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Foreword 


The 1968 Minerals Yearbook provides a record of performance of the 
world’s minerals industries during the year of review, with sufficient back- 
ground information to interpret the year’s developments. 

Volume I-II, Metals, Minerals, and Fuels, contains chapters on the metal, 
nonmetal, and mineral fuel commodities essential to the domestic economy. 
In addition, it includes a general review chapter on these industries, 
a statistical summary, and chapters on employment and injuries, and 
technologic trends. 

Volume III, Area Reports: Domestic, contains chapters covering each of 
the 50 States, the U.S. island possessions in the Pacific Ocean and the 
Caribbean Sea, the Commonwealth of Puerto Rico, and the Canal Zone. 
This volume also has a statistical summary chapter, identical with that in 
Volume I-II, and a chapter on employment and injuries. 

Volume IV, Area Reports: International, presents the latest available 
mineral statistics for more than 130 foreign countries and areas and 
discusses the importance of minerals to the economies of these nations. 
A separate chapter reviews minerals and their relationship to the world 
economy. 

The Minerals Yearbook is the most comprehensive publication of its kind 
available and the Bureau will continue its efforts in the years ahead to 
increase the Yearbook's value to its many users. Toward that end, the 
constructive comments and suggestions of readers are invited. 


Joun F. O'Leary, Director 
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Review of the Mineral Industries 


By Olman Hee! and Jeannette I. Baker? 


Gains in economic activity were regis- 
tered in 1968 by the mineral industries as 
well as by the total economy for the eighth 
consecutive year. Partly owing to the end 
of the copper strike, the minerals industry 
fared better in 1968 than in 1967. Both 
the minerals industry and the U.S. econ- 
omy as a whole showed record annual 
averages in the areas of production, sales, 
and employment. - 

The record for 1968 reflects both an 
overly buoyant economy and resultant 
benefits to most Americans in the form of 
large gains in real income and output. 
These, however, were attained at the cost 
of serious inflationary pressures. A renewed 
acceleration in defense spending and an 
upsurge in consumer spending were special 
influences that determined the pattern of 
activity throughout 1968. These develop- 
ments contributed to the Nation’s expan- 
sionary path, even in the face of the 10- 
percent tax surcharge, which was signed 
into law by the President on June 28. In 
the minerals economy, the copper strike, 
which ended in March, and the voluntary 
agreement by Japanese and European steel- 
makers to restrain exports of steel, were 
both important developments. 

The value of the Nation’s total output of 
goods and services—gross national product 
(GNP )—in 1968 rose $71 billion to a new 
high of $861 billion. When corrected for 
price changes, the real value of GNP (in 
1958 prices) was $707 billion, or 5.0 per- 
cent more than in the previous year. As in 
1967, a change of pace occurred in eco- 
nomic activity between the first and second 
halves of the year, but in a reversed order. 
Growth of real GNP in 1968 was at a 
yearly rate of 6.5 percent during the first 
6 months compared with 4.5 percent dur- 
ing the last 6 months. 

The performance of the general economy 
in 1968 was dominated by excessive de- 
mand in several sectors. Personal consump- 
tion expenditures increased more than in 


any recent year and producers stepped up 
production rates in response to increased 
sales. Business fixed investment began to 
move up sharply from its previous high 
plateau. As a result of these developments, 
inflationary forces gained a strong foothold 
in the wage and price structure. 

The unusual buoyancy of the economy, 
reflected by the pressure of demand, pushed 
up price levels at an unacceptable rate, 
created a relatively heavy influx of im- 
ports, and produced a sharp increase in 
interest rates. Other highlights of the 
stimulated economy in 1968 were a strong 
recovery of productivity growth compared 
with that for 1967, a 15-year low in the 
national unemployment rate, and a $10 
billion increase in before-tax profits. 

The Federal Reserve Board Index of 
Industrial Production rose 7.3 percent in 
1968 from the 1967 level, with total min- 
ing, total manufacturing, and utilities each 
registering moderate increases. Total U.S. 
employment increased 3.2 percent from 
1967 to 1968, and per capita U.S. personal 
disposable income—corrected for price 
changes—rose 3.0 percent. The employ- 
ment category showed a one-third greater 
increase compared with that for 1967, 
while the income category continued to 
Increase at about the same rate. Employ- 
ment in total mining, including fuels, in 
1968 showed a modest gain and employ- 
ment in metal mining showed a consider- 
able increase. Total U.S. unemployment 
reached a near-record low in 1968, aver- 
aging about 3.6 percent of the total labor 
force. 

Total mining output in 1968 was up 
moderately from the 1967 level, showing 
the second largest increase in recent years. 
Metal mining production registered marked 
gains from the .1967 figure but did not 


1 Economist, Division of Mineral Economics. 
2Commodity research specialist, Division of 
Mineral Economics. 
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attain the level reached in 1965 and 1966; 
mining of stone and earth materials was up 
slightly; and total coal, oil, and gas output 
was up moderately. Production of iron and 
steel rose slightly, while nonferrous metals 
registered moderate to marked gains. 
Exports of metals (crude and scrap) and 
crude nonmetallics were up slightly, while 
manufactured nonmetallic minerals were 
down slightly. Imports of ferrous ores and 
nonferrous base metal ores and refined 
metal displayed a mixed pattern, with 
representative items such as iron ore show- 
ing a slight decline and refined copper 
exhibiting a moderate increase. Net supply 
for most light and heavy metals was up in 
1968, with generally small increases being 
registered for major categories. 

Developments in the foreign exchange 
markets nearly triggered a mammoth chain 
reaction of competitive devaluations by 
Germany, France, and the United King- 
dom. The speculative rush into German 
marks and reserve losses of the French 
franc were rooted in national currency 
problems rather than in basic flaws in the 
international finance system. The German 
and French Governments asserted a deter- 
mination to hold to the present parity and 
to protect their currency by introducing 
changes in taxation and by stringent ex- 
change controls. 

U.S. Government activities were con- 
cerned with efforts to moderate the eco- 
nomic expansion, to continue to curb 
inflationary pressures, and to strengthen 
our international trade performance. The 
Government's policy was to slow the growth 
of demand to a rate less than the growth 
of capacity, while consistently maintaining 
forward motion. Congress at mid-year ap- 
proved a 10-percent retroactive tax sur- 
charge, withdrawing about $10.5 billion 
from the private sector income stream. 
Specific limitations were imposed on Fed- 
eral budget outlays. Corresponding develop- 
ments in monetary policy resulted in 
repeated increases in marke“ interest rates; 
at yearend rates on short-term Treasury 
bills and for other market issues were at 
their peak for recent times. Disposal of 
material from mineral stockpile inventories 
decreased moderately; sales were at vir- 
tually the same slow pace as in 1967. 
The Office of Minerals Exploration through 
its financial assistance program continued 
to encourage exploration for new domestic 
sources of essential materials. Government 


assistance on 18 contracts was largely 
directed toward exploration for gold, silver, 
mercury, and copper. 

Substantial improvement in U.S. inter- 
national transactions occurred in 1968. 
A gain in balance of payments—measured 
on the liquidity basis—of $160 million was 
the first to occur since 1957. The change 
from deficit to surplus was due largely to 
significant inflows (and reduced outflows) 
of private and official capital, which more 
than offset a deterioration in the trade 
balance in goods and services. Factors 
contributing to the 1968 surplus include 
an increase in borrowings by U.S. cor- 
porations, directly or through their foreign 
affiliates; a shift in transactions reported 
by U.S. banks from a net capital outflow 
to a net capital inflow; and a rise in foreign 
purchases of outstanding U.S. securities. 

Official U.S. gold reserves continued to 
decline at about the same rate as in 1967. 
The reserves were used primarily to meet 
the demand for gold on the London free 
market. À continued deficit in silver pro- 
duction induced further withdrawals from 
silver stocks, with relatively high sales 
occurring from U.S. Treasury bullion stock. 

To insure that adequate mineral re- 
sources are developed and made available, 
Bureau of Mines funding for fiscal 1969 
was increased 6 percent. Major thrusts of 
Bureau of Mines research programs during 
1968 were directed toward the develop- 
ment of more effective, efficient, and less 
costly extraction, processing, and utilization 
technology. Also, new emphasis was placed 
on evaluating domestic production capa- 
bilities and assessing the outlook for con- 
sumption of raw materials in the year 
ahead. Rapidly increasing domestic de. 
mand for mineral raw materials and de- 
creasing domestic production have placed 
the United States in an escalating deficit 
position. Within this frame of reference it 
is the responsibility of the Bureau to see 
that needed minerals and fuels are provided 
to consumers at reasonable cost and with 
no sacrifice in environmental quality. 
Accordingly, Bureau of Mines research 
programs were designed to contribute to 
more effective utilization of our country's 
natural mineral and fuel resources. 
Programs in health and safety of miners 
also received prominent attention, and pro- 
grams were continued to alleviate the 
problems in minerals recycling and to 
improve methods of solid waste disposal. 
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SOURCES AND USES OF MINERALS 


The Federal Reserve Board Index ot 
Industrial Production for both mining and 
be quantity of the mineral produced, plus 
changes in producer stocks, plus (or minus) 
changes in Government stockpile inven- 
tories, plus imports, minus exports. The 
approach to analysis of demand in this 
section views demand as a breakdown of 
consumption into respective use sectors: 
Commercial sector, industrial sector, trans- 
portation sector, and export sector. These 
approaches should not be construed as 
being analagous or comparable with analy- 
sis of supply-price functions which describe 
producer behavior or demand-price func- 
tions which describe consumer behavior. 
More realistically, they resemble the bal- 
ance sheet approach which describes the 
sources and uses of minerals. 


Production.—Domestic production of pri- 
mary minerals and mineral fuels in 1968 
was valued at $25 billion in current 
dollars, or $1.3 billion more than in 1967 
(table 1). In 1957—59 constant dollars, the 
value of mineral production was $23.6 
billion, or 0.8 billion more than in the 
previous year. In 1968, metals showed the 
biggest constant dollar increase, 9.6 per- 
cent, owing largely to the recovery of 
copper production after the 1967 copper 
strike; nonmetals and mineral fuels showed 
constant dollar increases of 3.2 and 2.6 
percent, respectively. 


Physical volume of mineral production 
in the United States in 1968 showed a 
moderate increase. The Bureau of Mines 
index of physical volume of production 
(1957-59=100) showed ferrous metals up 
slightly and nonferrous metals up sub- 
stantially, with nonmetals and mineral 
fuels also sharing in the gain (table 3). 
Figure 1 shows historical trends for im- 
portant representative mineral commodities. 
The production index for iron ore for 1968 
was 108.5, down 0.8 index point from the 
1967 index; the index for copper was 
124.4, up 25 index points (the biggest 
change); and the index for coal was 114.0, 
down 6.1 index points. The large change 
for copper was due to recovery from the 
precipitous drop during the 1967 strike. 
(See table 2 in the Statistical Summary 
chapter, which gives statistics for both 
production and value of minerals and min- 
eral fuels in 1968). 


The Federal Reserve Board Index Of 
Industrial production for both mining and 
total U.S. production showed marked rela- 
tive gains in 1968. The preliminary pub- 
lished data indicated that the index of the 
total mining component rose 2.6 points to 
126.4, while total industrial production 
increased 6.6 points to 168.7. The primary 
metals group was up 3.7 index points to 
136.2; ferrous metals rose 3.0 points to 
129.8; nonferrous metals and products in- 
creased 3.9 points to 158.1; the stone and 
earth minerals group was up 2.6 points to 
138.0; and the coal, oil and gas group was 
up 2.3 points to 125.0. 


Among the major nonmetals produced, 
cement, stone, and sand and gravel com- 
bined constituted about 66 percent of total 
nonmetals production. Cement production, 
at 405.9 million barrels, was up 5.2 per- 
cent; crushed and broken stone output was 
up 2.1 percent; and sand and gravel pro- 
duction was up 1.2 percent. 


The fossil fuels group produced a total 
heat or caloric value equivalent of 54.8 
trillion British thermal units (Btu). Heat 
value of primary electricity produced at 
hydropower and nuclear-powered plants, 
when added to that of mineral fossil fuels, 
brought the total to 57.3 trillion Btu. This 
was a record level, and 3.4 percent higher 
than in 1967. 


Primary fossil fuels continued to supply 
the bulk of the Nation’s energy supplies. 
Natural gas and component liquids re- 
mained the top energy source, with a mar- 
keted production of 19,322 billion cubic 
feet, or 6.3 percent higher than in 1967. 
Crude petroleum furnished the second 
most important source of energy, with a 
marketed production of 3,329 million bar- 
rels, or 3.5 percent more than in 1967. 
Higher demand for crude petroleum in 
1968 was met by increased domestic pro- 
duction and increased imports. Production 
of bituminous coal and lignite declined 
7.6 million short tons to a total of 545 
million short tons, the first time in 7 years 
that this fuel did not show an uptrend. 
Anthracite continued to show a slight 
decline, with a production of 11.5 million 
short tons. The smallest source of energy 
came from primary electricity generated 
at hydropower and nuclear-powered plants, 
with 2,352 trillion and 130 trillion Btu 
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Figure 1. — Indexes of physical volume of mineral production 
for selected items in the United States. 


produced in 1968 compared with 2,344 
trillion and 81 trillion Btu in 1967. 

The net supply of most minerals in- 
creased. Several important ferrous metals, 
including iron ore, steel ingot, and tung- 
sten, showed a slight to moderate increase 
in net supply, while most nonferrous metals 
showed only slight gains. Steel ingot showed 
a sizable increase in both production and 
imports, while iron ore and tungsten 
showed their biggest gain in production 
only. For the nonferrous metals, copper, 
lead, and platinum reflected the biggest 
gains in domestic production while both 
copper and aluminum showed sizable gains 
in imports. Exports of the more important 


ferrous metals declined, while with the 
exception of aluminum, crude and semi- 
crude, exports of important nonferrous- 
metals increased. Exports of refined copper 
recovered in 1968 to match the 1966 level 
of exports. 

Changes in the relative shares of domestic 
and foreign sources of supply occurred in 
a few selected minerals. More reliance was 
placed on foreign sources in 1968 for iron 
ore and concentrate, ores and concentrates 
of nonferrous metals, refined copper, manu- 
factured aluminum, nickel and nickel al- 
loys, and zinc and zinc alloys. Fewer 
supplies from foreign sources were regis- 
tered for pig iron, and lead and lead alloys. 
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Stocks and Government Stockpile. — 
Producers’ stocks of crude minerals in both 
metals and nonmetals were up substantially 
in 1968. The Bureau of Mines index of 
stock of total crude minerals stood at 127 
(1957-59=100), with metals contributing 
most: to the increase. The index for iron 
ore (1957-59—100) reached 227 in 1968, 
a record level and 43 index points higher 
than in 1967, while the nonferrous metals 
index stood at 178, or 1 index point higher 
than in the previous year. Producers’ stocks 
of nonmetals rose to 93 (1957-59=100) 
or 15 index points higher than in 1967. 
A marked increase in Frasch sulfur stocks 
contributed materially to the higher non- 
metal stocks on hand. 

Seasonally adjusted book values of in- 
ventories in the mineral processing indus- 
tries were up moderately for petroleum 
and coal products, and up sharply for 
stone, clay, and glass products at yearend 
1968. By contrast, the inventory position 
for blast furnaces and steel mills was 
moderately down. To more than offset the 
decline in this component of primary 
metals, other primary metal inventories 
were up moderately. Overall book value 
of inventories for the mineral processing 
industries showed a greater increase than 
for the past several years. 

Like producers’ stocks, the national stock- 
pile of strategic materials helps to bolster 
the Nation’s supply of minerals. Important 
ferrous metals in the stockpile in terms of 
market value were tungsten, metallurgical 
chromite, and metallurgical manganese, in 
that order. Important nonferrous metals in 
the stockpile in terms of market value were 
aluminum (bauxite), zinc, lead, and tin. 
Among the ferrous metals, molybdenum 
maintained about the same quantity level 
as in 1967; among the nonferrous metals, 
bauxite maintained its previous quantity 
level. 


Exports.—Since exports reduce the 
Nation’s domestic supply of minerals, in- 
terest centers on particular groups of 
minerals exported. In 1968, exports of 
chemicals and manufactured nonmetallic 
minerals exceeded imports slightly to 
moderately. Exports of inorganic chemicals 
showed a marked increase. In the non- 
metallic minerals group, clay and re- 
fractory construction materials and non- 
metallic mineral manufactures showed the 
largest gains. The value of total exports of 


minerals and mineral products in 1968 was 
6 percent greater than in 1967. 


Imports.—Imports add to the Nation's 
domestic supply of minerals. The quantity 
of minerals and mineral products imported 
in 1968 for most items in the crv? and 
scrap metals category was mod. :: ‘ely 
higher, and in the manufactured : tals 
category substantially higher, than in 1967. 
Significant increases in imports among the 
ferrous metals included pig iron, steel ingot, 
and nickel. Among the nonferrous metals, 
copper and copper alloys, aluminum and 
aluminum alloys, zinc and zinc alloys, and 
tin and tin alloys showed moderate to 
marked increases. The value of total im- 
ports of minerals and mineral products in 
1968 was 22 percent greater than in 1967. 


Consumption.—Among the major metals, 
changes in consumption of both ferrous and 
nonferrous categories were mainly upward 
(table 7). Iron ore and raw steel consump- 
tion were up 4.3 million long tons and 
4.2 million short tons, respectively. Among 
the nonferrous group, copper consumption 
was down 2.9 percent, while aluminum 
was up 16 percent. Uranium consumption 
(Usel went up 3.2 thousand short tons 
during the year to a total of 12.3 thousand 
short tons. 

Among the major nonmetals, consump- 
tion of cement rose to 403 million barrels, 
or 25 million barrels more than in 1967. 
Sand and gravel consumption rose to 917 
million short tons from 907 million short 
tons used in 1967. Crushed stone for all 
uses totaled 816 million short tons, or 32 
million short tons more than in 1967. 
Among the important nonmetal commodi- 
ties which registered declines in consump- 
tion were phosphate rock, down 9 percent; 
and sulfur, down 2 percent. Unfavorable 
weather in the spring of 1968 caused many 
farmers to plant emergency crops that re- 
quire less fertilizer or to delay plantings of 
regular crops and to apply less fertilizer 
to the delayed plantings. 

Total energy consumption in the 
United States reached a new high of 62.3 
quadrillion Btu, an increase of 5.8 percent 
over 1967 consumption. Petroleum and 
natural gas liquids constituted 44 percent 
of total energy sources consumed; natural 
gas, 31 percent; bituminous coal, 21 per- 
cent; and hydropower and nuclear power, 
4 percent. 
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Petroleum consumption, including natural 
gas liquids, rose to 4,900 million barrels, 
an increase of 7 percent. This was the 
largest increase in petroleum consumption 
in the last several years. 

Natural gas consumption rose to 18,957 
billion cubic feet, an increase of 7.2 per- 
cent. Increased importance of liquefied 
natural gas in the last several years has 
given an added boost to total gas energy 
consumption. 

Bituminous coal consumption in the 
United States reached 499 million short 
tons, an increase of 4.0 percent. The elec- 
tric utility industry continued to be the 
largest consumer, utilizing 294 million tons 
of coal, or about 8.1 percent more than 
in 1967. Industrial uses accounted for 188 
million tons, of which 90 million tons were 
used to make coke, 15 million tons were 
used for retail delivery, 9 million tons were 
channeled to cement mills, and 6 million 
tons were used by steel and rolling mills. 
Development by electric utilities of mine- 
mouth generating stations, which use high- 
voltage transmission lines to transport 
power, has increased the use of coal. A 
Bureau of Mines demand study of coal 
for electric generation yielded a price 
elasticity of demand of —0.72 for coal in 
this use. This indicates an inelastic demand 
for coal by generation plants and suggests 
that decisions with respect to changes in 
the level of coal consumption by genera- 
tion plants are only moderately affected by 
changes in the price of coal. 

Hydropower and nuclear power con- 
tinued to increase in importance in furnish- 
ing energy in 1968. Hydropower generation 
output was 222.2 billion kilowatt-hours, or 
0.4 percent more than in 1967. Nuclear 
power generation output jumped to 12.3 
billion kilowatt-hours from 7.6 billion kilo- 
watt-hours in 1967, an unprecedented in- 
crease of 61 percent. 


The industrial sector continued to be the 
major energy market in 1968, using 31 
percent of total energy consumption or 
2.8 percent more than in 1967. Coal and 
natural gas continued to increase as sources 
of energy in this sector, while petroleum 
showed a slight decline. 

The transportation sector accounted for 
24 percent of total energy consumption or 
8 percent more than in 1967. The largest 
share, by far, of energy used in this sector 
was furnished by petroleum. 


The household and commercial sector 
accounted for 22 percent of total energy 
resources consumed in 1968 (table 9). With 
the exception of coal, energy resource in- 
puts into this section continued to increase; 
the input for natural gas increased 4.6 
percent, while that for petroleum increased 
0.4 percent. For the first time natural gas 
was the principal source of energy in the 
household and commercial sector. 


The electric utility sector utilized about 
22 percent of the total energy resource in- 
put, slightly more than in 1967. Bituminous 
and lignite coal, the major fuel used in 
electric generation, increased from 6.6 to 
7.1 quadrillion Btu. Natural gas and petro- 
leum, which together furnished 31 percent 
of total energy inputs in this sector in 
1968, continued to increase percentagewise 
a little faster than coal. Total energy input 
in this sector increased 9 percent in 1968. 


Total gross energy inputs, over all sectors, 
increased 6 percent in 1968. Fossil fuels 
comprised 95 percent of total energy in- 
put, and hydropower and nuclear power 
made up the remainder. Of the fossil fuels, 
petroleum furnished the highest total energy 
input, 43 percent, followed by natural gas 
and coal. | 


EMPLOYMENT AND PRODUCTIVITY 


Employment.—Employment in the min- 
eral industries generally rose, with moderate 
gains in total mining offsetting a slignt 
decline in total minerals manufacturing 
(table 25). Both metal mining and mineral 


fuels contributed to the general rise in total 
mining employment. The gain in employ- 
ment in metal mining resulted largely from 
recovery from the low level set in 1967 
due to the copper strike. 
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Percentage changes in employment in 
1968 compared with 1967 by groupings 
follow: 


Percent 

All industries +3.2 

Mining (including fuel) 2.0 

Metal mining +6.4 

Nonmetal mining and quarryin g +.7 

Coal mining —2.0 

Crude perou and natural gas.  —1.1 

Oil and gasfield services +9.1 
Minerals manufacturing (1) 

SE minerals m d 
JJ“ E —1. 


1 Less than 0.1 percent. 
2 Based on selected items given in table 24. 


Employment in selected minerals manufac- 
turing industries declined slightly. Fertil- 
izers and hydraulic cement had slightly 
lower employment for the second consecu- 
tive year; blast furnaces, steelworks and 
rolling mills, and nonferrous smelting and 
refining were up slightly. Employment was 
down in petroleum refining and in other 
petroleum and coal products. Total U.S. 
employment showed a slightly greater gain 
in 1968 compared with 1967. 


Hours and Earnings.—Changes in aver- 
age hours worked in metal mining were 
mixed; fewer hours were worked per week 
in iron ore mining, but there was a length- 
ened workweek in copper ores. Weekly 
hours per worker in copper mining, at 
47.2, was a record high for the last decade. 
The longer workweek was due principally 
to demand built up during the copper 
strike. Weekly and hourly earnings in metal 
mining increased 8.7 and 5.2 percent, re- 
spectively. For the mineral fuels group, 
average hours declined slightly, with coal 
mining contributing largely to the decrease. 
Weekly earnings increased 5.4 percent in 
crude petroleum and natural gas plants, 
but only 0.4 percent in coal mining. 

Average hours worked in petroleum re- 
fining and related products declined 0.5 
percent. For all other nonfuel minerals and 
fuels manufacturing industries, except fer- 
tilizers, the workweek increased. Increases 
in weekly earnings in various categories of 
nonfuel minerals and fuel manufacturing 
ranged from 4 to 8 percent, slightly more 
than the increases in 1967. Increases in 
hourly earnings in this group in 1968 
ranged from 5 to 7 percent. For total 
manufacturing, all industries, the average 
increase in weekly earnings was 7.6 percent, 
or substantially greater than that in 1967. 


Labor Turnover Rates.—Accession rates 
(hires and rehires) for metal mining 
dropped slightly in 1968, while for all 
manufacturing they rose slightly. Accession 
rates for iron ore returned to 1965—66 levels 
after a surge upward in 1967, while for 
copper ore little change was registered 
from the earlier levels. Separation rates 
were lower for total metal mining, and for 
copper mining they were substantially 
lower. Accession rates generally increased 
for the mineral manufacturing industries. 
Hydraulic cement was the only industry 
reporting fewer separations than in 1967. 
In mineral fuels manufacturing, accession 
rates in both petroleum refining and coal 
mining increased slightly; separation rates 
increased in petroleum refining but de- 
clined in coal mining. Layoff rates re- 
mained stable in coal mining, while for 
petroleum refining they declined. 


Wages and Salaries.—Wages and salaries 
in the mineral industries (including fuels) 
continued to rise. For mining, wages and 
salaries increased 4.8 percent, compared 
with 8.7 and 9.8 percent, respectively, for 
manufacturing and for all industries, total. 
Wages and salaries improved in the mining 
industry relative to other industries. Average 
earnings per full-time mining-industry em- 
ployee at $7,958 annually, exceeded the 
$7,345 average received by manufacturing 
employees and the $6,654 all-industry aver- 
age. Earnings per employee in mining in 
1968 increased 5.3 percent, while in manu- 
facturing and all industries they increased 
6.8 and 6.7 percent, respectively. 


Productivity.— The 1967 productivity in- 
dexes (most recent data available) reflect 
a mixed pattern of gains and losses for the 
production worker man-hour category in 
the important mining sectors. An increase 
in output per production worker man-hour 
of 4 index points (1957—59—100) was 
registered for crude iron ore in 1967, while 
for bituminous coal and lignite there was 
no change from the 1966 index. Output 
per production worker man-hour for cop- 
per, both crude ore and recoverable metal, 
was down slightly in 1967. For usable iron 
ore, the productivity index declined 6.6 
points. Where labor productivity declined, 
it was due largely to output falling faster 
than number of production workers. 
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PRICES AND COSTS 


Index of Average Unit Mine Value.— 
During 1968 the index of average unit 
value for all minerals increased about 1 
percent. Largely because of the relative 
stability of fossil fuel prices, the overall 
index has changed relatively little since 
1958. Increases in the component items of 
the index occurred in such ferrous metals 
as iron ore and tungsten; in nonferrous 
metals, especially copper; and in the mone- 
tary metals, silver and gold. Among the 
nonmetals, prices in the construction cate- 
gory showed little change, while prices of 
several items in the chemical category, such 
as phosphate rock and potash, were down 
slightly to moderately. Average mine value 
of mineral fuels trended upward in 1968, 
with crude petroleum and natural gas 
registering slight increases. 


Index of Implicit Unit Value.—The in- 
dex of implicit unit value, which measures 
change in value index-quantity index rela- 
tionships, showed a modest increase of 1.9 
index points for all minerals (1957—59— 
100). Ferrous metals showed a slight in- 
crease, while nonferrous metals, both base 
and monetary categories, showed marked 
increases. Monetary metals, with silver 
leading all others, increased 30.7 index 
points. Base metals trended upward at a 
lesser rate, rising by 7.9 index points. The 
relatively rapid rise in prices of base and 
monetary metals in 1967 and 1968 brought 
about record levels for these categories for 
recent times. Within the nonmetallic group, 
the index of prices of raw materials used 
in the construction and chemicals industries 
rose relatively little, while prices of other 
nonmetals, such as clays (fuller’s earth, 
and kaolin), rose as much as 15 index 
points. The sharp increase in the unit value 
of monetary metals in 1968 was mainly 
due to speculation stemming from uncer- 
tainties in the silver market. The U.S. 
Treasury attempted to stabilize the silver 
market by releasing 2 million ounces per 
week for an extended period. The implicit 
unit value for gold rose about 10 index 
points over that of 1967. This was princi- 
pally due to establishment by the Federal 
Government of a two-tier price structure 
for gold, allowing the price of gold in 
private transactions to fluctuate based on 
supply and demand conditions for gold in 
the open market. 


Prices.—Prices for most major metals, 
nonmetals, and mineral fuels rose mod- 
erately in 1968 (table 32). Iron and steel 
and aluminum ingot showed gains of 1.8 
and 2.0 percent, respectively. Offsetting 
these gains were moderate to marked de- 
clines in the prices of lead, zinc, and iron 
and steel scrap. Among the nonmetallic 
minerals, prices of construction materials 
were universally up, while prices of many 
chemical raw materials showed moderate 
declines. Mine prices for phosphate rock 
were unchanged, while prices for potash 
were down 11.6 index points. Prices to 
farmers for phosphate fertilizer (46 percent 
P205) were down 7 percent, and prices 
for potash (standard, muriate, 60 percent 
K2O minimum) were down 6.5 percent. 
Relatively heavy increases in fertilizer sup- 
plies during the year, together with a less 
than proportionate increase in domestic 
demand, contributed materially to the price 
decreases. 


Average cost of coal at steam-electrical 
powerplants rose by 0.5 cent to 25.2 cents 
per million Btu in 1967 (the latest year 
for which data are available). Cost of 
residual fuel oil decreased by 0.2 cent to 
32.2 cents while natural gas decreased by 
0.3 cent to 24.7 cents per million Btu. For 
principal user areas, natural gas became the 
cheapest fossil fuel for power generation in 
the United States. In one of the three 
regions in the East, natural gas prices per 
Btu declined in 1967 compared with 1966 
levels, while in all regions of the East, the 
price of coal registered increases. 


The average cost of electrical energy 
remained at 1.6 cents per kilowatt-hour in 
1967. Within the regional breakdown, small 
declines in cost were shown for the Middle 
Atlantic, East North-Central and West 
South-Central regions, which had shown 
no change in cost in 1966. The East South- 
Central region continued to have the 
lowest average cost for power in 1967, 
0.9 cent per kilowatt-hour. Cost of electri- 
cal energy remained lowest in the commer- 
cial and industrial markets—1.3 cents per 
kilowatt-hour—and highest in the residen- 
tial market—2.2 cents per kilowatt-hour. 


Index of Principal Metal Mining Ex- 
penses.— Higher index values for principal 
metal mining expenses were reported in 
1968, owing largely to significant increases 
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in labor costs. Prices of supplies, fuels, and 
electrical energy showed only nominal 
change. The indexes of major input ex- 
penses for bituminous coal, crude petro- 
leum, and natural gas showed no appre- 
ciable change. | 


Costs.—The indexes of relative labor 
costs and productivity in the mineral and 
mineral fuels industries in 1968 generally 
continued to rise over those of 1967 (table 
38). The index of labor costs per unit of 
output for recoverable iron ore in 1968 was 
about the same as in 1967; for copper, the 
index was up markedly. The index of value 
of product per man-period was up moder- 
ately for recoverable iron ore and up 


INCOME AND 


National Income Generated. — Income 
generated by mining was $6.5 billion, the 
highest of record and 5.8 percent higher 
than in 1967 (table 41). Income from 
metal mining was 11.7 percent higher than 
in 1967, but lower than the 1963-67 
average. An increase of 6.1 percent in 
income in the crude petroleum and gas 
industries helped considerably to boost in- 
come for total mining. Similarly, income 
in manufacturing rose to a new record in 
1968, or 10.1 percent higher than in 1967. 
A 9.2-percent increase in income was 
registered in all industries, U.S. total. 


Profits and Dividends.—Annual average 
profit rates in 1968 on shareholders' equity 
in selected mineral manufacturing corpora- 
tions were slightly lower for primary metals, 
while for all manufacturing they were 
slightly higher. Profit rates for petroleum 
refining and related industries, which de- 
clined 0.3 percent in 1968 were the lowest 
since 1966. In contrast, profit rates in 1968 
for stone, clay, and glass products and 
chemical and allied products increased 1.0 
and 0.2 percent, respectively. Dividends in 
mineral manufacturing generally showed 
moderately large increases. Primary metals, 
chemicals and allied products, and petro- 
leum refining and related industries regis- 
tered increases in dividends of 6 to 8 
percent, while the stone, clay, and glass 
products group showed a slight aecline. 
Except for the stone, clay, and glass prod- 
ucts group, total dividends fared better than 
profit rates in all categories in 1968. 


substantially for copper. The index of 
labor costs per dollar sales remained un- 
changed for recoverable iron ore and was 
slightly down for copper. It is noteworthy 
that the index of labor costs per dollar 
sales for copper declined in contrast with 
other labor cost measures for that metal. 
Except for portable air compressors, prices 
of principal mining construction and mate- 
rial handling machinery were up in every 
category in 1968. Prices of construction 
machinery and mining machinery increased 
6.4 and 3.7 percent, respectively. In the 
specialized categories tractors, other than 
farms, showed the largest price increase, 
while power cranes, draglines, shovels, etc. 
showed the smallest increase. 


INVESTMENT 


There were 57 industrial and commercial 
failures in mining, including fuels, 14 fewer 
than in 1967; however, liabilities reported 
by these firms were almost 20 percent 
higher in 1968. Manufacturing firms, which 
comprise a much larger category of firms 
than mining, showed 305 failures, or 17 
percent fewer than in 1967; in addition, 


these firms reported 13 percent less lia- 
bihties than in 1967. 


New Plant and Equipment.—Expendi- 
tures for new plant and equipment by 
mining firms totaled $1.42 billion, un- 
changed from that in 1967. In the manu- 
facturing category, expenditures for chemi- 
cal and allied products and stone, clay, and 
glass products declined 6.6 and 2.7 percent, 
respectively. New plant and equipment 
expenditures for primary iron and steel 
rose $50 million to $2.36 billion. Expendi- 
tures in the all-manufacturing category 
decreased 0.9 percent to $26.44 billion. 


Plant and equipment expenditures of 
foreign affiliates of U.S. companies in min- 
ing and smelting rose $199 million to $1.1 
billion. This 22-percent increase in outlays 
compared favorably with the 10-percent 
increase reported for manufacturing. Except 
for the category “mining and smelting in 
all other areas," each area reporting showed 
increased outlays for mining and smelting. 
All countries reporting showed increases in 
petroleum outlays. Except for Canada, all 
countries reporting showed increases in 
outlays for manufacturing. 
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Issues of Mining Securities.—Estimated 
gross proceeds of new corporate securities 
offered for the extractive industries in 1958 
were $594 million, or 1.0 percent more than 
the $588 million offered in 1967. Slightly 
more than one-third of the proceeds in 
extractive industry offerings during the 
year came from bonds, about two-thirds 
was in common stock issues, and none was 
reported from preferred stock. 


Sources and Use of Funds.—In 1965 (the 
latest year for which data are available) 
funds from all sources for direct foreign 
investment by U.S. mining and smelting 
industries increased $323 million to $1.4 
billion. Canada and Latin America led all 
other countries in generating funds. The 
affiliates relied principally on net income 
originating within the industries. In the 
more undeveloped areas, funds borrowed 
abroad and from the United States domi- 
nated the funding pattern. 

Uses of funds for direct foreign invest- 
ments by U.S. mining and smelting indus- 
tries for property, plant, and equipment in 
1965 (latest data available) increased $219 
million to $682 million. Funds expended 
for property, plant, and equipment con- 
stituted about 50 percent of the total; in- 


1968 


come paid out accounted for about 30 
percent; inventories utilized 7 percent; and 
the remainder was distributed to receivables 
and other assets. 


Foreign Investment, Direct private in- 
vestment of U.S. foreign affiliates in foreign 
petroleum industries in 1967 was highest in 
Europe, Canada, and the Latin American 
Republics. Total book value at yearend 
for petroleum industries, all countries, was 
$17.4 billion, compared with $16.2 billion 
at the beginning of the year, or a gain of 7 
percent. Book value for all industries rose 
from $54.7 to $59.3 billion, or 8 percent. 

Direct U.S. private investment in foreign 
mining and smelting industries in 1967 was 
valued at $4.8 billion, or 17 percent above 
that in 1966, the highest increase in recent 
years. Canada and the Latin American 
countries accounted for almost three- 
quarters of the investment in mining and 
smelting, and slightly over two-thirds of 
the income generated by these industries. 
In 1967, earnings of affiliates in mining 
rose by $83 million, reaching $743 million. 
Of this total, $596 million was returned to 
the United States as income, compared 


with $524 million in 1966. 


TRANSPORTATION 


In 1967 (the latest year for which data 
are available) the overall shares of metallic 
ores and nonmetallic minerals (except 
fuels) transported by rail and water re- 
mained unchanged from 1966. Individual 
metals and nonmetallic minerals which 
showed higher rail transport as compared 
with water in 1967 follow: Iron ore and 
concentrates, bauxite, other nonferrous ores, 
phosphate rock, processed fertilizer, build- 
ing cement, and clay, ceramic, and refrac- 
tory materials. Items, by groups, that 
showed higher water than rail transport 
were gypsum and plaster rock, liquid 
sulfur, and limestone flux and calcareous 
stone. Mineral commodity tonnages (ex- 
cept fuels) transported by rail were down 
6 percent in 1967 compared with those in 
1966, while those transported by water 
were down 4 percent. 

In 1967, the greater quantity of mineral 
fuels and related products continued to be 
moved by water rather than by rail or 
truck. The quantities moved in water- 
borne commerce increased 3.9 percent in 


1967. For the first time, the tonnage of 
crude petroleum moved by water exceeded 
that of gasoline (including jet fuel). Crude 
petroleum was by far the greatest con- 
tributor to the annual increase in mineral- 
fuels tonnage moving by water transport. 
Mineral-fuels tonnage moving by rail in- 
creased slightly less than 1 percent in 1967. 
Among the important items, bituminous 
coal contributed most to the absolute in- 
crease; however, percentagewise, liquefied 
petroleum gas led all others. Increased 
shipments of coal by rail in recent years 
stem principally from lower freight rates. 

Gas pipeline mileage totaled 828,000 
miles in 1967 (latest year for which data are 
available), or 4 percent more than in 1966. 
Natural gas lines continued to comprise 
about 99 percent of the total, with the 
remaining 1 percent divided among manu- 
factured, mixed, and liquefied petroleum 
gas. 

Total petroleum pipeline mileage, re- 
corded at the beginning of 1968 at 210 
thousand miles, was down slightly less 
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than 1 percent, the first reduction in the 
last four decades. Total pipeline fill at the 
beginning of 1968, at 104.6 million barrels, 
was 3.9 percent greater than that reported 
for 1965. This was a markedly lower in- 
crease than that shown for the 1962—65 
period. Of the total petroleum pipeline 


mileage reported in 1968, 35 percent was 
in crude gathering systems in field opera- 
tions, 34 percent in larger size crude 
trunklines, and 31 percent in petroleum 
product pipelines that extend from re- 
fineries to distribution terminals. 


RESEARCH ACTIVITIES 


Data on national expenditures for re- 
search and development activities in selected 
industries in 1967 (latest year for which 
data are available) showed that chemicals 
and allied products accounted for 9.5 per- 
cent of total funds expended, or slightly 
more than revised data show for 1966 
(table 56). Petroleum refining and extrac- 
tion accounted for 2.9 percent of the total, 
slightly more than in 1966. Federal funds 
in 1968 made up slightly under 15 percent 
of the total spent for chemicals and allied 
products research, and slightly under 10 
percent of that expended on petroleum re- 
fining and extraction research. Only about 
3.0 percent of Federal funds available for 
industrial research was spent on research 
related to the chemical industry and the 
petroleum industry. Of this amount, 2.5 
percent was expended for chemicals and 
allied products research, and 0.5 percent 
on petroleum refining and extraction. 

Bureau of Mines.—During 1968, the 
Bureau of Mines continued to work on 
research problems under established pro- 
grams for minerals and mineral fuels re- 
search and resource development. Emphasis 
again was placed on supply-demand-price 
relationships. From relationships derived, 
supply and demand forecasts into the next 
two decades were made, with a view to 
making research efforts more meaningful 
in those areas where supply and demand 
are most critical. Emphasis also was placed 
on determination of input-output relation- 
ships of the U.S. mining industries, using 
1963 data. Energy supply and demand 
balances, 1960 and 1965, for coal, utility 
electricity, dry natural gas, and petroleum 
and natural gas liquids were completed in 
1968. These separate commodity balances 
and flows are input requirements for the 
construction of integrated energy balances 
at the State and regional levels. . 

Obligations of funds by the Bureau of 
Mines for mining and mineral research and 
development totaled $35.8 million in fiscal 
year 1969. Of this amount, 74 percent was 


allocated to applied research, 12 percent 
to basic research, and 14 percent to devel- 
opment. Total research funds of $30.8 
million obligated by the Bureau for fiscal 
year 1969 were divided as follows: Engi- 
neering science, $20.1 million; physical 
sciences, $8.4 million; mathematical sci- 
ences, $0.7 million; and environmental 
sciences, $1.6 million. 

Research on technological and economic 
problems was designed to continually ad- 
vance the process of extracting raw mate- 
rials at reasonable cost without environ- 
mental degradation. Highlights of accom- 
plishments of Bureau research programs, 
including work in progress, follow. 

Mining Research.—As an aid in reducing 
the incidence of waste disposal structure 
failures and resulting pollution, a compre- 
hensive report was completed on the various 
factors affecting the stability of mill tailings 
dams. In ground control studies, a multiple- 
anchored borehole extensometer was devel- 
oped for detecting and measuring subsurface 
rock movements caused by underground 
mining. A related study was initiated 10 
determine interrelationships between sur- 
face subsidence, mineral extraction ratio, 
elapsed time between mining activity and 
surface subsidence, and the character and 
nature of overburden materials. A tech- 
nique was devised for measuring stress 
changes in viscoelastic materials by means 
of hydraulic pressure cells and then re- 
lating these data to size and distribution 
of supporting mine pillars, depth of over- 
burden, and type of mineral deposit. 
Laboratory studies on strength of mine 
pillars determined that the compressive 
strength of fractured pillars can be in- 
creased significantly by angular placement 
of rock bolts. 

As an aid toward prevention of damage 
to surface structures, field studies were com- 
pleted which relate air and ground vibra- 
tions, caused by blasting operations, to the 
size of the explosive charge, the distance 
between blasting site and surface structures, 
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and the physical characteristics of the 
blasted materials. Studies were initiated on 
the potential of thermal fragmentation by 
laser radiation and by radiofrequency in- 
ductive heating. 

In marine minerals research, emphasis 
was centered on the development of equip- 
ment and techniques to accurately sample 
and characterize sea-floor deposits. Follow- 
ing up on the attention given to gold-bearing 
placer deposits, blanket-type phosphorite 
deposits were added in 1968 in research 
investigations conducted on Coronado Bank, 
off the coast of southern California. 

Metallurgy Research.—A new method 
for consolidating reactive metals was devel- 
oped, wherein charges of titanium sponge, 
scrap, or mixtures thereof are melted under 
a layer of molten slag in a. water-cooled 
crucible, and the solid metal is then with- 
drawn as a continuous rod through the 
bottom of the crucible. 

Because of the continuing interest in 
vanadium—especially its potential as a 
structural material—the Bureau’s electro- 
refining process for preparing 99.99-percent- 
pure vanadium—the highest ever achieved 
in a process adaptable to commercial pro- 
duction—has been improved and scaled up. 

A process was developed for electrolyti- 
cally oxidizing organic matter in the car- 
bonaceous gold ores of Nevada, prior to 
cyanide treatment. Pilot-plant trials are 
under way by a prominent gold mining 
company operating in that State. Successful 
conclusion of the tests may lead to large 
additions to both domestic and world gold 
reserves. Another process has been worked 
out for the continuous recovery of gold 
from the heap leaching of oxidized ores in 
the sedimentary beds of northeastern 
Nevada. More than 90 percent of the gold 
content of these ores can be extracted. 

An important breakthrough was made in 
the formulation of a new soldering proce- 
dure, whereby replacements of conventional 
lead-silver-tin solders can be made by mate- 
rials which melt at temperatures about 
100° F higher than are now possible and 
which maintain good strength at elevated 
temperatures. The method has considerable 
promise in the automotive industry for the 
production of smaller and more efficient 
copper alloy radiators. 

Land and Air Pollution. During 1968, 
the Metallurgy Research Solid Waste Pro- 
gram centered on three main areas of 
research: (1) Recovery and utilization of 


the metal and mineral content of munici- 
pal incinerator residues, (2) stabilization 
(utilization) of mine and mill waste piles, 
and (3) recovery and utilization of ferrous 
and nonferrous values contained in scrap 
automobiles. A modest grant program also 
was continued to supplement inhouse re- 
search on solid waste problems. 

Major accomplishments during the year 
included completion of a 1,000-pound-per- 
hour continuous processing plant for re- 
covering the ferrous, nonferrous, glass, and 
mineral values contained in municipal in- 
cinerator residues, construction of a pollu- 
tion-free scrap automobile incinerator, and 
stabilization of two large uranium mill 
tailings piles by vegetative and chemical 
methods. 

The grant program provided funds for 
development of methods for utilization of 
mine and mill wastes. A crystallized glass 
was made from copper tailings, a promis- 
ing refractory was produced from asbestos 
tailing waste, high-quality ferrites were 
fabricated from mill scale, and commer- 
cially competitive building bricks were 
made from copper and gold mill tailings. 

In cooperation with the American Petro- 
leum Institute, Bureau researchers com- 
pleted a fuel study in 1968 which found 


two options for lowering automotive emis- 
sions. One option is reduction in front-end 
volatility, and the other is a change in fuel 
composition while maintaining volatility. 
Either will reduce emissions when both fuel 
systems and exhaust contributions are con- 
sidered. 

The Bureau has nearly completed a 
cooperative study with the National Air 
Pollution Control Administration on diesel 
exhaust pollution. Also, preliminary work 
was initiated on measuring aircraft emis- 
sions. It was found that equipment of 
essentially the same design can be used 
for testing both automotive and aircraft 
emissions. | 

Coal Research.—Investigative research 
progressed in 1968 on conversion of coal to 
electricity. Field tests were made at lignite- 
burning powerplants to study the problems 
associated with lignite combustion. In the 
laboratory, electron microprobe analysis of 
boiler deposits showed that interaction be- 
tween sodium compounds and alumina 
silicates played a significant role in boiler 
fouling. A mathematical model was devised 
for combustion of coal in a magneto- 
hydrodynamic system. It showed that mag- 


REVIEW OF THE MINERAL INDUSTRIES 13 


net and generator costs can be considerably 
reduced by operating the generator below 
stoichiometric air-fuel ratios and by inject- 
ing additional air EE from the 
slag separator. 

In a study of conventional EE 
techniques, an experimental 500-pound-per- 
hour pulverized-coal-fired furnace success- 
fully underwent shakedown tests and was 
readied for tests using pulverized char as 
fuel. The development of an effective 
method for burning char is essential to the 
overall development of economical processes 
for converting coal to synthetic gaseous and 
liquid fuels, since char constitutes a sig- 
nificant portion of the product in the 
several conversion processes being investi- 
gated. In a pilot study of the combustion 
process, coals and chars were devolatilized 
under conditions simulating heating rates in 
a boiler. Heating rates of about 10,000? C 
per second were provided by metallic 
ribbons of filaments injected with short 
pulses of electrical energy. 

Further studies were conducted to evalu- 
ate the use of solid wastes from the 
combustion and mining of coal. Surface- 
mine spoil field areas, reclaimed with fly 
ash to counteract soil acidity, produced hay 
yields comparable to yields from other con- 
ventionally treated acreages in the same 
area. 

In non-energy-use research, field tests on 
the use of pulverized leonardite to stimulate 
plant growth showed that the yield of 
potatoes was increased 28 percent and that 
of soybeans as much as 280 percent over 
control plots. Minerals in a large variety of 
coals and coal-related materials were identi- 
fied by extended infrared spectrometry. A 
new freeze-crush technique, whereby coal 
samples are pulverized while submerged in 
liquid nitrogen, was developed for studying 
gases held in the coal matrix. Also, car- 
bonization research produced cokes of im- 
proved strength, and research was started 
to determine the feasibility of making 
metallurgical-grade coke from coals of 
marginal quality. 

Research conducted on methods for con- 
verting coal into liquid fuels showed that, 
in the reductive alkylation of coal, the 
solubility in benzene of the alkylated 
product increases as the carbon chain in 
the alkyl radical increases. Butylated coal 
was 96 percent soluble in benzene. Findings 
indicated that in the hydrogenation of coal 
with carbon monoxide and steam the 


extent of solubilization of coal is dependent 
on the oxygen content and type of linkage. 

Progress was made on development of a 
fluidized steam-oxygen gasification process 
operating at 40 atmospheres’ pressure. In 
this process, 60 percent of the potential 
methane of the coal is made during the 
gasification step, which significantly re- 
duces the cost of producing synthetic pipe- 
line gas. Using this gasification process and 
Bureau-developed purification and synthesis 
steps, the cost of pipeline gas would be 
very close to that for the natural product 
in some areas of the country. 

Petroleum Research. A technique for 
locating fracture trends by means of aerial 
photographs was developed in petroleum 
and natural gas research. It was used, along 
with subsurface studies, to determine possi- 
ble effects of the natural fracture system on 
gas storage reservoir performance. Also, 
investigation was made to see if wells used 
during withdrawal could be modified to 
increase the efficiency of the system. 

Long-term flow tests were initiated on gas 
from the nuclear-explosive-created chimney 
in the Gasbuggy experiment. The success 
of this first joint Government-industry ex- 
periment in the peaceful use of nuclear 
explosives, designed to release natural gas 
trapped in low-permeable rock, led to com- 
pletion of preparations for a second ex- 
periment. Project Rulison, to be conducted 
in Colorado—also a Government-industry 
sponsored experiment—will be the first 
test of the nuclear fracturing concept in 
what could be a commercially productive 
gasfield. 

To further the science of secondary re- 
covery of petroleum, work was completed 
on a combination method of predicting 
waterflood performance for five-spot pat- 
terns in stratified reservoirs. This computer 
method is attracting widespread interest in 
the petroleum production industry. Research 
on characterizing asphalt and the heavy 
ends of petroleum was directed to new 
methods of analysing these substances to 
yield knowledge required for better process- 
ing and utilization of these materials. 

Oil Shale Research.—In a pioneering 
experiment conducted in Sweetwater 
County, Wyo., with respect to the feasi- 
bility of retorting oil shale in situ, the 
Bureau successfully recovered oil from oil 
shale without mining it. The shale was 
fractured by applying high-voltage elec- 
tricity between wells drilled into the shale, 


14 MINERALS YEARBOOK, 1968 


pumping water down the wells under high 
pressure, and enlarging the resulting frac- 
tures by detonating a liquid explosive in 
them. The 20-foot-thick shale layer, begin- 
ning 68 feet below the surface, was ignited 
by a propane burner in the central well, 
and combustion was sustained by pumping 
air underground after shutting off the 
propane. Oil in the form of mist began to 
appear in peripheral wells only a few hours 
after propane shut-off, and reported pro- 
duction was as high as 4.5 barrels per day. 
The success of this test raises hopes for 
Project Bronco, a proposed Government- 
industry experiment involving in situ re- 
torting of shale fractured deep underground 
by a nuclear detonation. 

In other research aimed at retorting 
nuclear-fractured shale, a 150-ton-per-day 
retort was being constructed in Wyoming 
in which tests can be conducted on large 
random-sized pieces of shale, simulating 
conditions expected in a nuclear chimney. 

Research on the origin and nature of oil 
shale yielded information which can be 
used to predict properties and organic 
content of oil shales over wide areas. 

Economic Studies.—Emphasis was placed 
by the Bureau on supply and demand 
analysis of minerals and mineral fuels. 
Results of work completed in 1968 on a 
study of current and future demand for 
phosphate rock, potash, and nitrogen have 
just been published, and demand studies 
on iron and steel, aluminum, and copper 
were progressing. These studies seek to 
develop the general methodology for statis- 
tical analysis of supply and demand for 
important minerals, and to present results 
and implications of in-depth research on 
supply and demand for the principal min- 
erals and mineral fuels. As a result, mining 
and metallurgical research projects can be 
directed to the respective areas where cur- 
rent and future demand and supply im- 
balances are most critical. | 

In addition to studies on supply and 
demand, work progressed on studies of 
energy sources and uses, environmental 
health, and local and regional economic 
impact of adverse effects in the mining 
sector. Results of work completed in 1968 
on studies of sources and uses and inter- 
regional energy flows for coal, natural gas, 
utility electricity, and petroleum and 
natural gas liquids were published.* 

Studies in the area of environmental 
health were made with particular empha- 


sis on mineral-based products used in 
combatting noise, economic aspects of strip 
mine regulation, and the economic impact 
on localized producing areas of a shift in 
the demand from high- to low-sulfur coal. 

Four contract studies on non-fuels min- 
eral policy were in varying stages of 
completion. 

Health and Safety.—The Health and 
Safety Program in 1968 emphasized mine 
inspection, health and safety education and 
training, research and statistical analysis, 
and coalbed-fire control. The projects have 
as their principal objective the conserva- 
tion of human and natural resources in the 
mineral extractive industries. The Depart- 
ment of the Interior drafted proposed legis- 
lation in mid-1968 to replace and amplify 
health and safety measures in the Federal 
Coal Mine Safety Act. Bills were intro- 
duced into both Houses of the 90th Con- 
gress in September 1968; however, they 
lapsed with the adjournment of that Con- 
gress in mid-October. Only a little more 
than a month later, a series of underground 
mine explosions killed 78 coal miners near 
Mannington, W. Va. The disaster stimu- 
lated a significant escalation of public in- 
terest in coal mine safety and health, as 
well as forums conducted to air the urgency 
of safety measures. The Interior Depart- 
ment drafted still more comprehensive 
legislation, based on evidence from joint 
industry and Government conferences. At 
yearend, more than 1,800 individual 
standards had been prepared for publica- 
tion in the Federal Register as a Notice of 
Proposed Rule Making. 

Explosives and Explosions Research.— 
Recent investigation disclosed that adding 
certain inhibitors to relatively nonincendive 
formulations of sensitized ammonium 
nitrate-water slurry explosives increases 


3 Hee, Olman. A Statistical Analysis of U.S. 


Demand for Phosphate Rock, Potash, and Nitro- 
gen. BuMines Inf. Circ. 8418, 1969, 55 pp. 

t Broderick, Grace N. Supply and Demand for 
Energy in the United States by States and 
Regions, 1960 and 1965 (In Four Parts) 1. Coal. 
Int. Circ. 8401, 1969, 21 pp. 

Crump, Lulie H. Supply and Demand for 
Energy in the United States by States and 
Regions, 1960 and 1965 (In Four Parts) 3. 
Natural Gas. Inf. Circ. 8403, 1969, 8 pp. 

Crump, Lulie H. and Phillip N. Yasnowsky. 
Supply and Demand for Energy in the United 
States by States and Regions, 1960 and 1965 
(In Four Parts). 4. Petroleum and Natural Gas 
Liquids. Inf. Circ. 8411, 1969, 25 pp. 

Hal, Franklin P. and Grace N. Broderick. 
Supply and Demand for Energy in the United 
States by States and Regions, 1960 and 1965 
(In Four Parts) 2. Utility Electricity. Inf. Circ. 
8402, 1969, 11 pp. 
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their stability in maintaining basic char- 
acteristics for several months. These mate- 
rials can be packaged and used in gassy, 
underground noncoal mines. In cooperation 
with the U.S. Coast Guard, studies were 
made of hazards associated with the acci- 
dental spillage of large quantities of lique- 
fied natural gas, on or under the water 
surface, at the Bureau's new underwater 
explosive testing facility. In several in- 
stances, minor explosions occurred when 
cryogenic liquid entered the water. No 
explanation is presently available for such 
phenomena. 

Research findings indicate that bromo- 
trifluoromethane (Halon 1301) is a rela- 
tively effective fire extinguishant for gas- 
or liquid-fired flame, but is relatively in- 
effective on fires in coalbeds except for its 
inhibition of the carbon monoxide to carbon 
dioxide reaction. 

Other research included investigation of 
radiation intensity distribution for the cross 


section of a laser beam, the determination 
of the minimum ignition energy for differ- 
ent size coal particles in that beam, and 
the determination of minimum air velocities 
required to disperse Pittsburgh-seam coal 
dustbeds. 

Helium Conservation.—The helium con- 
servation program in 1968 stressed the 
maximum beneficial use of helium resources 
in the United States for production and 
sale of helium for current use, the acquisi- 
tion and storage of helium that would 
otherwise be wasted when helium-bearing 
natural gas is used for fuel, and helium- ` 
oriented research and development. Acquisi- 
tion and storage of helium is aimed at 
assuring a reserve supply after presently 
known helium resources are depleted. 
Research is presently focused on improving 
processes and reducing costs of helium 
analysis, extraction, and purification, and 
on improving liquid-helium handling tech- 
nology. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Much of Government legislative activity 
in 1968 with respect to the minerals and 
mineral fuels industries was directed to coal 
mine safety, with auxilary thrusts focused 
on solid waste disposal, gas pipeline safety 
measures, and expanded wilderness areas 
which contain reserve mineral deposits. 

Several bills were introduced in the 90th 
Congress during late 1968 to strengthen 
existing legislation in coal mine safety. 
Special emphasis was directed to more 
frequent mine inspection, distinction be- 
tween gassy and nongassy mines, and 
authority to instantly close down potentially 
hazardous mines. However, these bills 
lapsed with the adjournment of that Con- 
gress in mid-October. 

Some pieces of legislation passed by the 
90th Congress indirectly affect Bureau of 
Mines operations. Public Law 574 extended 
the Solid Waste Disposal Act through 1970. 
The Gas-Pipeline Safety Law, designated 
as Public Law 481, gave the Secretary of 
Transportation authority to regulate pipe- 
line installations. The natural gas industry 
was requested to conform with regulations 
with respect to bringing interim construc- 
tion and continuing construction of lines 
up to prescribed standards. The passage of 
the Expanded Wilderness Act (in the form 
of six interrelated laws) contained certain 
provisions with respect to additional wilder- 


ness areas to be set aside for conservation 
purposes, and prescribed particular provi- 
sions with respect to mineral deposits. 

Major legislation in 1968 with respect to 
the national economy centered on the 10- 
percent tax surcharge. Congress was reluc- 
tant to enact tax legislation in the last half 
of 1967 and the first half of 1968, believing 
that the economy was not expanding at an 
excessive rate. The first impact of this 
delayed approval of tax enactment was 
further strong and inappropriate expansion. 
The evidence of excessive demand, rising 
prices, and deteriorating trade balance was 
compelling, and these developments to- 
gether with the international financial crisis 
in March 1968 and the mid-May accelera- 
tion of interest rates to record high levels 
prompted Congress to pass the Revenue 
and Expenditure Control Act of 1968, 
which was signed into law by the President 
on June 28. 

With respect to the national stockpile 
program, strategic materials held in Gov- 
ernment inventories at yearend 1968 
amounted to $69 billion at acquisition cost, 
essentially the same as in 1967, and 
approximately the same amount when cal- 
culated at market value. Of the total mate- 
rials in Government inventories, $3.6 bil- 
lion at cost, or $3.3 billion at estimated 
market value, were considered to be in 
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excess of conventional stockpile objectives. 
Over 78 percent of the market value of 
that excess was made up of 11 materials: 
Aluminum, bauxite (Jamaica and Surinam), 
metallurgical-grade chromite, cobalt, in- 
dustrial diamond stones, lead, metallurgical- 
grade manganese, nickel, tin, tungsten, and 
zinc. Major mineral stockpile items sold in 
1968 were aluminum, metallurgical chrom- 
ite, cobalt, silver, mercury, tungsten, and 
zinc. During 1968, Congress authorized 
the disposal of beryl ore and magnesium 
valued at $40 million. Total stockpile dis- 
posal of mineral commodities during calen- 


dar year 1968 was valued at $224.5 million, 
or 23 percent less than in 1967. 

Continued exploration for new domestic 
sources of strategic and critical mineral 
commodities was encouraged by Govern- 
ment assistance under the Office of Min- 
erals Exploration (OME) program. During 
fiscal 1968, 18 contracts representing Gov- 
ernment funding of $0.7 million were ex- 
ecuted. The principal commodities toward 
which the program was directed were gold, 
silver, mercury, and copper. This program, 
initiated in behalf of small mine operators, 
has been an important factor in maintain- 
ing adequate supplies of vital minerals. 


WORLD REVIEW 


World Economy.—Gross national prod- 
uct (GNP) in the major industrial coun- 
tries continued to rise during 1968, but the 
rates of growth varied widely among coun- 
tries. In Japan the current GNP rose 18.5 
percent while in Canada the increase was 
8.5 percent. United States GNP rose 9 
percent in money terms and 5 percent in 
real terms. Industrial production similarly 
increased at widely varying rates, with 
Japan again experiencing the largest in- 
crease. Japanese industrial production rose 
17.3 percent in 1968, and German indus- 
trial production rose 12.3 percent. In con- 
trast, the U.S. increase in industrial pro- 
duction was 4.5 percent. 


World Production.—Gains were made in 
world output of minerals and mineral fuels, 
especially for metallic ores and for metals, 
smelter basis (see table 63). Increases in 
U.S. production of metallic ores and 
smelter output of metals, as a percentage of 
total world production, were mixed. For 
some of the more important categories, such 
as iron ore, bauxite, aluminum, and mag- 
nesium, the percentage represented by U.S. 
production was down slightly or unchanged. 
For smelter tin and zinc, the percentage 
represented by U.S. production was up. 
World production of the majority of 
important nonmetallic minerals was up. 
Production of nitrogen and phosphate rock 
rose 14 and 7 percent, respectively, while 
that for potash and elemental sulfur showed 
considerably less increase. Crude petroleum 
production showed the biggest increase in 


the last several years, reaching a total of 
14.1 billion barrels, 9.3 percent more than 
in 1967. 


World Trade.—Mineral trade grew at a 
moderate rate in 1967 (the latest year for 
which data are available). Value of world 
trade in metals, metal ores and scrap, and 
mineral fuels grew 6 percent in 1967, to a 
total of $44 billion. Total mineral exports 
from the United States increased moder- 
ately in 1967; exports from Europe in- 
creased at a relatively slower rate. Within 
Europe, the European Economic Commu- 
nity enjoyed a greater rise in exports than 
the European Free Trade Association. 
Exports from both trade groups increased 
more slowly than U.S. exports. Mineral 
fuels continued to constitute a large part of 
world mineral trade. 


World Prices.—World export price in- 
dexes for metal ores were unchanged in 
1968 compared with 1967, but for mineral 
fuels they were down 1 index point (table 
64). The quarterly indexes for metal ores 
showed a marked rise in the first quarter, 
while for the last three quarters prices fell 
below those of 1967. For mineral fuels, the 
quarterly indexes showed a falling off in 
price after the first quarter. Export prices 
of total minerals were down slightly in the 
more developed nations, and unchanged in 
the less developed countries. Prices for 
nonferrous base metals were moderately up 
in both the more developed and the less 
developed nations. 
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Table 1.—Value of mineral production, imports, and exports, by groups 


(Millions) 
1964 1965 19 66 
Mineral group ! ————————— —6—můdĩͤ kx ⁊ k ²ꝛq ß N ——— PO qM 
Produc- Imports Exports Produc- Imports Exports Produc- Imports Exports 
tion tion tion 
-Metals and nonmetals 
except fuels: 
Nopnmetals $4,623 $323 $141 $4,933 $354 $185 $5,176 $412 $228 
Metals 2, 366 917 151 2,544 973 154 2,703 1,192 158 
eee! ss 6,989 1,240 292 7,477 1,327 339 7,879 1,604 386 
Mineral fuels 13,623 1,250 471 14,047 1,295 487 *16,088 1,311 490 
Grand total 2 20,612 2,490 763 21,524 2,622 826 v 22.968 2,915 876 
1967 1968 


Production Imports Exports Production Imports Exports 


Metals and nonmetals 
except fuels: 


Nonmetals........... r $5,206 $414 $241 $5,452 $490 $246 
Metals. ............- 2,933 r 1,117 171 2,703 1,160 241 
Total... secs r 7,539 1,531 412 8,165 1,650 487 
Mineral fuels... ......... r 16,195 1,289 r 601 16,820 1,430 546 
Grand total 2 223,734 2,820 1,018 24.974 3,080 1,083 — 
r Revised. 


1 For details, see the “Statistical Summary" chapter of this volume. 
2 Data may not add to total shown, because of rounding. 


Table 2.—Value of mineral production by group, 1957-59 constant dollars 


(Millions) 
Mineral group 1964 1965 1966 1967 * 1968 

Metals and nonmetals except fuels: 
Nonmetals___._......------..-------------- $4,537 $4,836 $4,972 $4,930 $5,086 
Metall... nc eee cel ess eg 2,098 2,132 2,258 1,949 2,138 
fo | Daren et ne R-tree AA A T Ee 6,635 6,968 7,230 6,879 7 ,224 
Mes; ð ⁰⁰ꝛk;x thighs mw He 13,831 14,232 15,082 15,987 16,410 

pur MÀ [——YT n r —VmF  —— À MÀ À—ÀÀ— À — 

Grand total!! 20,466 21,200 22,312 22, 866 23 , 634 


* Revised. 
1 Value deflated by the index of implicit unit value. 
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Table 3.—Indexes of the physical volume of mineral production, by group and subgroup 


(1967-59 =100) 


1964 1965 1966 1967 1968 » 


Metals: 
P ²⁵²˙ ’ũT᷑0 ³ ꝛ ˙¾˙¾ . eb cose ces 108.3 110.4 119.1 109.0 111.2 
Nonferrous: 
UÜ;L ́] EE 125. 8 135.8 142.2 102.5 123.4 
Monetary.. «„ „vZ. 92.0 105. 0 112.5 92.7 91.1 
G«§ö;é—?o“ m ]ꝛ˙*2w 7˙ mvv vv eee 114.3 98.2 98.1 111.4 122.4 
%%% urpu TLS eaves 119.4 124.1 129.2 103.3 119.4 
Average, all metals 113.9 117.3 124.2 106.1 115.4 
Nonmetals: 
Construetión...ainaslccadasesc2eBmeseccesedup.esee 126.2 129.9 136.5 132.4 136.4 
Chemicals enee eebe 132.1 151.8 167.1 172.6 170.7 
Other %%% ↄ en ett ⁵⁵ a ME 119.0 127.9 136.0 129.7 130.6 
EEN d M LEE 126.9 133.5 141.7 189.1 141.9 
Fuels 
e SE ets eee eee Sees 108.2 112.6 116.4 119.8 118.3 
Crude oil and natural gas 113.8 116.6 124.0 131.6 137.3 
CEET 114.0 117.3 124.1 131.1 135.8 
Average, all minerals 116.7 120.7 127.8 130.5 135.2 


P Preliminary. 
1 Does not cover isopentane, LP gases, and other natural gas liquids. 


Table A. Federal Reserve Board indexes of industrial production, 
mining and selected mineral and mineral fuels related industries 


(1957-69 —100) 


1964 1965 1966 1967 1968 » 


COB a Tf ĩðâAAA ee S 107.1 113.3 117.0 120.4 117.8 
Crude oil and natural gas: 
idee ee) Sete ees SZ ees 109.9 111.9 119.3 126.3 180.6 
Gas and gas liquids. ......................... 136.1 143.0 152.0 163.5 172.6 
A Verage EE 110.4 112.3 118.0 123.1 126.5 
Average coal, oil, and eng 109.8 112.5 117.8 122.7 125.0 
C/ ee 117.4 124.2 133.4 120.3 126.4 
Stone and earth minerals 118.7 126.5 133.5 135.4 137.7 
E r CA LS LE 118.1 125.5 133.5 128.9 132.9 
Average mining 111.3 114.8 120.5 123.8 126.4 
Industrial production: 
Primary net . .. . . . . .............-.- 129.1 137.6 142.7 132.5 137.3 
Iron and te!!.dddddddd cei seek 126.5 133.6 136.2 126.8 131.0 
Nonferrous metals and products 138.3 152.2 166.2 153.2 160.1 
Clay, glass, and stone products. ..................- 126.0 133.5 140.7 138.7 146.2 
Average industrial production..................- 132.3 143.4 156.3 158.1 165.4 


P Preliminary. 
! Includes oil and gas drilling. 


Source: Board of Governors of the Federal Reserve System. Federal Reserve Bulletin. February-June 1969. 
A description and historical data are available in Business Indexes, Industrial Production, 1957-59 Base, pub- 
lished by Federal Reserve Board, montnly. 
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Table 6.—Production of mineral energy resources and 
electricity from hydropower and nuclear power 


(Trillion Btu) 


Bituminous Natural Electricity 2 

Year Anthra- coal and gas, wet Crude! ——————————————— Total 

cite lignite (unproc- petroleum Hydro- Nuclear 

essed) power power 
(Cr I bee ee oe ———— 436 12,759 17,056 15,690 1,861 34 47,836 
1965... ve Om oe S 378 13,417 17,652 15, 930 2,051 39 49,467 
133%... 8 329 13,988 18,894 16,925 2,062 58 52,256 
1967.1 1222 emo ee cecus 311 £14,479 20,087 18,098 2,344 81 55,400 
“.. . 291 14,279 21,372 18,880 2,352 130 57,304 


P Preliminary. 

! Heat values employed for crude petroleum are 1964, 5,630,254 Btu per barrel; 1965, 5,531,000 Btu; 1966, 
5,257 ,440 Btu; 1967, 5,628,540 Btu; and 1968, 5,671 420 Btu 

2 Hydropower and nuclear power ‘include installations owned by manufacturing plants and mi ies as well as 
Government. and privately owned public utilities. The fuel equivalent of hydropower and nuclear power is 
calculated from the kilowatt-hours produced, converted to theoretical energy resources inputs calculated from 
prevailing average heat rates at central electric stations, using 10,504 Btu per kilowatt-hour in 1964, 10,530 

tu in 1965, 10,586 Btu in 1966, 10,582 Btu in 1967, and 10,582 Btu i in 1968. 
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Table 8.—Calculated gross consumption of mineral energy resources, and electricity 
from hydropower and nuclear power in British thermal units (Btu), 
and percent contributed by each* 


Bituminous Petroleum Natural Electricity 

Year Anthra- coaland Natural (excluding gas — P Total 

cite lignite gas, dry natural liquids Hydro- Nuclear 

gas liquids) power power 

TRILLION BTU 
1964. 365 11,295 15, 562 20, 590 1,796 1,878 34 51,515 
196 328 12,030 16,098 21,364 1,877 2,049 39 53,785 
1966...........- 290 12,740 17,393 22,405 1,989 2,078 58 56, 948 
1967....---.----- 274 12,587 18,250 28,191 2,144 2,841 81 58,868 
1968 5 258 13,069 19,564 24,758 2,286 2,859 130 62,424 
PERCENT 

1964...........- 0.7 21.9 .2 8.5 8.6 0.1 100.0 
1965-...... .. 6 22.4 29.9 89.7 8.5 8.8 .1 100.0 
1966...........- 5 22.4 80.5 89.4 8.5 8.6 .1 100.0 
19677 5 21.4 31.0 39 3. 6 4.0 1 100.0 
1968 »........... 4 20.9 1.3 8.7 8.8 .2 100.0 


P Preliminary. 

1 Heat values employed are anthracite, 12,700 Btu per pound; bituminous coal and lignite, 18,100 Btu 
per pound. Weighted average British thermal units for petroleum products obtained by using 5,248,000 gasoline 
and naphtha-type jet fuel, 5,670,000 kerosine and kerosine-type jet fuel, 5,825,000 distillate, 6,287,000 residual, 
6,064,800 lubricants, 5,537,280 wax, 6,636,000 asphalt, and 5,796,000 miscellaneous; natural gas dry, 1,085 Btu 
per cubic foot in 1964, 1,032 Btu thereafter; natural gas liquids weighted average British thermal units in 1964 
and 1965 based on production of natural gasoline and cycle products at 110,000 Btu per gallon, and LP gas, 
including ethane, at 95,000 Btu per gallon; 1966 and thereafter ethane production converted at 73,390 Btu per 
gallon. Hydropower (adjusted for net imports or net exports) and nuclear power are derived from net electricity 
generated, converted to theoretical energy resources inputs calculated from prevailing average heat rates at 
central electric stations using 10,504 Btu per kilowatt-hour in 1964, 10,580 Btu in 1965, 10,586 Btu in 1966, 
10,582 Btu in 1967, and 10,582 Btu in 1968. 
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Table 9.—Gross consumption of energy resources, by major sources and consuming sectors 


(Trillion Btu) 
Bituminous Natural Total Utility Total 
Year  Anthra- coal and gas, Petro- Hydro- Nuclear gross electricity sector 
cite lignite dry ! leum ? power? power? energy pur- energy 


inputs‘ chased’ inputs . 


HOUSEHOLD AND COMMERCIAL 


1964. 7191 560 5,814 5,190 AA detasont 11,255 1,795 13,050 
1965. 7 168 546 5,518 5,635 8d clie: 11,867 1,948 13,815 
1966. . 143 575 5,945 5 (00 88öo ` Së 12,429 2,101 14,580 
1967. 128 497 6,223 6,208 . esc ecece 13, 054 2,257 15,311 
1968 ». 121 447 6,451 0,581. 1.2.22 ee 18,600 2,469 16 ,069 
INDUSTRIAL 
1964. . ? 115 5,362 7,997 . Izxnozls 17,058 1,544 18,602 
1965. 7101 5, 640 7.671 „I exu 17, 550 1,634 19,184 
1966. - 88 5,806 8,208 4,952. mui. ume eius 18,449 1,788 20,287 
1967.. 90 5, 553 8, 599 8 Goles 18, 540 1, 868 20, 408 
1968 v. 80 5,536 9,258 % E 19,848 2,048 21,891 
TRANSPORTATION 8 
1964. . NA 20 448 11,791 AAA 12,269 17 12,276 
1965.. NA 19 517 12,119 ilz 222922 12,715 18 12,733 
1966.. NA 18 553 I2 dT. inum cene 18,348 16 13,864 
1967. NA 14 594 19,542 ᷣ ͤKͤ„-uU mean 14. 150 17 14. 167 
1968 v. NA 12 610 14,513 22 ux. eres 15,185 18 15,158 


ELECTRICITY GENERATION, UTILITIES š 


1964. 57 5, 353 2,403 636 1,873 34 10,356 8,856 ........ 
1965.. 55 5,825 2,9392 144 2,049 89 11,104 8,600 ........ 
1966. . 56 6,841 2,692 905 2,078 58 12,125 8,905 ........ 
1967.. 55 6, 528 2, 884 1,018 2,941 81 12,847 4,142 .......- 
1968 ». 56 7,074 3,245 1,181 2,859 130 14, 045 4,530 


MISCELLANEOUS AND UNACCOUNTED FOR 


1964. EZ ee 583ö 8 DET. 2322295. 8 
1965. . „FF SI. `S D AC 
1966.. 8 cesses 516. cc UN O90 veier eee 
1967 I ee . eleme EE eebe. ee 
1968 ». Ebo onizcisso wezeeesr 2900. lzxeccet! Sesecces 298. .-ewesca. 8 
TOTAL GROSS ENERGY INPUTS 
1964. 865 11,295 15,562 22, 886 1,878 94 DI.DID ..212:.2-29 omesscuwx 
1965. . 828 12,030 16,098 23,241 2,049 89 77 Reese 
1966.. 290 12,740 17 ,393 24,894 2,078 58 56 % %/ꝙchſla» 2x 
1967. 274 12,587 18,250 25, 885 2,941 81 58868 8 
1968 v. 258 13, 069 19, 564 27,044 „359 130 62,424. ¶ ⁰ ͤ Q 


P Preliminary. NA Not available. 

1 Excludes natural gas liquids. 

2 Petroleum products including still gas, LRG, and natural gas liquids. 

3 Represents outputs of hydropower (adjusted for net imports or net exports) and nuclear power converted to 
theoretical energy inputs calculated from prevailing average heat rates at central electric stations using 10,504 
Btu per kilowatt-hour in 1964, 10,580 Btu in 1965, 10,586 Btu in 1966, 10,582 Btu in 1967, and 10,582 Btu in 
1968. Excludes inputs for power generated by nonutility plants which are included within the other consuming 
sectors. 

* Gross energy is that contained in all types of commercial energy at time it is incorporated in the economy, 
whether energy is produced domestically or imported. Gross energy comprises inputs of primary fuels (or the 
derivatives) and outputs of hydropower and nuclear Power converted to theoretical energy inputs. Gross energy 
includes energy for production, processing, and transportation of energy proper. 

$ Utility electricity, generated and imported, distributed to the other consuming sectors as energy resource 
inputs. Distribution to sectors is based on historical series in the Edison Electric Institute Yearbook. Conver- 
sion of electricity to energy equivalent by sectors was made at the value of contained energy corresponding to 
100-percent efficiency using & theoretical rate of 8,412 Btu per kilowatt-hour. 

6 Ene resource inputs by sector, including direct fuels and electricity distributed. 

? The household and commercial and industrial sectors include an estimated breakdown of undistributed 
energy formerly included under miscellaneous and unaccounted for. 

5 Includes bunkers and military transportation. 
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Table 10.—Estimated gross consumption of energy resources in the mineral and 
manufacturing industries, by major sources of energy 
within selected two-digit SIC industry groups, 1968 P 


Anthracite Bituminous coal Natural gas, 
SIC and lignite dry ! 
code Industry group — — — — 
Thousand Trillion Thousand Trillion Billion Trillion 
short tons Btu short tons Btu cubic feet Btu 
20 Food and kindred products. .... 145 8 8,480 260 575 598 
26 Paper and allied products. ..... 268 7 14,888 460 330 841 
28 Chemicals and allied products. . 268 7 21,488 659 1,181 1,219 
29 Petroleum refining and 
related industries. (5) (5) 981 1,012 
82 Stone, clay, glass, and con- 
crete produets 79 2 13,008 404 485 449 
88 Primary metal industries 2,085 58 99,318 2,785 836 863 
mineral and other manu- 
facturing industries 817 8 81,283 968 4,633 4,781 
Total... uu 2 ¿us 8,152 80 188,450 5, 586 8, 971 9,258 
Total Utility Total 
Petroleum gross electricity sector 
energy purchased ? energy 
————————————— inputs, ———————————— inputs, 
Million Trillion trillion Billion Trillion trillion 
barrels Btu Btu kwhr Btu’ Btu 4 
20 Food and kindred products. ... 22 134 990 85.9 128 1,118 
26 Paper and allied products. ..... 85 211 1,019 29.9 102 1,121 
28 Chemicals and allied products 802 1,426 8,311 178.6 592 8,909 
29 Petroleum refining and related 
industries 264 1,589 2,601 24.0 82 2,688 
82 Stone, clay, glass, and con- 
crete products.............- 14 87 942 29.9 102 1,044 
88 Primary metal industries 59 806 4,007 137.7 470 4,477 
All mineral and other manu- 
facturing industries 116 721 6,478 167.7 572 7,050 
//; Eee 812 4,474 19,348 598.7 2,043 21,891 
p Prelim 


inary. 

1 Excludes natural gas liquids. 

2 Petroleum products including still gas, LRG, and natural gas liquids. 

3 Utility electricity, generated and imported, "distributed to the industrial sector as resources inputs. Dis- 
tribution is based on historical series in the Edison Electric Institute Yearbook. Conversion of electricity to 
energy equivalent was made at the value of contained energy corresponding to 100-percent efficiency using a 
theoretical rate of 83,412 Btu per kilowatt-hour. 

En resource "in uts, including direct fuels and electricity distributed. 

5 Included in “‘All eral and other manufacturing industries.“ 
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Table 11.—Domestic supply and demand for coal 


ANTHRACITE 
Supply: 
Production 222. eee eee 


Bid! 4e o nzweSis ee E 
Stock change: withdrawals (+), additions ( —)- 
Losses, gains, and unaccounted for 


Demand by major consuming sectors: ? 
Household and commercial *................. 
Industrialil „ 
Transportation ““ 2 LL eee 
Electricity generation, utilities 
Miscellaneous and unaccounted for 


BITUMINOUS COAL AND LIGNITE 
Supply: f 
Production sorote a 


Stock change: withdrawals ( +), additions () 
Losses, gains, and unaccounted for 


Demand by major consuming sectors: 
Fuel and power: 
Household and commercial 
Industrial 5____ ee us 


Coal carbonized for eoke? 
Transportation °_._. LLL LLL eee 


Electricity generation, utilities 


d 
EE LS V — asss CEET DEE EUN BRE E EROR T EMBED 


Raw material: Industrial: ° 
Crude light oil____ gd 
Crude coal ta 


P Preliminary. NA Not available. 
! Includes use by producers for power and heat. 


? Includes shipments to U.S. Armed Forces in West Germany. 
3 Except for small quantities used as raw material for coal chemicals, all anthracite represents fuel and power. 
Data represent retail deliveries to other consumers.” These are mainly household and commercial users, 


with some unknown portion of use by small industries. 


1967 
Thousand Trillion 
short tons Btu 
12,256 811.3 
—1,422 —86.1 
NA NA 
— —94 — 9 
10,800 274.3 
5,035 127.9 
3,529 89.6 

i (7) 
2,186 55.5 
50 1.3 
10,800 274.8 
552,626 14,478.8 
—49,510 —1,297.2 
227 5.9 
—18,600 —481.3 
—4, 327 —113.3 
480,416 12,586.9 
17,099 497.0 
186,063 5,408.1 
(92, 272) (2, 682. 0) 

467 13 
271,784 6, 522. 8 
475,413 12,441. 5 
1,261 36. 6 
3,742 108. 8 
5,003 145.4 
480,416 12,586.9 


1968 » 
Thousand Trillion 
short tons Btu 

11,461 291.1 
—1,301 —83.0 
NA 
10,160 258.1 
4,759 120.9 
8,152 80.1 
(7) (7) 
2,208 56.0 
46 1.1 
10,160 258.1 
545,000 14,279.0 
— 50,687 —1, 326.7 
155 4.1 
＋11, 105 +291.0 
—6,793 —178.1 
498,830 13,069.3 
15,224 447 .2 
183,442 5,389.0 
(90, 765) (2, 666.4) 
417 12 
294, 739 7,078.7 
493,822 12,922.2 
1,195 85.1 
8,818 112.0 
5,008 147.1 
498,830 13, 069.3 


5 Includes consumption by coke plants, steel and rolling mills, and other industrial uses. 


5 Includes bunkers and military transportation. 


? Data not available. Believed to be small and of minor significance. 


$ Figures in parenthesis are not added into totals. 


? Coal equivalent based on British thermal unit value of raw materials for coal chemicals. 
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Table 12.—Domestic supply and demand for natural gas 
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1967 1968 p 
Million Trillion Million Trillion 
cubic feet Btu cubic feet Btu 
Supply: 
Production 114 18,171,325 20,086.9 19,322,400 21, 372. 4 
Exports______. md mm „614 —84.2 —93,745 —96.7 
Imports. — ß he u See 564,226 582.3 651,885 672.7 
Stock change: withdrawals (+), 
additions () —184,829 —190.7 —95,539 —98.6 
Transfers out, extraction loss: —'T84 ,535 —2,143.8 —827, 877 2, 286. 0 
, gains, and unaccounted foͤprpᷣ—rr eM nm ⅛( ee 
r ĩðWꝛ ut 17,684, 573 18, 250. 5 18,957, 124 19, 563.8 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial 6,029,855 6,222.8 6,250,997 6,451.0 
Industrial 3___ ...-------------- 7,885,653 8,138.0 8,530,331 8,803.3 
Transportation 575, 752 594.2 590, 965 609.9 
Electricity generation, utilities 2,746, 352 2,834.2 3,143,858 3,244.5 
OUR scies nce Ae us su n 17,237,612 17,789.2 18,516,151 19, 108.7 
Raw material: Industrial: ‘ 
Carbon black. ................. 108,961 112.5 104,973 108.4 
Other chemicals 5______.__._.__- 338,000 948.8 336,000 346.7 
TOUR]. bee cee i4 see ccs 446,961 461.3 440,973 455.1 
Grand total 17,684,573 18,250.65 18,957,124 —  19,563.8 


P Preliminary. 

1 Marketed production includes wet gas sold or consumed by producers, losses in transmission, producers’ 
additions to storage, and increases in gas pipeline fill; excludes repressuring and vented and wasted. British 
thermal unit value of production is for wet gas prior to extraction of natural gas liquids. Higher values assigned 
to extraction loss are reflected in value of production for each year. 

2 Extraction loss from cycling plants represents offtake of natural gas for natural gas liquids as reported 
to Bureau of Mines. Energy equivalent of extraction loss is based on annual outputs of natural gasoline and 
associated products at 110,000 Btu per gallon, annual outputs of LPG at 95,500 Btu per gallon, and annual 
outputs of ethane at 73,390 Btu per gallon. (Prior to 1967, ethane production was included with LPG in 
converting to Btu values.) ‘ 

3 Includes transmission losses of 296, 214 million cubic feet in 1967 and 325,062 million cubic feet in 1968. 

4 Includes some fuel and power used by raw materials industries. 

5 Estimated from partial data. 
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Table 13.—Domestic supply and demand for petroleum’ 


1967 1968 » 
Million Trillion Million Trillion 
barrels Btu barrels Btu 
Supply: 
rude oil:? 
Production 3,215.7 18,099.7 3,328.9 18, 879.6 
Exports JJ. ——— r —26.5 —149 .2 — 4. taya 2 
Importi s- x 411.7 2,317.3 3 472.3 2,678.6 
Stock change: withdrawals (+), addi- 
itions (— prr —10 ° 6 —59 ° 7 —23 Ee —131 . 5 
Losses and transfers for use as crude...... —7.7 — 43.3 —1.8 —10.2 
Töläl -ocet 6868 ³ A 3, 582. 6 20, 164.8 3,774.4 21, 406.9 
Petroleum input runs to stills: 
eee, A sce Sus s 3, 582. 6 20, 164. 8 3,774.4 21, 406. 3 
Transfers in, natural gas liquids ` 244.8 1,131.0 259.4 1, 198.4 
Other hydrocarbons 3.4 19.0 
AE ³˙¹⸗¹Vm. ⁰⁰ A 8 3,827.4 21, 295.8 4,087.2 22, 623.7 
Output: 
Refined products 3,827.4 21, 295.8 4,037.2 22, 623.7 
Unfinished oils, ne. 34.2 215.0 26.2 164.7 
Overage or los 106. 6 593.1 116.7 654.0 
r ³W¹¹ a a ee 3,968.2 22,103.9 - 4,180.1 28 ,442.4 
E e d EE 514.3 8,166.5 566.1 3,289.2 
e . ae —85.5 —494.1 —83.4 —479 .9 
Stock change, including natural gas liquids. .. ... —52.4 —289 .6 —32.2 —177.7 
nsfers in, natural gas liquids 4 5 269.7 1,012.8 290.9 1,087.6 
e gains, and unaccounted for- —29.8 —164.7 —21.8 —117. 5 
dv Tt HEES 4,584.5 25 ,834.8 4,900.2 27,044. 1 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial.............. 940.7 5,289.0 1,000.8 5,597.6 
Industrial... ² y r ue re wh LE 470.9 2,819.9 480. 6 2, 874. 0 
Transportation 2.2 2 e ee 2,497.1 18 ,407.7 2,674.9 14, 867. 3 
Electricity generation, utilities. 161.3 1,012.8 188.0 1,180.6 
Other, not specified... ................- 32.8 187.9 84.8 196.5 
dis] ]˙Ü˙¹ͤ¹1AAA ma eee 4,102.8 22,711.38 4,379.1 24,216.0 
Raw material:? 
Petrochemical feedstock offta ce 231.5 1,053.4 253.8 1,154.2 
Other nonfuel use 234.2 1,475.7. 249.9 1,576.1 
e i. | eee ct ce Dade u ss 465.7 2,529.1 503.2 2,729.8 
Miscellaneous and unaccounted for 16.0 88.4 17.9 98.8 
Total — - ee — e < < D e b D a» GP CP op «D e < x x c» "P em C» c» ear D ep D e gr gr e e 4, 584. 5 26, 834.8 4,900.2 27 ,044.1 


p Preliminary. 
1 Supply and demand for crude oil and petroleum products. Petroleum products include products refined 
and processed from crude oil, including still gas and LRG; also natural gas liquids transferred from natural 


2 Btu value for crude oil for each year shown is based on average British thermal unit value of total output. 
of petroleum products (including refinery fuel and losses) adjusted to exclude natural gas liquids inputs and 
cand Impheity derived values. Value for net imports of crude is based on the average value of crude runs 

8 LÀ 

3 Includes some Athabasca hydrocarbons. 

4 Btu values for natural gas liquids for each year shown are implicitly derived from weighted averages of 
roduction of major natural gas liquids, derived by converting natural gasoline and cycle products at 110,000 
tu per gallon, LPG at 95,000 Btu per gallon, and ethane at 73,390 Btu per gallon. 

Includes natural gas liquids other than those channeled into refinery input as follows: Petrochemical 
feedstocks, direct uses for fuel and power, and other uses. 

* Includes bunkers and military transportation. 

? Includes some fuel and power used by raw materials industries. 
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Table 15.— Electrical energy sales to ultimate consumers 


(Million kilowatt-hours) 
Total Industrial Total Industrial 
consumption Residential and consumption Residential and 
Region commercial commercial 
1964 1965 
New England.............. 84,207 12,013 20,889 36,984 12,813 22,806 
Middle Atlantic............ 135,255 36,152 89, 898 145, 248 38, 850 96,783 
East North-Central......... 182,871 49,058 126,920 193,539 52,544 133,919 
West North-Central........ 57,500 22,570 32,978 61,335 23,8 35,458 
South Atlantic. ...........- 120,891 41,482 75,004 132,883 45,178 82,932 
East South-Central......... 102,776 25,489 75,988 106,314 26,811 78,118 
West South-Central......... 83,938 25,100 54,574 92,586 27,396 60,602 
Mountain................- 41,045 10,957 28,332 43,086 11,445 29,913 
Pacific... -2-2-2-2 129,026 38,150 86,576 138,376 40,939 93,085 
Alaska and Hawaii.......... 2,847 1,039 1,741 3,063 1,130 1,861 
Total United States 890,356 262,010 592,895 953,414 280,970 635,477 
1966 1967 

New Englanßd 40, 184 13, 883 24, 877 43,361 15, 437 26,496 
Middle Atlantic............ 156,302 42,088 104,153 164,125 45,410 108,184 
East North-Central......... 207,521 57,005 142,858 219,554 61,238 149,630 
West North-Central........ 66,030 25, 803 38, 579 71,481 21,138 41,950 
South Atlantic. ` 148,757 50,920 92,723 161,567 55,692 99,916 
East South-Central......... 112,594 29,589 81,463 115,851 31,166 83,027 
est South-Central________- 102,760 29,753 68,071 113,125 82,739 74,872 
Mountain. ...............- 47,198 12,813 33,100 49,342 13,157 88,774 
IN EE 154,302 44,502 103,093 164,998 48,210 108,502 

Alaska and Hawaii 3,334 1,216 2,038 ,619 1,338 2,1 
Total United States... 1,038,982 306,572 690,955 1,107,023 331,525 728,535 


Source: Edison Electric Institute. Statistical Yearbook of the Electric Utility Industry. 1964 through 1967. 
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Table 18.—Value of selected minerals and mineral products imported and exported 


by the United States in 1968, by commodity groups and commodities ' 


Imports 


62,082 
150,493 


805,748 


453 , 753 
13 ,068 
467, 537 
57, 856 
3,874 
563 


996, 650 


16,665 


1,280,627 
1,034,808 


166,819 


2,498,920 


201,126 


280 , 557 


41,936 
40 ,826 
21,902 


104,664 


1,275,302 3,990,384 


(Thousands) 
Commodity Exports 
Minerals, nonmetallic (crude): 
Fertilizers, ꝗ ũ ůù!Üvmñy]ĩ]j7 ⅛ 0 0; y M $105,921 
Stone, sand and gravel__..._-.----..--.------.-------------------- 16,845 
Sulfur and unroasted iron pyrites 37 ĩ»» ( 68,619 
Natural abrasives (including industrial diamonds). ..................- 32, 564 
Other crude minerala .-.----------------2222-uanmoMnMMM 100,487 
CC rc 324,437 
Metals (crude and scrap): 
Iron ores and concentrate s 70,835 
Iron and steel sera 200,748 
Ores and concentrates of nonferrous base metals 107,552 
Nonferrous metal scrap. . ddddsdss 155,457 
Platinum and platinum-group metal ores and concentrates... .......... 4,602 
Ores and concentrates of uranium and thorium......................- 11 
aac Ä ipf inr add ĩð Ee A ALIE 539,200 
Mineral energy resources and related products: 
Coal, coke, and briquets (including peat)...........................- 523,854 
Petroleum, crude and partly refned .------------------------------- 11,227 
Petroleum products, except chemicals- ----------2-------------------- 448, 794 
Gas, natural and mganutfaetured ------------------------------- 11,680 
d OC EE EE 1,055,555 
Chemicals: 
Inorganic chemicals: 
Elements, oxides, and halogen salts- -----.---------------------- 231,639 
Other inorganic chemicals 5 116,621 
Radioactive and associated materials except uranium and thorium...... 43 ,030 
Mineral tar, crude chemicals from coal, petroleum, and natural gas 67,011 
Total noce ͤ ] ¼U!!!)); ⅛⁊ðV ] ] K y EE 458,301 
Minerals, nonmetallic (manufactured): i 
Lime, cement, and fabricated building materials, except glass and clay 13, 745 
Clay and refractory construction materials 49,799 
Mineral manufactures, not elsewhere specified____._.__.._..-__------- 68,146 
e e . ß E 131, 690 
Metals (manufactured): m 
Pig iron. spiegeleisen, sponge iron, iron and steel powder and shot, and 
e TEE 27,810 
Ingots and other primary forms of iron and steel 76,158 
Iron and steel bars, rods, angles, shapes, and sections 55,227 
Universals, plates and sheets of iron or steel 150,045 
Hoops and strips of iron or steel 26,456 
Rails and railway track construction material of iron or steel.. 16,660 
Iron and steel wire (excluding wire rod-˖jꝰ 22aaaaaaaanaMO 9,665 
es, pipes, and fittings of iron or steel 184,718 
Iron and steel castings or forgings, unworked, pen... 63 ,438 
Silver, platinum, and platinum-group metals --------------------- 64,179 
Copper and copper alloy 282,187 
Nickel and nickel alloys. ........... 2.222 c LL LLL LL LLL Ls Lll. 89,586 
Aluminum and aluminum allovg -aaa aaan 191,340 
Lead and lead alloys............. ud fl uL 8 , 740 
Zinc and zinc alloy .. 15,864 
in and tin alloy LLL caa esL sess s 222222222222 14,365 
Uranium and thorium and their allovg -22-22-00 12 
Miscellaneous nonferrous base metals 52,739 
JJ7TCCTTFEỹÿ m o ume cuc LE et te d Ee US LIRE 
Grand total 


3,784,485 8,176,923 


— . —2—üà˖ädSꝗNe.— 


1 Data in this table are for the indicated SITC numbers 


classified by commodity in the Statistical Summary” chapter of this volume. 
2 Standard Industrial Trade Classification. 


Source: U.S. Department of Commerce, 
FT 185, December 1968, table 1. U.S. Exp 


only and therefore may not correspond to the figures 


Bureau of the Census. U.S. Imports General and Consumption. 
orts, Commodity and Country. FT 410, December 1968, table1. 
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Table 21.—Index of stocks of crude minerals at mines 
or in hands of primary producers at yearend 


(1957-59 =100) 


Metals Metals 
Yearend and ` —————— Non- 
non- Total Iron ore Other Non- metals ! 
metals ! ferrous ferrous 
Ki eee aw ieee ies See ee eee 113 133 153 44 147 104 
J) ³ðVſ/ſſ y 110 149 180 41 128 92 
1988225. ⁊èↄ¼ : k telle iux 107 148 172 34 172 88 
J.; ³ð -V eee eee eke r 109 r 167 r 184 96 177 78 
Kr EE 127 201 227 110 178 93 


r Revised. 
1 Excludes fuels. 


Table 22.—Index of stocks of mineral manufacturers, consumers, and dealers at yearend 


(1957-59 = 100) 


Metals Metals 
and —D P —o —— TT  [ NO- 
Yearend non- Other Base Other metals! 
metals! Total Tron ferrous non- non- 
ferrous ferrous 

J ⅛ĩ K E E 90 88 85 72 88 97 130 
19065 ei ⁵ ͤ a ³»A Sp Susa 90 89 84 72 92 99 116 
13 8 100 99 90 81 106 106 133 
1;ö§Ü]ĩĩ GA(m . ⁵ĩͤ 8 100 98 89 103 95 r 130 138 
19 oe et ee a ee eL 98 97 85 106 103 103 140 


t Revi 


ised. 
1 Excludes fuels. 


Table 23.—Physical stocks of mineral energy resources and related products at yearend 


(Producers’ stocks, unless otherwise indicated) 


Fuels 1964 1965 1966 1967 1968 » 


Coal and related products: ! 
Bituminous and lignite ? 
short tons.. 77,939,559 79,739,516 76,808,024 95,408,000 84,303,000 


COkG ¿LL (A ee do 1,971 892 2,702,946 3,078, 768 5,467, 532 5, 985, 025 
Petroleum and related produets: 
Carbon black. _ thousand pounds 231,171 237, 704 233, 145 264, 247 249, 240 
Crude petroleum and petroleum 
Drodueta - thousand barrels. . 839,235 836,344 881,105 944,111 999,572 
Crude petroleum do 230,057 220, 289 238,391 248 ,970 272,193 
Natural gas liquids. ........ do.... 35,679 35 , 867 40 ,423 (3) (3) 


Natural gasoline, plant condensate, 
and isopentane 


thousand barrels. . (4) (4) (4) 5,782 5,466 
Gasoline do 193, 633 183,058 194,177 207,980 211,526 
Special Daphthas? „ do 5,879 6,209 5,583 5,748 6,829 
Liquefied gases do- (4) (4) (4) 64,165 76,160 
Distillate fuel oil. do- 155, 846 155,407 158,076 159 , 703 173,158 
Residual fuel ol. do.... 40,408 56,214 63,856 65,597 67,359 
Petroleum asphalt do.... 14,231 16,178 17,309 19,939 20,056 
Other produeta ......... do...- 163,507 163,122 163, 290 166,227 167, 826 

Natural gas 5 billion cubic feet. . 2,313 2,458 2,506 2,648 ,146 


p Preliminary. 
1 Series on anthracite stocks in ground storage has been discontinued. 
? Stocks at industrial, consumer, and retail yards and on upper lake locks. 
Now distributed among petroleum products shown below. 
4 Prior to 1967, included in natural gas liquids. 
American Gas Association. 
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Table 24.—Seasonally adjusted book value of product inventories 
for selected mineral processing industries 
(Millions) 


Primary metals 
Petroleum Stone, —— H 
End of year or month and coal clay and Blast Other 
products glass furnace primary Total 
products and metals ! 
Steel mills 


1964: December $1,745 $1,587 83,707 $2,404 36,111 

1965: RR EE 1,756 1,626 3,678 2,671 6,349 

1966: December... on 2225125220090) 8 1,869 1,746 4,043 3,066 7,109 

1967: December re 1,971 1,952 4,819 3,325 7,644 
1968: 

Decembte rr 2,118 2,219 4,039 3,513 7,562 

January elu s sco ce LL e RC 1,978 1,952 4,306 3,354 7,660 

/h cuo See Ode eet s iE 1,956 1,949 4,318 3,356 7,674 

Mèréh- oc ⁰ . E 1,970 1,930 4,322 8,393 7,715 

POT ERR , ͥ EE 1,955 ,927 4,341 3,383 7,124 

Dy ome ONSE En M 1,981 1,940 4,302 3,355 7,657 

ENS a in Ne TN ee pt 2,021 1,957 4,109 3,397 7,506 

^ lp seal teh Se C oe un 2,047 1,997 3,831 3,424 7,255 

PU BG ARP 2,066 2,003 3,994 3,439 7,433 

September 2,088 2,029 4,065 8,437 7,502 

Gee K u SS LES 2,114 2,064 3,985 3,441 7,426 

November... 2 ie EL 2,136 2,153 4,010 3,494 7,504 


r Revised. 
1 “Other primary metals" obtained by subtracting blast furnace from primary metals figures. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45—49, 


Table 25.—Total employment in selected mineral industries 
(Thousands) 


1964 1965 1966 1967 1968 


MINING 
Metal 
EE ⁰⁰⁰ ei e ee BS 24.6 25.9 26.3 27.5 25.7 
EE 27.1 30.0 31.7 23.8 30.3 
Total EE 79.5 83.8 86.5 79.1 84.2 
Nonmetal mining and quarrying...................... 116.2 119.6 120.8 120.9 121.8 
Fuels: | 
Bituminous... ss 136.1 131.8 129.9 135.0 182.9 
Other cod... u ß oe ieee ete sS 11.2 9.6 7.8 7.0 6.2 
Crude 5 and natural gas fields 160.4 156. 6 162.4 149.8 148.1 
Oil and gas field services 130.7 130.5 127.4 120.7 131.7 
iv^ meo ee ⅛¹ N --—-——— — ee 438.4 428.5 417.5 412.5 418.9 
Total mining. 634.1 631.9 624.8 612.5 624.9 
MANUFACTURING 
Minerals: 
Fertilizers, complete and mixing onl ))) 38.0 39.7 40.7 40.6 39.1 
Cement, hydraulic 38.6 38.0 38.0 36. 5 35. 6 
Blast furnaces, steelworks, and rolling mills `` 556.7 580.2 571.8 553.1 553.4 
Nonferrous smelting and refining. ................. 69.7 78.9 78.1 75.5 79.7 
Pf (nf x te 703. 0 731.8 728.1 705.7 701.8 
Fuels: — 
Petroleum refning -2-2-2 149. 6 148.1 149. 6 152. 8 150. 5 
Other petroleum and coal products. ............... 84.2 34.8 86.4 86.6 86.2 
%%/õĩiÜ[5õ70n%g / ]·¹·¹· w AAA 183.8 182.9 186. 0 189. 4 186.7 
Total manufacturing . 886.8 914.7 914.1 895.1 894.5 


1 Includes other metal mining not shown separately. 
3 Standard Industrial Classification 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings Statistics for the 
rar a Be Bull. 1312-5, October 1967, 851 pp. Employment and Earnings. V. 15, No. 9, March 
, e “ie 
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Table 26.—Average hours and gross earnings of production and related workers 
in the mineral and mineral fuels industries 


1964 1965 1966 1967 1968 
MINING 
Metal: 
Iron ores: 
Weekly earnings $125.83 $129.24 $138.09 $138.60 $144.70 
Weekly hour nns 40.2 40.9 42.1 42.0 41.7 
Hourly earnings $3.13 $3.16 $3.28 $3.30 $3.47 
Copper ores: 
Weekly earnings $130.42 $136.71 $140.07 $140.51 $162.37 
Weekly bourg. ------------------ 42.9 43.4 43.5 43.1 47.2 
Hourly earnings $3.04 $3.15 $3.22 $3.26 $3.44 
Total:! 
Weekly earnings $122.54 $127.30 $133.77 $136.83 $148.77 
Weekly hours 41.4 41.6 42.2 42.1 43.5 
Hourly d s ana $2.96 $3.06 $3.17 $3.25 $3.42 
Nonmetallic mining and quarrying: 
Weekly earnings......................- $111.85 $117.45 $123.39 $128.65 $136.35 
Weekly hours------------------------- 45.1 45.7 45.7 45.3 45.0 
Hourly earnings $2.48 $2.57 $2.70 $2.84 $3.03 
Fuels: 
Total coal mining: 
Weekly earnings $126.88 $137.51 $145.95 $150.93 $151.59 
Weekly hours 39.0 39.9 40.3 40.5 39. 
Hourly earnings 2. $3.26 $3.46 $3.62 $3.72 $3.80 
Bituminous coal: 
Weekly earnings $128.91 $140.26 $148.44 $153.09 $153.16 
Weekly drs ------- 39.2 40.2 40.6 40.7 39.8 
Hourly earnings ?.................. $3.30 $3.49 $3.65 $3.75 $3.83 
Crude petroleum and natural gas: 
Weekly earnings $112.63 $116.18 $122.69 3 $130.66 $137.71 
Weekly hours ——Á—— 8 42.5 42.4 42.6 42.7 42.9 
Hourly earnings $2.65 $2.74 $2.88 $3.06 $3.21 
Total fuels:“ 
Weekly earnings $118.15 M 5 ors Oé $138 .83 $143.08 
Weekly hours 41.1 41.8 41.7 
Hourly earnings $2.89 $3; 01 $3; 16 $3.33 $3.44 
Total mining:“ 
Weekly earnings $116.19 $121.52 5127.73 $131.85 $141.35 
Weekly hours...................-....- 43.6 44.0 44.2 44.0 44.4 
Hourly earnings $2.67 $2.77 $2.90 $3.00 $3.18 
MANUFACTURING 
Fertilizers, complete and mixing only: 
Weekly earnings 8 $93.74 $96.57 $101.38 $104.98 $108.97 
Weekly hours 43.4 43.5 43.7 43.2 42.4 
Hourly earnings $2.16 $2.22 $2.32 $2.43 $2.57 
Cement, hydraulic: 
Weekly earnings $121.30 $124.42 EE 61 $133.40 Ver 35 
Weekly hours. .................-.....-.- 41.4 41.2 41.7 41.3 41.6 
Hourly earnings $2.93 $3.02 $3.18 $3.23 $3.47 
Blast furnaces, steel, and rolling mills: 
Weekly earnings $140.15 $141.86 $145.71 $145.16 $155.86 
Weekly hours 41.4 41.0 40.7 40.1 40.8 
Hourly earnings $3.41 $3.46 $3.58 $3.62 $3.82 
Nonferrous smelting and refining: 
Weekly earnings $120.22 Ver 44 $129 .98 $134.30 (e 
Weekly hours 41.6 1.9 42.2 42.1 
Hourly earnings $2.89 $5. 97 $3.08 $3.19 33. 39 
Petroleum refining and related industries: 
Weekly earnings $133.76 $138.42 $144.58 $152.87 $159.38 
Weekly n 2556 coe eese 41.8 42.2 42.4 42.7 42.5 
Hourly earnings $3.20 $3.28 $3.41 $3.58 $3.75 
Petroleum refining: 
Weekly earnings $139.52 $145.05 $151.56 $159.09 $166.27 
Weekly hours CCF 41.4 41.8 42.1 42.2 42.2 
Hourly earnings 83.37 $3.47 $3.60 $3.71 $3.94 
Other petroleum and coal products: 
Weekly earnings............... $112.49 $115.90 $120.22 $129.51 $135.91 
Weekly hours 43.6 43.9 43.4 44.2 43.7 
Hourly earnings $2.58 $2.64 $2.77 $2.93 $3.11 
Total manufacturing: 
Weekly earnings $134.43 t. 35 "n 83 $142.96 $153.76 
Weekly hours ua 41.3 41.3 41.2 40.9 41.3 
Hourly earnings $3.25 $3.32 $3.44 $3.51 $3.74 


1 Includes other metal mining not shown. 
11-month average. 
5 Corrected figure. 


* Weighted average of data computed using figures for production workers as weights. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings for the United 
8 Bull. 1312-5, October 1967, 852 pp. Employment and Earnings. V. 15, No. 9, March 1969, 
e 
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Table 27.—Average labor-turnover rates in selected mineral industries 


(Per thousand employees) 


Blast Non- Petro- 
furnaces, ferrous leum 
Manu- Cement, steel smelt- Metal Iron Copper refining Petro- Coal 
Rates and year  factur- hy- |. and ing mining ore ore and leum mining 
ing draulie rolling and related refining 
mills refining indus- 
tries 3 
Total accession 
rate: 
1966........ 50 23 29 32 35 26 30 21 16 17 
1967 4 28 25 29 35 33 28 23 17 16 
1968........ 46 28 30 35 34 28 29 24 18 18 
Total separation 
rate: 
1966........ 46 28 24 27 35 30 26 21 15 18 
19677 46 31 25 27 38 35 35 22 16 18 
1968........ 46 25 85 30 35 36 27 24 17 17 
Layoff rate 
1966........ 12 13 5 3 7 15 2 6 5 9 
196777 14 17 9 3 9 17 5 6 5 5 
1968 12 10 14 3 8 18 5 5 4 5 


1 Monthly rates are available in Employment and Earnings as indicated in source. 
? Standard Industrial Classification Industry 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings Statistics for the 
190 SUE LEA Bull. 1812-5, October 1967, 852 pp. Employment and Earnings. V. 15, No. 10, April 
table D-2. 


Table 28.—Wages, salaries, and average annual earnings in the United States 


Percent change 


1966 v 1967 1968» | — TO 
1966-67 1967-68 

Wages and salaries: i 

All industries, total. ....... millions. . a 515 "i E eet M. 7.3 9.8 

Mining... oo ele Osan 2.9 4.8 

Man acturing Pe man tura n S do 128. 669 134 165 145’ '883 4.8 8.7 
Average earnings per full-time employee: 

All industries, total................- 5,967 6,236 6,654 4.5 6.7 

Mining leen Eee d eaim 1,184 7,556 7,958 5.9 5.3 

Manufacturing....................- 6,643 6,880 7,345 8.6 6.8 


P Preliminary. r Revised. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 49, 
No. 7, July 1969. 
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Table 29.—Labor-productivity indexes for selected minerals 


(1957-59 = 100) 


Copper, crude ore mined per— Iron, crude ore mined per— 
Year Production Production Production Production 
Employee worker worker Employee worker worker 
man-hour man-hour 
1969... ewe 8 133.6 125.3 119.7 168.6 163.5 157.8 
IT c 8 145.0 136.7 131.1 187.5 180.8 169.1 
19605. 1. Steet oc eet 146.0 136.1 129.1 183.0 176.9 162.6 
1968... sk mĩG ⁊ð 2 8 149.2 138.6 131.1 186.6 183.1 163.5 
1967 »........- 7 133.0 184.4 128.4 190.1 187.2 167.5 
Copper, recoverable metal mined Iron, usable ore mined per— 
Per 
Production Production Production Production 
Employee worker worker Employee worker worker 
man-hour man-hour 
LTE 131.3 123.0 117.5 129.3 125.4 120.6 
1964 ENRICO 138.4 130.5 125.2 145.5 140.3 131.2 
ö h 88 135.3 126.2 119. 6 r 143.2 r 188.5 r 127.8 
1960: ee ener Rt 134.8 126.0 119.2 147.0 144.3 128.9 
1967. P... ß eee 118.3 119.6 114.2 138.8 136.7 122.3 
Petroleum, refined per— -Bituminous coal and lignite 
mined per— 
j Production Production Production Production 
Employee worker worker Employee worker worker 
man-hour man-hour 
1963915. he Nakna 142.9 145.0 146.8 151.5 150.1 135.7 
ET ls ii Ra r 153.9 r 156.9 r 154.7 162.6 161.5 144.4 
91/õͤ we ad V ues 163.7 166.8 167.3 176.7 176.5 154.2 
%» ĩð v ae p 177.2 p 180.9 p 180.4 187.3 188.8 162.5 
19] ees NA NA NA 187.3 188.4 162.5 


r Revised. P Preliminary. NA Not available. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-hour Selected 
Industries 1939 and 1947-67. BLS Bull. 1612, December 1968, 101 pp. 


Table 30.—Index of average unit mine value of minerals produced 


(1957-59 =100) 


1964 1965 1966 1967 1968 
METALS 

NEE 110.9 112.1 112.2 116.7 11 8.8 

Nonferrous | 
DIT — — — o n —S 112.5 123.2 124.8 128.7 137.4 
Monetary. ss 120.5 120.5 124.7 136.9 172.8 
Other. etie reni D dI Cur 98.6 99.5 92.3 r 86.2 87.0 
eie e e 109.7 117.7 117.6 r 120.3 130.1 
Average all metals ....------------ 110.3 114.9 114.9 118.5 124.5 

NONMETALS 
Construction__.__.. ecu 101.9 101.5 101.9 104.1 104.8 
Chemical... ß e uL LL E 101.2 104.5 105.6 111.1 115.4 
/ RPM M 103. 5 103.3 103. 5 r 109.8 114.1 
Average__..... AA ees 101.9 102.1 102. 6 r 105. 6 107.2 
FUELS 
ERE ESN HEP 91.4 90.8 92.0 r 93.6 95.5 
Crude oil and natural gas 100.8 100.4 101.1 102.6 103.6 
Avergage -2-an 98.0 97.8 99.1 r 100.7 101.3 
Grand total 99.9 100.3 101.3 r 103.3 104.2 
r Revised. 


1 Does not cover isopentane, LPG, and other natural gas liquids. 
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Table 31.—Index of implicit unit value of minerals produced 


(1957-59 = 100) 


1964 1965 1966 1967 1968 » 


METALS 

Net BEE 112.2 113.8 114.6 119.8 121.5 
Nonferrous: 

ö; ðA! ⁵ðE/ ee See Se yee 113.2 123.5 124.6 129.1 137.0 
ternet -oiire 116.9 116.2 116.6 124.5 155.2 
OUNCE zl oe ee eee es ae 97.3 97.3 91.7 84.7 78.7 
A Vorne I. ooo lu suse aa 112.1 121.8 122.3 120.3 129.0 
Average all metals EE P ĩð A 8 112.8 119.4 119.7 119.7 126.4 

NONMETAL 
Constructioůnnn eee ee 101.8 101.6 103.2 103.6 104.2 
/ A ³AAAAAA 101.6 103. 0 107.0 111.1 113.7 
Otero sc ſſſ0 (y A E 105.2 104.2 105.8 111.9 127.5 
CJ ³˙1—u cM Ic DO eL SE: 101.9 102.0 104.1 105.6 107.2 

FUELS 

DORIL. oe Soe ee eet eee ee eee CE nr 90.9 90.6 92.1 91.1 95.8 
Crude oil and natural van -2-22-0222 101.6 7101.6 103.1 103.6 104.3 
r d ee 98. 5 98.7 100.7 101.3 102.5 
Grand total... K 100.7 101.5 103.3 103.5 105.4 


p Preliminary. s Revised. 
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Table 32.—Price indexes for selected metals, minerals, and fuels 


(1957-59 = 100 unless otherwise stated) 


Annual average Percent 


Commodity change 
1967 1968 from 
967 
Metals and metal producttnnsnsn zz r 109.6 112.4 +2.6 
Jroñ and ET TT WEE 103.6 105.5 141.8 
AW EE 89.9 88.2 —1.9 
Iron and seele v 72. 5 67.4 —7.0 
Semifinished steel products- ee r 105.1 107.3 4-2.1 
Finished steel produets_____ 2222 2222-2 lll eee r 106.0 108.6 +2.5 
Foundry and forge shop produeta --------------------------------- r 112.1 115.0 +2.6 
Pig iron and ferroalloys. ...............-...-- ll LLL c c c Ll Lll ll. 80. 80.7 +.9 
Nonferrous metals „ r 120.9 125.3 +3.6 
Primary metal refinery shapes r 123.6 131.8 +6.6 
TEE TEE 99.5 101.5 +2.0 
Copper, ingot, electrolytic. ....... 222222222222 „ 130.5 NAA 
Lead, pig, eommo nnn eee ce ek Ate 107.8 102.0 —b.4 
Zinc, slab, prime western... ....... 2.22222 - Ll LLL LLL LLL LLL 2222-222... 124.4 121.3 —2.5 
Nonferrous scrasssdzdzdddzz ee eee 134.8 136.6 +1.3 
Nonmetallic mineral produeta eee eee 104.3 108.1 +3.6 
Concrete ingredient nn r 105.9 109.2 ＋3.1 
Sand, gravel, and crushed stoennnlnggnndnnd. LLL LLL ll llc -- 109.0 113.1 +3.8 
Concrete poroduetg s r 105.4 108.1 ＋2. 6 
Structural clay products... -2-2-2-2 r 110.4 113.1 +2.4 
Gypsum products r 102.8 105.5 12.6 
Other nonmetallic minerals r 102.0 105.0 42.9 
Building line 117.6 118.9 +1.1 
Insulation materials r 90.8 96.1 45.8 
tos cement shingle2ss nee 1118.0 121.9 +3.3 
Bituminous binders „ r 98.8 100.0 +1.7 
Fertilizer materials 2106.0 100.8 —5.4 
Niese ³ ↄ ę ⅛⁵ð d 8 98.2 88.5 —9.9 
F Uõö;ê—i ³ð§2j ⁰ dd kd LU ee t iS 125. 6 129.1 +2.8 
Phosphate ccc... Baebes eee owes 147.4 147.4 ....... 
OCR aio id EE 102.7 90.8 —11.6 
Muriate, domestic. ........ 2.2.2.2 eee 97.9 85.2 —13.0 
STIET EES 120.9 115.0 —4.9 
Fuels and related products and poeer 103.6 102.4 —1.2 
nr PCM a ete, mmqmPęꝶqmꝶm⅛qq ale EE r 103.3 106.7 ＋3. 3 
Ae ³ 92.9 99.6 ＋7.2 
Bü ⁵³ð d mt en eee ish r 104.4 107. 5 ＋3. 0 
%)%%/fͤõõõͤͤ] / ³ ( E 112.0 116.0 +3.6 
Gas fuels EE EEGEN r 133.7 123.8 —7.4 
Electric po ee. ea sees de eck tee ks 100.7 101.5 +.8 
Petroleum products, refined -222000000000 102.2 100.3 —1.9 
Crude peneleuũmmnmfnfn.n.. l d ora e Oe owen Ee 98.6 99.4 +.8 
All commodities other than farm and food.. ------------------------------ 106.3 109.0 +2.5 
All eommodities 2-2 106.1 108.7 +2.5 
r Revised. NA Not available 
1 January 1958 = 100. 
3 Corr figure. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 
1968-February 1969, tables 2 and 2-A. 
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Table 33.—Comparative mineral energy resource prices 


Fuel 1967 1968 
Bituminous coal, average prices per net ton at merchant coke ovens r $10.34 39. 54 
Anthracite, average sales realization per net ton at preparation plants, excluding dredge 
e EE $12.08 513.02 
////ö(öööĩůõõͤ ⁵ꝙÄ¹¹Aſĩſãſͥͥͥ ͥ ³⁰ ˙ wm. NP se $9.75 310.80 
Buekwbhest NO. õ oſ l ull Suil AA 8 36.35 $10.13 
Petroleum and petroleum products: 
Crude petroleum, average price per barrel at well $2.92 $2.94 


Gasoline, average dealers' net price (excluding taxes) of gasoline in 65 U.S. Cities ! 
cents per gallon.. 16.31 16.51 
Residual fuel oil: 


No. 6 fuel, average of high and low price per barrel (refinery) in Philadelphia 1. 3 .10 $3.10 
Bunker C, average price per barrel for all Gulf port᷑t ss 1.98 $1.67 
Distillate fuel oil: 
No. 2 distillate, average of high and low prices at Philadelphia ! 
cents per gallon (refinery) .. 10.57 10.90 


No. 2 distillate, average price for all Gulf ports !....................- do.... 9.48 9.40 

Natural gas: 
Average U.S. value at well......................- cents per thousand cubic feet.. 16.0 16.4 
Average U.S. value at point of consumption do.... 651.9 50.4 


z Revised. 
1 Platt’s Oil Price Handbook. 


Table 34.—Cost of fuel in steam-electrical power generation 
(Cents per million Btu) 


1965 1966 1967 
Region Coal Oil Gas Coal Oil Gas Coal Oil Gas 
New England 88.4 84.4 94.2 83.6 32.9 83.8 94.3 80.5 32.2 
Middle Átlantic........ 26.2 82.3 83.8 26.5 31.8 94.4 27.8 33.2 35.4 
East North-Central..... 24.3 66.2 25.9 24.4 59.8 25.9 24.7 62.9 26.7 
West North-Central... - 26.2 50.8 24.2 26.4 49.9 24.2 25.6 51.6 24.0 
South Atlantic......... 25.1 33.7 32.3 25.6 83.6 31.8 26. 6 32. 5 31.7 
East South- Central 18.9 62.8 23.8 19.3 52.1 22.7 20.1 53.2 29.4 
West South-Central.....- 17.7 50.4 19.8. l ¿pp 40.7 19.8 `... 42.4 19.9 
Mountain 19.3 26.2 27.1 20.4 25.4 26.7 20.1 26.1 26.2 
Pache . A.... eer 32.0 31.4 .....- 1. 31.55 31.4 30.8 
United States 24.4 83.1 25.0 24.7 82.4 25.0 25.2 82.2 24.7 
Source: National Coal Association. Steam-Electric Plant Factors. 1965 through 1967, table 2. 
Table 35.—Cost of electrical energy 
(Cents per kilowatt-hour) 
1965 1966 1967 
Com- Com- Com- 
Region Resi-  mercial Resi- mercial Resi-  mercial 
Total dential and Total dential and Total dential and 
indus- indus- indus- 
trial trial trial 
New England 2.4 8.0 2.0 2.8 2.9 1.9 2.3 2.9 1.9 
Middle ÁAtlantic.......... 1.9 2.7 1.6 1.9 2.7 1.5 1.8 2.6 1.5 
East North-Central....... 1.7 2.5 1.8 1.7 2.4 1.3 1.6 2.4 1.3 
West North-Central.......- 2.0 2.6 1.7 2.0 2.5 1.7 2.0 2.5 1.7 
South Atlantic 1.6 2.1 1.8 1.6 2.1 1.3 1.6 2.0 1.3 
East South-Central....... .9 1.4 e 9 1.8 at .9 1.8 ot 
eat South-Central e wm em e em aa 1.6 2.4 1.3 1.6 2.3 1.2 1.5 2.3 1.2 
oun tan 1. 5 2.2 1.2 1. 5 2.2 1.2 1.5 2.2 1.8 
Pacific... ..............- 1.3 1.8 1.1 1.2 1.7 1.0 1.2 1.7 1.0 
Alaska and Hawaii 2.5 2.9 2.2 2.5 2.9 2.2 2.5 2.9 2.2 
United States 1.6 2.8 1.3 1.6 2.2 1.3 1.6 2.2 1.3 


Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry. 1965 through 1967. 
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Table 36.—Indexes of principal metal mining expenses“ 
(1957-59 2:100) 


Year Total Labor Supplies Fuel Electrical 
energy 
pp WEE 298 295 102 97 101 
/////%ꝙꝙꝙꝙGGG0ö0ö0G0ö05 ee ie cu 2102 2101 108 99 101 
1öôÜͤ ae as ð-âv mt y 8 2104 2103 105 101 100 
EE 109 r 111 107 104 101 
EE 113 118 109 102 102 


p Preliminary. ` Revised. . 
1 Indexes constructed using the following weights derived from the 1963 Census of Mineral Industries: Labor, 
54.11; explosives, 2.35; steel mill shapes and forms, 6.40; all other supplies, 26.75; fuels, 4.86; electric energy,5. 53; 
and data from Wholesale Prices and Price Indexes published by the U.S. Department of Labor, Bureau of Labor 
Statistics. The index is computed for iron and copper ores only, because sufficient data are not available for othe 
mining sectors. r 
3 Revised because of the change in weight values. 


Table 37.—Index of major input expenses for bituminous coal and 
crude petroleum and natural gas mining! 


(1957-59 —100) 


Crude Crude 
Bitumi- petroleum Bitumi- petroleum 
Year nous and Year nous and 
coal natural coal natural 
gas gas 
19% h eects 98 99 9 /ͤ; ac ateeece 87 100 
1 %//%ͤ;v ( es ees 86 100 1968- EE N 
%% eee cae 86 100 


P Preliminary. NA Not available. 
1 Indexes con structed by using data from Wholesale Prices and Price Indexes, annual and monthly, published 


by the U.S. Department of Labor, Bureau of Labor Statistics, and weights derived from data shown in the 1963 
Census of Mineral Industries, U.S. Department of Commerce, Bureau of the Census. Weights used are: Bitu- 
minous coal: Labor, 62.98; explosives, 1.77; steel mill shapes and forms, 3.88; all other supplies, 24.92; fuels, 
1.76; electric energy, 4.69. Crude petroleum and natural gas: Labor, 46.3; fuel, 2.6; electric energy, 3.5; and all 


other, 47.6. 
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Table 38.—Indexes of relative labor costs and productivity for iron ore, 
copper, bituminous coal, and petroleum mining 


(1957-59 =100) 


Year Iron Copper? Bituminous Petroleum 
ore 2 coal 


INDEX OF LABOR COSTS PER UNIT OF OUTPUT 


1904. Se ³˙ i ¾ Ä eee ee E A E EE sae 87 101 15 98 
NG ice oes ses ei 8 91 110 %6 98 
1% EEN 94 112 75 94 
ö ee ·¹w-wmͥA E M M y E 22 97 123 p 77 p 93 
1968 p. i; d aaa a aa ST E 98 135 NA NA 
INDEX OF VALUE OF PRODUCT PER MAN-PERIOD 
IET WEE eet b ii t EEN 123 139 134 120 
h CDL TT AAA 119 145 140 124 
193i. ] ] ³ðÄAA a a a EG 3119 148 151 136 
KT Z ⁵ o ˙]—. U ĩðͤ ß mydßs 8 115 146 P 163 p 147 
1968 D. uu; SSS y te eee 121 155 NA NA 
INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT 
;õöÜö ete LS AAA 8 93 91 84 102 
HERE ð - ĩð v Eden 97 90 85 102 
9 ³o¹w ⁵ ˙ dd 8 101 91 82 98 
J%/%% 22 n zm EE 105 93 p 79 P 95 
19. ti c ren ler 8 105 92 NA NA 


p Preliminary. NA Not available. 

1 Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in 
Employment and Earnings and Wholesale Price Indexes, published by the U.S. Departm«nt of Labor. 
Bituminous coal index based upon net tons per man per day (see chapter on bituminous coal) and index 
of average earnings derived from Bureau of Labor Statisties data on hourly earnings; petroleum index based 
on bar per year (see chapter on petroleum) and Bureau of Employment Security data on total wages in 
petroleum production. 

Index of value of product per man-period: Iron ore and copper indexes are computed from data found in 
Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based on net tons per man 
po aay and mine values of production; petroleum index based on average employment and total value of 
production. 

Index of labor costs per dollar of product: Iron ore and copper indexes are computed from data found in 
Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based on index of value per 
man per day and index of average earnings; petroleum index based on total value of production and total 
wages. 

2 Indexes are for recoverable metal. 

3 Corrected figure. 


Table 39.—Price indexes for selected cost items in mineral and mineral fuels production 


(1957-59 =100, unless otherwise specified) 


1968 Change Annual average Change 
Commodity —— frm —— from 
January Decem- January 1967 1968 1967 

ber (percent) (percent) 
e . 105.0 112.7 +7.3 1103.3 106.7 +3.3 
CONO. eer 112.0 120.3 +7.4 112.0 116.0 +3.6 
Gas fuels (January 1958 100) 130.0 120.9 —7.0 1133.7 123.8 —7.4 
Petroleum products, refined.................. 98.8 99.0 +.2 102.2 100.3 —1.9 
Industrial chemicals 98.6 97.9 —.6 97.4 98.4 +1.0 
bumbeP.odosausziemcmessuwesuueseuertE Eme 114.0 142.2 +24.7 108.4 127.2 +17.3 
Explosi ves U“ 112.0 114.8 +2.5 112.4 114.2 +1.6 
Construction machinery and equipment....... 127.2 132.7 ＋4.3 1 123.2 129. 6 +5.2 


r Revised. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, 
January-February 1968, tables 2 and 2B, and January 1969, tables 2 and ZA. January-December 1368 issues, 
table Z, used to tigure annual average for explosives. 


Year 


r Revised. 
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Table 40.—Price indexes for mining construction and 
material handling machinery and equipment 


(1957-59 =100) 
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Con- Mining Power Special- 
struction machin- Oilfield cranes, ized Portable Scrapers Mixers, Tractors 
machin- ery and machin- drag- con- air com- and pavers, other 
ery and equip- ery and lines, struction pressors graders spreaders, than 
equip- ment tools shovels, machin- ete. farm 
ment etc. ery 
112.4 110.5 104.3 111.8 108.5 117.6 110.8 116.3 114.7 
115.3 113.3 104.7 113.7 110.3 128.7 114.2 119.6 117.6 
— 118.9 116.8 106.2 118.3 114.5 133.8 117.1 123.7 120.8 
r 123.2 120.3 7110.0 7122.8 117.0 1 134.9 120.1 1 128.5 1 126.1 
129. 6 124.0 116.5 127.7 123.0 131.7 125.8 184.1 133.9 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. 
January 1969, table 2A, and previous years. 


Table 41.—National income originated in the mineral industries 


Income, millions 


Industry 

1966 r 1967 1968 » 

e ß ee E DE M ees LUE $6,338 $6,191 $6,548 
Metal mining 1,071 633 707 
Coal mining= 2066 ns cee aaa n 1,387 1,424 1,421 
Crude petroleum and natural gas 2,690 2,865 3,040 
Mining and quarrying of nonmetallic metals 1,190 1,269 1,380 
Manufacturing... . . gece . mc ——— ew erimaesdcees eese 191,467 195,621 215,383 
Chemicals and allied produets .. 13,756 14,159 15,561 
Petroleum refining and related industries 5,780 6,778 1,126 
Stone, clay, and glass products.....................- 5,920 5,781 6,330 
Primary metal industries 16,291 15,464 16,670 

All industries-_______ eege ee NC er dme esde s 620,585 654,011 714,395 

P Preliminary. r Revised. 


Change 
from 1967 
(percent) 


to do n = CO = - 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 49, 


No. 7, July 1969. 


Table 42.—Annual average profit rates on shareholders’ equity, after taxes, and 
total dividends, selected mineral manufacturing corporations 


Annual profit rate Total dividends 
(percent) (millions) 
Industry 
Change Change 

1967 1968 from 1967 1968 from 1967 

1967 (percent) 
All manufacturing !. gn 11.7 12.1 +0.4 $13,262 $14,189 +7.0 
Primary metals 9.0 8.9 —.1 1,137 1,205 +6.0 
Primary iron and steel T 7.6 —.1 616 640 +3.9 
Primary nonferrous metals 11.0 10.7 — .3 520 565 +8.7 
Stone, clay, and glass products............... 8.2 9.2 +1.0 354 353 —.8 
Chemicals and allied produets .- . - . 13.1 13.3 +.2 1,733 1,844 +6.4 
Petroleum refining and related industries 12.5 12.2 —.8 2,660 2,876 +8.1 
Petroleum retining......................- 12.5 12.4 —.1 2,654 2,866 +8.0 


1 Except newspapers. 


Source: Federal Trade Commission, Securities and Exchange Commission. Quarterly Financial Report 
for Manufacturing Corporations. lst Quarter and 4th Quarter 1968, tables 4, 8. 
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Table 43.—Industrial and commercial failures and liabilities in mining and manufacturing 


Industry | 1966 1967 1968 

Mining:! 

Number of failures...................---. eee ee 78 71 57 

Current liabilities.........................- thousands $15,740 $24,576 $28 ,778 
Manufacturing: 

Number of failures. ...........-..-... cl c.l cell Lll ll. 1,779 1,761 1,456 

Current liabilities................-.......-- thousands. . $337,121 $301,293 $262 ,927 
All industrial and commercial industries: 

Number of failure sss «44 13,061 12,364 9,636 

Current liabilities.........................- thousands.. $1,385,659 $1,265 , 227 $940,996 

1 Including fuels. 


Source: Dun & Bradstreet, Inc., Business Economies Department. Quarterly Failure Report, Detailed 
Divisions of Industry, Fourth Quarter 1968. January 31, 1969, 4 pp. 


Table 44.—Expenditures for new plant and equipment by firms in mining 
and selected mineral manufacturing industries 


. (Billions) 

Industry 1966 1967 1968 
III;... 31.47 $1.42 $1.42 
Manufacturing: 

Primary iron and stee““lll!l!l!lllll!ũlllll eee ee 2.17 2.31 2.36 
Primary nonferrous metals .86 .90 KI 
Stone, clay, and glass products .91 73 71 
Chemical and allied produ et ss 2. 99 2. 88 2.69 
Petroleum and coal products...........................- 4.42 4.65 4.87 
All manufacturing 26.99 26.69 26.44 


1 Including fuels. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 48, 
No. 6, June 1968, p. 10; v. 49, No. 6, June 1969, p. 14. 


Table 45.—Plant and equipment expenditures of foreign affiliates 
of U.S. companies by area and industry 


(Millions) 
1966 1967 1968 ! 
Area and _— s U I ——— Y ——_—— —n ONINMNNQNDB— — ——  -— 

country Mining Petro- Manu- Mining Petro- Manu- Mining Petro- Manu- 

and leum factur- and leum factur- and leum factur- 

smelting ing* smelting ing smelting ing 
Canada........ r $297 r $649 $1,174 $310 $636 $998 $401 $681 $893 
Latin America 229 268 451 292 801 484 412 426 659 
Europe rq] 778 2,244 8 1,049 2,344 10 1,053 2,488 
All other areas 257 r 882 714 293 1,032 687 278 1,435 924 
Total ?... 1789 2,526 4,583 902 8,018 4,513 1,101 3,595 4,963 
r Revised. 


1 Estimated on the basis of company projections. 
? Details may not add to total because of rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 48, 
No. 9, September 1968, p. 18. 
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Table 46.—Estimated gross proceeds of new corporate securities offered for cash in 19681 


Total corporate Manufacturing Extractive ? 
Type of security ee EE, ee 
Millions Percent Millions Percent Millions Percent 
e TEEN $17,383 79.1 $5,668 81.2 $205 84.6 
Preferred stock .. 637 2.9 65 D ECOL ieee 
Common stock 8,946 18.0 1,246 17.9 889 65.4 
gh d REENEN 21,966 100.0 6,979 100.0 594 100.0 


1 Substantially all new issues of securities for cash sale in the United States in amounts over $100,000 and 
with terms of maturity of more than 1 year are covered in these data. 
3 Including fuels. 


Source: U.S. Securities and Exchange Commission. Statistical Bulletin. V. 28, No. 4, April 1969, p. 12. 


Table 47.—Direct private investment of U.S. companies in 
foreign petroleum industries in 1967 » 


(Millions; net inflows to the United States designated by —) 


Petroleum All industries 
Book Undis- Book Book Undis- Book 
value Net tributed value value Net tributed value 
be ing capital earnings end of beginning capital earnings end of 
of year outflows of sub- year of year outflows of sub- year 
sidiaries sidiaries 
Canada......... $3,608 $115 $93 $3,819 $16,999 $392 $644 $18,069 
Latin American 
Republics, all.. 2,897 —9 24 2,917 9,826 191 172 10,218 
Other Western 
Hemisphere 578 27 23 585 1,622 26 39 1,708 
Europe 3,981 526 —89 4,404 16,209 1,442 266 17,882 
frica..........- 1,104 126 14 1,232 2,07 4 2,277 
Middle East 1,557 134 —27 1,607 1,669 150 —14 1,748 
Far East 50 82 992 2,227 168 142 2,533 
Oceania 521 50 17 591 2,069 326 117 2,515 
International |... 1, 047 147 82 1,264 2,016 149 168 2,321 
Total?.... 16,205 1,103 169 17,410 54,711 3,020 1,578 59,261 


P Preliminary. 
1 Comprised of international trading and shipping companies. 
2 Data may not add to totals shown because of independent rounding. 


. Source: U.S. Department of Commerce, Office of Business Economies. Survey of Current Business. V. 48, 
No. 10, October 1968, pp. 24-265. 
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Table 48.—Direct private investments of the United States in 
foreign mining and smelting industries in 1967 5 


(Millions) 


Undis- 
Net tributed 
Value capital earnings Earn- Income? 


outflow of sub- ings ! 
sidiaries 
S LL MCCC e Ó— $2,337 $168 $82 $240 $154 
Latin America, totaaaaalll“nnnnnnnnnnnnn◻nsnsns. 1,21 —1 2 295 265 
E A EES 100 —67 15 20 5 
PAG YG sce ß e ries I9. sits: ]³»·]ʃ]6ww ka Ut ete 
Ä» ]Ü oz en MM TEE 68 (3) (3) (3) (3) 

Chile old . o E 517 17 —4 135 129 
P ora... ic eet ð ZA AE 340 43 1 72 72 
WTO PGi c ße ß eee tees 61 7 (4) 6 7 
Africa, total. cee ³ A ee usa 398 21 9 74 60 
South Africa, Republic of 5555 99 15 10 45 29 
% ³Ü AAA LLL ene 40 1 3 5 1 
Oceania, e ũt...... See me ce dua EE 322 57 14 21 9 

Australi... ⁰· ⁰ a Se ae! 320 55 14 20 
All other countries ůů ee 434 63 2 101 100 
Total, all areas iii 4, 810 316 132 743 596 


P Preliminary | 

1 Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits. 

2 Income is the sum of dividends, interest, and branch profits. 

3 Combined with other industries in source reference. 

4 Less than Le unit. 

5 “All other countries" includes other Western Hemisphere, Middle East, and International. 
6 Excludes Communist countries. 

7 Data may not add to totals shown because of independent rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 48, 
No. 10, October 1968, pp. 24-25. 


Table 49.—Sources of funds of direct foreign investment 
by U.S. mining and smelting industries 


(Millions) 
Net income Funds from Funds obtained Depreciation Total sources 
Area United States abroad and depletion 


1963 1964 1965 1963 1964 1965 1963 1964 1965 1963 1964 1965 1963 1964 1965 


Canada $187 $308 $320 $—24 $14 $32 $70 $66 $90 $114 $116 $122 $347 3504 $564 
Latin America 234 278 301 14 —72 —31 15 33 22 101 98 107 364 337 399 
Europe 4 3 7 7 2 1 —1 (> 6 2 5 5 12 10 19 
Other areas 68 71 110 44 32 122 18 89 158 22 50 44 152 242 434 

Total. 493 660 738 41 —24 124 102 188 276 239 269 278 875 1,093 1,416 


1 Includes miscellaneous sources. 
2 Less than 14 unit. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business.V. 47, 
No. 1, January 1967, p. 28. 
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Table 50.—Uses of funds for direct foreign investment 
by U.S. mining and smelting industries 
(Millions) 


Property, plant, Inventories Receivables 
and equipment 


Area 

1963 1964 1965 1963 1964 1965 1963 1964 1965 

Canada. ------------------------- $195 $220 $265 $—12 $—15 $54 $19 $39 $24 

Latin America. ..................- 109 123 160 5 9 30 10 11 12 

Zeh. 8 5 3 5 —1 1 3 1 2 2 

GCC eee Secs 89 117 252 5 18 13 15 21 15 
lll Sennan NER 398 463 682 —3 13 100 45 73 53 

Other assets ! Income paid out Total uses 

1963 1964 1965 1963 1964 1965 1968 1964 1965 

S ID ———— $60 $96 $57 $85 $164 $164 $347 $504 $564 
Latin America. -..................- 16 24 22 224 170 175 364 337 399 
Europe (2) (2) 1 T 4 8 12 10 19 
Other areas......................- 5 36 64 88 50 90 152 242 434 
TOUR ER 81 156 144 854 388 437 875 1,093 1,416 


Includes miscellaneous uses. 
2 Less than 1⁄ unit. 
Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 47 i 


No. 1, January 1967, p. 28. 


Table 51.—Value of foreign direct investments in the United States 


(Millions) 
Industry 1963 1964. 1965 1966 1967 » 
POM p ]³ð.wm ð v $7,944 $8,363 88,797 89,054 89, 923 
1,513 1,612 1,710 1,740 1,885 


P Preliminary 
Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 48 : 


No. 10, October 1968, p. 30. 
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Table 52.—Rail and water transportation of selected minerals 
and mineral energy products in the United States 
(Thousand short tons) 


Rail ! Water 
Change Change 
Products 1966 1967 from 1966 1966 1967 from 1966 
(percent) (percent) 
Metals and minerals except fuels: 
Iron ore and concentrates. . . 107,335 92,784 — 13.6 72,364 68,291 —b.6 
Iron and steel scrap........- 27,396 25,469 —7. 0 1,499 1,551 ＋3. 5 
Pig iron... 8 4,095 3,727 —9.0 880 698 —20.7 
Iron and steel ingot, plate, 
bars, rods, tubing, and 
other primary produets 53,671 49,841 —7.1 7, 800 7,738 —.8 
Bauxite and other aluminum 
ores and concentrates..... 4,490 4,822 —3.7 825 907 +9.9 
Other nonferrous ores and 
concentrates... .........- 17,221 11,867 —81.1 1,541 1,378 —10.6 
Nonferrous metals and alloys. 9,920 9,182 —7.4 68 —21.1 
Nonferrous metal scrap- - - .- 2,368 3,035 +28 .2 47 86 —23.4 
TEE sex Los 2,295 1,943 —15.3 639 519 —18.8 
Sand and gravel...........- 60,002 57,544 —4.1 1 0 66.186 —5.6 
Stone, crushed and broken... 65,217 63,279 —3.0 11,384 , 
Limestone flux and calcareous 
//»ö—ͤmnu!u.. 8 34, 463 31,743 —7.9 
Cement, building 26,383 25,135 —4.7 9,124 8,719 —4.4 
Phosphate rock. gk 31,601 34,015 ＋7. 6 4,144 4, 738 +14.8 
Clays, ceramic and refrac- 
8 Ac? Gre F 3,648 3,249 uds rte: Rer Be š 
r ener , 
Sulfur, liquid.............- 3,511 3,514 T.H 7,939 8,747 +10.2 
Gypsum and plaster rock 707 672 —5.0 907 787 —13.2 
Other nonmetallic minerals 
except fuels... ........... 5,474 5,691 +4.0 4,393 6,194 +41.0 
Fertilizer and fertilizer 
materials 15, 289 18,790 +22.9 3,018 2,933 —2.8 
D!! Rien 440,623 414,059 —6.0 223 , 252 214,138 —4.1 
Mineral energy resources and 
related products: 
Coal: 
Anthrac ite 8,815 7,879 — 10.6 181 `... | 41.4 
Bituminous and lignite.. 367 , 506 376,704 ＋2. 5 161,894 164,378 : 
COkë PERS 882 293 —23.3 528 485 —8.1 
Crude petroleum 631 660 +4.6 92,851 108 ,301 +11.8 
Gasoline —— — mm mm ewe cDœU UP! ee we ) 8 458 8 257 —5 8 86,443 83 ,653 —3 2 
TT EE , ; ° 10,784 12,152 +12.7 
Kerosine. ee P 291 260 —10.7 7,971 8,413 +5.5 
Distillate fuel oil 1,910 1,777 —7.0 12,899 79,585 +9.9 
Residual fuel ol 4,041 4,181 +3.5 43,323 44,032 +1.6 
Asphalt, tar, and pitches. ... 8,205 2,917 —9.0 7,202 7,566 +5.1 
Liquefied petroleum gases 
and coal gases 5,774 6, 395 +10.8 1,029 730 —29.1 
Other petroleum and coal 
products 9,515 9,218 —3.1 r 10,874 10, 385 —4.5 
/r A 405, 528 413, 541 Lë 0 495,479 514, 680 +3.9 
Total mineral products... - 846,151 827, 600 —2.2 718,731 728,818 +1.4 
Grand total, all 
commodities. .......... 1,447,852 1,406,668 —2.8 862,725 870,634 4.9 
Mineral products, percent of 
grand total: 
Metals and minerals, except 
fuels e» er ep em D moo 22 [wn oc aa 30.4 29.4 —3.3 25.9 24. 6 —5.0 
Mineral energy resources 
and related produets 28.0 29.4 +5.0 57.4 59.1 +3.0 
Total mineral produets 58.4 58.8 4.7 83.3 83.7 +.5 
DEE ee ee es 
z Revised. 


! Revenue freight originated on respondent's road and terminated on line by originating carrier or delivered 
to connecting rail carrier. 


3 Domestic traffic—includes all commercial movements between points in the United States, Puerto Rico, 
and the Virgin Islands. 


* Includes lubricants, naphtha and other petroleum solvents, and miscellaneous petroleum and coal products. 


Sources: Interstate Commerce Commission, Bureau of Accounts. Freight Commodity Statistics, Class I 
Railroads in the United States for the Years Ended December 31, 1966 and 1967. Statements 68100 and 69100. 


Department of the Army, Corps of Engineers. Waterborne Commerce of the United States, Part 5, Nationa 
Summaries. Calendar Years 1966 and 1967, table 2. 


.1 ME 


adhuc pur mut 
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Table 53.—Percentage distribution of mine shipments of bituminous coal and lignite 
by method of shipment and mine use 


Shipped by Shipped b 


Year rail and water an 
trucked to trucked to 

rail water 
19603 DEE 72.8 11.0 
OG eas EEN 71.7 12.2 
ü K ³ĩ K deg E 72. 6 11.8 
19%ͤr ͥ m 72. 5 11.6 
DG 8 73.2 12.1 


Trucked to 
final 


destination 


Used at 
mines ! 


€» Cobo toto 
N c2 Co Ga © 


Total 
production 


1 Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 


Table 54.—Miles of utility gas main, by type of gas and by type of main 


Type of gas and type of main 1968 1964 1965 1966 1967 
All types: 
leld and gathering 60,720 61,010 r 61,760 r 62,980 63,710 
Transmission 200, 940 205,400 1 211,240 * 216,980 225, 360 
Distribution 448, 280 469, 810 494, 520 519,610 539,200 
OUR) WEE 709,940 736,220 7 767,620 r 799,570 828,270 
Natural gas: m 
Field and gathering 60,720 61,010 r 61,760 r 62,980 63,710 
Transmission 200,020 204,730 *210,660 * 216,410 224 , 790 
Dümibut ion ierco 433, 620 458,770 484, 260 509, 840 529, 340 
(( ³W¹¹1 . ⁰ 694, 360 724,510 r 756,680 r 789,230 817, 840 
Manufactured gas: | m 
Transmission (2 (2) I0! 22256552 Steeg 
Distribution 1,49 1,460 1,420 1,180 1,140 
yos) NM 1,490 1,460 1,430 1,180 1,140 
Mixed : n 
Transmission 920 670 570 570 570 
Distribution 11,890 8,310 7,810 7,800 7,950 
: Ee ⁊ AA EEDE 12,810 8,980 8,380 8,370 8,520 
Liquefled petroleum gas: 
Distribution. nnn 1,280 1,270 1,030 790 710 
r Paviced, 


1 Exclud s service pipe. Data not adjusted to common diameter equivalent. Mileage shown as of end of 


each year 
3 Less than 5 miles. 


Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1967, 
p. 59. For earlier years, see Historical Statistics of the Gas Industry. 


Table 55.—Petroleum pipelines, selected years 


(Miles) 
Trunklines Gathering 
Year línes Total 
Crude Products 
)))) .ũ —————— P N 78,594 36,420 73,526 188,540 
Doi mM ß tee EEN 70,317 44,483 75,182 189,982 
IJ ⁵ 8 70, 355 53, 200 76,988 200,543 
TG ic mrs me . ñęßꝶ. ß eee 72,388 61,443 77,041 210, 867 
T908 ist SSMO PRESE 70,825 64 , 529 74,124 209 ,478 
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Table 56.—Research and development activity 


(Millions) 
Total Company Federal Government 

1966 1967 P 1966 1967 P 1966 1967 » 

Petroleum refining and extraction $430 $469 $383 $431 $47 $38 
Percent of all industries 2. 2. 5. 5.4 0.6 0.5 
Chemicals and allied products........ $1,461 $1,565 $1,271 $1,353 $190 $212 
Percent of all industries 9.4 9. 17.6 16.8 2.8 2.5 

All industries $15,548 $16,420 $7,216 $8,032 $8,332 $8,388 


P Preliminary. 
Source: National Science Foundation. Reviews of Data on Science Resources No. 12, January 1969, table 1. 


Table 57.—Federal obligated funds for metallurgy and material research 
(Thousands) 


Fiscal year 1968 * Fiscal year 1969 ° 


Federal agency Basic Applied Total Basic Applied Total 

research research research research research research 
Department of Defense. ...... $11,957 $35,169 347, 126 $19,185 $48,803 $67,988 
Atomic Energy Commission 11,366 14,197 25,563 11,991 15,514 27,505 

National Aeronautics and Space 
Administration 18,421 7,037 20,458 14,840 8,331 23,171 
Bureau of Mines............. ........- 7,788 T CV E 7,924 924 
National Science Foundation 5,497 ........- 5,497 5,436 ......... 5,436 
Department of Agriculture 874 1,639 2,013 422 1,706 2,128 
Department of Commerce 197 832 1,629 813 950 1,763 
Others. col eet 1,441 1,179 2,620 1,525 1,428 2,953 
C oss supa ee 44,853 67,836 112,689 54,212 84,656 138,868 

* Estimate. 


Source: National Science Foundation. Federal Funds for Research, Development, and other Scientific 
Activities. NSF 68-27, v. 17, August 1968, pp. 144-145, 163-164, 188-189. 


Table 58.—Bureau of Mines obligations for mining and mineral research and development 


(Thousands) 
Fiscal year Applied Basic Develop- Total 
research research ment 
)) ⁵ðↄi§Q] UA E EL 2 mi a ms $19,733 $4,355 $3,118 $27,206 
Ü ⁵³ÄwmA¼¼.. y h ei a D 20, 836 4, 636 3,390 28,862 
1961222 RAPERE NEP T CD x te Ot 23,148 4,841 4,423 32,412 
I o sodomie ³ 9 24,215 4,893 5,136 34,244 
J%ͤm f . Sas ana 26,622 4,160 5,051 35,833 
e Estimate. 


Table 59.—Bureau of Mines obligations for total research, by field of science 


(Thousands) 
Fiscal year 
1967 1968 1969 
Engineering sciencfte ns $19,043 $20,032 $20,128 
Physical sciences 6,864 6,999 8,386 
Mathematical sciences 597 595 705 
Environmental scienceg ss 1,485 1,482 1,563 
ER 27,989 29,108 30,782 


e Estimate. 
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Table 60.—Summary of government inventories of strategic and critical materials, 
December 31, 1968 


Acquisition cost Market value ! 

Total inventories: 
National stockp illi 34,471, 408, 600 34,875, 947, 700 
Supplemental etocknle -a -----------------a-MaMMM 1.455, 203, 300 1,423, 202, 400 
Defense Production Aet 958,449,900 579,024,600 
Commodity Credit Corporation 1,670,300 1,994,400 
dis MCN LC 6,886,732,100 6,880,169,100 
(RU EH 85,356,800 93,852,100 
Inventories within objective: Total on hand. ...................- 3,312,118,400 3,608, 694, 700 
Inventories excess to objective: Total on hand... . . 3, 574, 613, 700 3, 271,474, 400 


(Market values are computed from prices at which similar materials are being traded currently; or in the 
absence of current trading, an estimate of the price which would prevail in commercial markets. The market 
values are generally unadjusted for normal premiums and discounts relating to contained qualities. The 
market values do not necessarily reflect the amount that would be realized at time of sale. 


Source: Executive Office of the President, Office of Emergency Planning. Stockpile Report to the Congress. 
July-December 1968, p. 2. 
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Table 61.—U.S. Government stockpile disposal of mineral commodities, 1968 


Sales commitments 


Commodity — 
Quantity Sales value 


NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES 


; ³o-- d ʒ DE short tons. . 44,437 322, 628, 406 
Aluminum oxides. eff.. uODU PUES do.... 310 85,495 
ANUMONY eier Ee do. 240 185,625 
Asbestos, amos itt!!! t!!! kk do 1,250 218, 700 
Asbestos, erocidoltte do- 190 36, 100 
Bauxite, refractor . . . . .. . . . .. .. .. .....-.-.- long calcined tons 916 88,472 
Tu d EE short tons 2,968 1,728,238 
Bismuth. n te ee ee uec y 8 pounds 322, 000 88, 
Cadmium. uo coe y d do 876,000 2,217, 467 
CG˙7ů⅛¶/ d EE short tons 2, , 533 
Chromite, metallurgieal short dry tons.. 154,597 3,514, 192 
Fluorspar, acid- J)) ACES EMOTE Lec S D E E do.... 1,977 ; 
Graphite, Malagnag L2. LLL llc cll lll ll. short tons 8,6 
Graphite, other than Ceylon and Malaga. Doute 1,053 186,118 
Lead bereet ͤ T8 do 26, 950 7,341,021 
AA ³˙Ü¹1¹iA ⁰qd ⁰yʒ ʒ e LEE Orcus 8,502 2,197,200 
Manganese, battery- UNES S po 8 short dry tons 1,000 ,000 
Manganese, metallurgieal ee do.... 881,633 7,488, 761 
the . . MU MU US pounds 486, 534 254, 749 
Molyßbdenunn]]! !: do- 1,317,588 2,106,159 
Platinum-group metals: Ruthenium......................- troy ounces. . 12,000 509,216 
lge WR ea ENCOE pounds 188,171 836 , 486 
RT d SE short dry tons ,266 498, 408 
II. ³¹¹³ ] Odd 8 short tons 10 1, 600 
y Ui Per Tuc SOR e NOME mdr y 8 long tons 8,508 11,390,094 
//7%ĩ˙ĩ5606ũjið᷑ S T——wC.Ukt!! Le EE els short tons 24, 875 16,765,976 
VOU fepe too ee etek eee ee eee! ees Lae 71,814,216 
DEFENSE PRODUCTION ACT (DPA) INVENTORY 
WI, EE short tons 13,476 6,944,449 
Asbestos, chrysotile........ 2 LLL LL LLL eee do.... 1,187 189,854 
Cobalt. eco . ß SE pounds 4,878,798 8,935,048 
San ZL usss S do.... 1,814,132 1,686,092 
Fluorspar, geld-grgde -2-20a short dry tons.. 9,615 389 , 362 
Manganese, battery, synthetic dioxide_-..........-------------- do.... 150 78,500 
Manganese, metallurgical__.................-.....-.....-.--.--- do 7,394 107,780 
J//õ%⁵;d0 y pounds 7,788 32,507 
Mica, muscovite blokkkklklkldgdgdgd „„ do- 16, 820 33, 519 
F . ß E EE Ee do- 3,170, 542 8,030,033 
% cR" ͥͥ WWW.’ Gr — —H— 25, 822, 144 
OTHER 
h ³⁰Ür “].... ³ decuit long dry tons 110, 000 500, 000 
r ³ ͤ¹w ðͤ y yt Sewer qua pounds 6, 875 1.875 
JJJJöô⁰Ü. . ͤ yd ys ß aA flasks. _ 20, 668 11,068, 798 
rr ⁰iĩꝛ AAA ere troy ounces.. ..---2----- 76,091,057 
OVA DEEN 87,661 ,230 
SE 
Grand total 


Cf ——————————— A D —— 185,297,689 


! Includes AID sales of 16,135 short tons. 


2 Represents that portion of the total proceeds in excess of the U.S. monetary value based on $1.2929 per 


ounce. 54,562,979 ounces of silver was sold at an average price of $2.0427, and 50,822,680 ounces was sold 
at an average price of $1.9851. 


Source: Executive Office of the President, Office of Emergency Planning. Stockpile Report to the Congress. 
January-June, 1968, pp. 12-13; July-December 1968, pp. 13-14. 


| 
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Table 62.—United Nations indexes of world! mineral industry production 


(1963 = 100) 
! 1968 by quarters 
Industry sector and geographic area 1965 1966 1967 1968 
1st 2nd 8rd 4th 
EXTRACTIVE INDUSTRIES 
Metals: 
Non-Communist world 112 115 115 120 109 123 124 122 
Industrialized eountries 111 115 113 121 107 126 126 124 
United States and Canada..... 114 119 115 122 98 132 133 124 
Europe---_- . . . . . . . . . . 107 105 107 117 115 118 111 125 
European Economic | 
Community 3............-- 100 97 92 96 99 93 92 98 
Less industrialized countries: 114 115 117 118 118 117 121 120 
Latin America . 111 118 119 120 118 119 121 121 
Asia, East and Southeast . 113 115 119 119 110 119 127 118 
Communist Europe --2---------- 123 135 149 162 167 162 162 160 
Sg r . 114 119 122 129 122 131 132 131 
oal: 
Non-Communist world -.------------ 101 98 94 93 96 92 89 92 
Industrialized countries: 100 97 93 91 95 91 87 92 
United States and Canada 111 114 117 114 115 118 116 108 
Burodpbde ros 97 91 85 82 87 81 76 85 
European Economic 
Community 3 97 91 83 80 86 76 77 83 
Less industrialized eountries —— 105 109 111 113 112 112 110 118 
Latin America . 101 106 115 NA NA NA NA NA 
Asia, East and Southeast 9..... 106 110 112 113 112 112 109 120 
Communist Europe 106 108 111 115 117 114 112 116 
KT WEEN 103 102 101 101 104 101 98 102 
Crude petroleum and natural gas: 
Non-Communist world................ 112 120 128 136 134 185 138 140 
Industrialized nations 2 105 111 116 120 122 119 119 121 
United States and Canada 105 110 116 119 121 118 118 119 
Europe 115 119 124 133 134 125 128 142 
European Economie 
Community 3 114 117 122 133 135 125 129 143 
Less industrialized countries 121 133 143 159 150 156 163 167 
Latin America s. 107 107 114 118 118 117 119 117 
Asia, East and Southeast 6 119 132 141 156 148 153 161 163 
Communist Europe 121 133 145 156 158 156 155 154 
;öÜÜBſ.. So 114 123 131 140 139 139 141 143 
Total extractive industry: | 
Non-Communist world ----------- 110 115 118 125 121 124 125 128 
Industrialized countries 106 109 111 115 113 115 115 117 
United States and Canada..... 108 113 117 120 117 122 122 120 
kurope aaaea 104 101 99 103 104 100 99 109 
European Economic 
Community 3.............- 104 102 99 105 108 98 108 111 
Less industrialized countries 4...... 119 128 135 147 139 146 150 153 
Latin Americas. 108 110 115 118 117 117 119 118 
Asia, East and Southeast. S onec 118 128 136 149 141 148 153 155 
Communist Europe ------2----- 115 123 132 140 143 141 189 188 
! · 8 112 117 122 129 127 129 129 131 
PROCESSING INDUSTRIES 
Base metals: 
Non- Communist world 120 124 123 132 133 137 126 134 
Industrialized countries 2222 121 124 123 132 134 137 124 133 
United States and Canada 121 126 117 122 128 135 110 115 
Europe -00-2 -2-----ħħŇħ 119 117 118 131 130 128 127 141 
European Economic 
Community 32 117 116 119 133 132 128 131 144 
Less industrialized countries 117 125 125 138 127 133 143 147 
Latin America p 120 124 125 140 128 133 148 152 
Asia, East and Southeast . 113 126 128 137 131 133 139 145 
Communist Europe 117 127 136 145 148 146 144 144 
l; d es 119 125 127 136 138 139 131 137 
Nonmetallic mineral products: 
Non-Communist world 116 121 123 131 115 134 138 137 
Industrialized countries 222 116 120 122 130 113 133 137 136 
United States and Canada 114 120 118 124 106 127 134 129 
NW See eee ek 116 119 121 129 111 133 136 135 
European Economic 
Community 3.............. 112 115 116 125 104 129 136 132 
Less industrialized countries 833 118 125 133 141 133 143 142 148 
Latin America 115 124 132 142 134 143 144 148 
Asia, East and Southeast 120 124 135 141 134 142 139 149 
Communist Europe 119 131 143 154 159 155 152 152 
Worl 222 he Geen 117 125 131 140 132 142 143 143 


See footnotes at end of table. 
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Table 62.—United Nations indexes of world’ mineral industry production—Continued 
(1963 = 100) 


1968 by quarters 
Ist 2nd 3rd 4th 


Industry sector and geographic area 1965 1966 1967 1968 


PROCESSING INDUSTRIES—Continued 
gg opr petroleum and coal products: 


on-Communist world 119 180 139 153 148 152 153 161 

Industrialized countries 119 181 140 154 149 158 154 162 

United States and Canada 115 127 183 144 139 144 144 149 

REUIODO6.... eme ee o Reus 128 185 145 163 159 159 161 174 
European Economie 

Community — ee 125 188 149 170. 165 163 169 183 

Less industrialized countries 4. 116 125 181 146 186 146 150 152 

Latin Amerieaa -22 .--- 116 126 181 149 NA NA NA NA 

Asia, East and Southeast 6. 113 122 130 145 194 ` 142 149 153 

Communist Europe 128 143 161 180 177 181 181 179 

Word... ³·¹wꝛ ·˙¹˙m;³ꝛaꝛ 120 183 143 159 154 158 159 165 

Overall industrial production: 

Non-Communist world 115 123 126 135 181 134 132 142 

Industrialized countries 2 115 123 126 134 181 133 181 141 

United States and Canada..... 116 126 127 133 180 184 132 136 

Europe 112 117 118 127 124 124 120 138 
European Economic 

Community ?.............. 111 116 117 127 128 122 122 141 

Less industrialized countries 118 125 180 140 184 189 141 145 

tin America 2ĩ52.iB„ 114 120 125 133 NA NA NA NA 

Asia, East and Southeast 6. 120 127 183 144 189 140 146 150 

Communist Europe 7 116 127 189 161 153 152 150 148 

// ²˙·ꝛÜAAA T Susu. Su 116 124 130 139 187 189 187 148 


NA Not available. 


N 1 rna a number of countries of the Near East and Africa as well as mainland China, North Korea, and 
or ietnam. 

2 All countries having a per-capita value pos in manufacturing in 1958 equivalent to US$125 or more. 

3 Belgium, France, West Germany, Ital GC uxembourg, and the Netherlands. 

4 Countries having a per-capita value a ded in manufacturing in 1958 of less than US$125. 

: Perak and South America and the Caribbean Islands. 

DAD istan, Brunei, Burma, Ceylon, Hong Kong, India, Indonesia, Iran, South Korea, Malaysia (exclud- 

tie Sabah), Mongolia, Pakistan, P ingapore p Taiwan; Thailand, and South Vietnam. 

7 Albania, Bulgaria, Czechoslovakia t Germany, H ungary, Poland, Rumania, and U.S.S.R. 


Source: United Nations Monthly Bulletin of Statistics. August 1969, pp. x-xxi. 
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Table 63.—Comparisons of world and U.S. production and U.S. imports of 
principal minerals and mineral fuels in 1968 


World Total U.S. Total U.S. 
production U.S. produc- U.S.imports production production 
(thousand tion (per- (percentage and imports and imports 


Mineral short tons centage of of world (percentage (percentage 
unless other- world total) production) of world of worl 
wise stated) P total total 

1968) 1967) * 
METALLIC ORES AND CONCENTRATES 
Bauxite........... thousand long tons 42,880 8.9 25.6 29.5 30 
OChromite ek 5,206 .........- 9.6 9.6 12 
Copper (content of ore and concentrate). 5,893 20.4 5.9 26.8 23 
Iron ore thousand long tons 670,943 12.8 6.5 19.3 21 
Lead (content of ore and concentrate) 3,309 10.8 2.6 18.4 14 
Mercury. - thousand 76-pound flasks.. 255 11.4 9.4 20.8 21 
Molybdenum (content of ore and con- 
centrate dd short tons 62,887 74.4 (3) 74.4 T1 
Nickel (content of ore and concentrate) . 529 3.2 22.1 25.8 28 
Platinum group (Pt, Pd, etc.) 
thousand troy ounces. . 8,415 (1) 52.0 52.0 42 
CU EE, Ee 272, 657 12.0 26.9 87.9 84 
Titanium concentrates: 
Ilmenite ee ee 3,216 29.9 7. 6 87.5 86 
Rütile 35 oup S Eeer 857 W 9 W 58 
Tungsten concentrate (60-percent 
tungsten dioxide)........ short tons. . 84,907 14.0 2.5 17.0 17 
Zinc (content of ore and concentrate)... 5, 486 9.7 8.3 18.0 18 
METALS, SMELTER BASIS 
An! me ER EEEES 8,864 36.7 8.9 45.6 46 
r ⁰ Eater dee 6, 649 18.6 6.1 24.7 20 
Iron; ; ge Ud ee 891,000 22.7 0.2 22.9 22 
CCC!!! ic ee 3,221 14.5 10.6 25.1 25 
Magnesium short tons 207, 089 47.5 2.0 49. 5 52 
Steel ingots and castings... .........-- 565,000 23.2 3.2 26.4 26 
Iii cart thousand long tons 230 1.3 24.8 26.1 24 
Uranium oxide (U3O:) 4_ _ _ short tons NA NA NA NA 49 
Jr! ⁵ůuͤn i CoL 5,017 22.0 6.3 28.3 27 
NONMETALS 
Asbestos... .. L2 c2 cL cll 22-2 lese l2 NA NA NA 25 
Cement thousand barrels.. 2, 872, 929 14.0 14.3 14 
Diamond............ thousand carets.. NA NA NA NA 50 
Feldspar.......... thousand long tons NA NA NA NA 45 
COMBAT CM ECHO RCM ERE NA NA NA NA 50 
Deu tnt de AENT 8 NA NA NA 63 
ica (including Scrap)....- short tons.. 168,762 (1) 1.5 1.5 1 
Nitrogen, agricultural. TTT“. 36,192 27.9 4. 6 32.5 37 
Phosphate rock... thousand long tons 92,838 44.4 0.1 44.5 46 
Potash (K:O equivalent)... ........... 17,139 15.9 12.7 28.6 30 
ll qe n" PM 124,442 33.1 2.8 35.9 82 
Sulfur, elemental...thousand long tons 18,604 52.8 8.4 61.2 60 
MINERAL ENERGY RESOURCES 
Crude petroleum thousand barrels.. 14,083,717 23.6 1.4 81.0 82 
Natural gas million cubic feet.. 31,028,664 02.9. zo. 62.3 64 
Bituminous coal and lignite............ z NA NA NA NA 18 
Anthracite 266.6220 -2-2-2-2 200,335 5.7 NA NA 6 


5 Vib EES NA Not available. W Withheld to avoid disclosing company confidential data. 
Less than 

2 World total Exclusive of U.S.S.R. 

3 Including Puerto Rico. 

4 Year ended June 30 of year stated. 
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Table 64.—Mineral commodity export price indexes 


(1968 =100) 

Year and quarter Metal ores Fuels Total 
EE ͤ IE EEE IA 114 101 104 
1966 -zee ie yd y y e mum EO 115 101 104 
IQ To crt esse y ĩé y ß DS 109 101 108 
1968: 

January to Mare gn 112 101 108 
Ann ³ ³ ⁵³ð y ena 107 100 102 
July to September... me um A 107 100 102. 
October to December 107 100 108 

rrĩĩĩ˙wi ]½⅛ʃ˙¹d. U —T—.T—... 109 100 102 


Source: United Nations. Monthly Bulletin of Statistics. June 1969, special table D II, p. xix. 


Table 65.—Analysis of export price indexes 
(1963 = 100) 


Developed areas Less-developed areas 


Total Nonferrous Total Nonferro us 
minerals base minerals base 


Year and quarter 


metals metals 
1/ôö%ð er eee ⁊ð ) ees 106 129 108 146 
10680. .. 107 144 108 177 
10817: en pula e eh EE 105 185 102 156 
1968: 
January to March........-.. . . . . . . ccce cese ee 107 156 102 192 
April to n.... ð amd dde 104 136 102 158 
July to Septembe rr 104 187 102 152 
October to December 104 139 102 158 
AVEFRÜS. I.I 7 eee K eee 104 142 102 165 


Source: United Nations. Monthly Bulletin of Statistics. June 1969, special table D III, p. xix. 
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Technologic Trends 
in the Mineral Industries 
(Metals and Nonmetals 
Except Fuels) 


By John L. Morning ! 


The everlasting battle to reduce costs in 
the mining industry marked the year as 
manufactures continued to develop larger 
mechanized equipment. To management, 
larger equipment means more output per 
man-hour, thereby combating ever increas- 
ing labor rates and declining grade of ore. 

For open-pit mining, the first 200-ton 
haulage truck with a 1,650-horsepower 
unit was introduced and a 160-ton hauler 
was in operation. Large horsepower gas 
turbines were being tested and reportedly 
gave excellent performance, but with a 
50-percent increase in fuel consumption. 
Gas turbines in the range of 1,000 to 1,800 
horsepower were under development. To 
accompany the larger size haulage trucks, 
shovels of 25- to 30-cubic-yard capacity 
were being ordered to keep the mining 
equipment in balance. Front-end loaders 
continued to make inroads on shovels, and 
new models with 10- to 30-cubic-yard 
buckets were expected to continue the 
competition.? 

Development of new mining techniques in 
the interest of cost reduction includes ramp- 
mining and the load-haul-dump (LHD) 
method of handling materials underground. 
The Creighton nickel mine of The 
International Nickel Company of Canada 
employs both methods in recovery of low- 
grade ore. The ramp-method of mine devel- 
opment allows the transfer of mechanized 
equipment to various parts of the mine, 
thus utilizing the high cost mechanical 
equipment to the fullest extent. The LHD 
method of material handling brings greater 
flexibility to mining operations and was 
rapidly gaining favor in Canada where 


over 30 mines either underdevelopment or 
in production wil employ the method? 
A high degree of interest was shown in 
tunneling technology. Nearly 500 engineers 
attended the first Tunnel and Shaft Ex- 
cavation Symposium at the University of 
Minnesota, where new tunnel driving and 
support methods were discussed. The 
Bureau of Mines conducted a study on 
the state-of-the-art of horizontal boring 
technology.“ Hard rock tunneling machines 
and economics of machine tunneling were 
reviewed.” Although most large-diameter 
tunnels in the past have driven for other 
industries, improved technology and eco- 
nomics suggests that boring of large- 
diameter tunnels for underground mines 
will be widely accepted by the mining 
industry. 

In conventional tunnel driving, Granduc 
Operating Co. (Canada) broke the world’s 
record by advancing the face 585 feet 
during a 6-day work week. Granduc was 
in the process of driving an 11-mile tunnel 
for development of its large copper mine. 


1 Physical scientist, Division of Mineral Studies. 

2 Engineering and Mining Journal. The Quiet 
Revolution in Open-Pit Mining Tools. V. 169, 
No. 9, September 1968, pp. 119-139. 

Malone, V. F. Open-Pit Mining in 1968. Min. 
Cong. J., v. 55, No. 2, 1969, pp. 68-74. 

3 Clark, J. H. Load-Haul-Dump Method Revolu- 
tionizes Muck Handling Underground. Canadian 
Min. J., v. 89, No. 1, January 1968, pp. 23-27. 

Mamen, C. Mining Technology. Canadian Min. 
J., v. 90, No. 2, February 1969, 239-243. 

t Paone, James, William E. Bruce, and Roger 
J. Morrell. Horizontal Boring Technology: A 
State-Of-The-Art Study. BuMines Inf. Circ. 
8892, 1968, 86 pp. | 

5 Muirhead, I. R., and L. G. Glossop. Hard 
Rock Tunneling Machines. Inst. Min. and Met. 
(London), v. 77, No. 784 (Section A), January 
1968, pp. A1—A21. 
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Worldwide, new mine developments and 
mine expansions continued at a record 
pace.“ For most mineral commodities new 
production capacity continued to increase. 
The big rush to build iron ore pellet plants 
appeared to peak out as new high-grade 
iron ore mines were under development. 
Free world copper mine capacity was ex- 
pected to increase 1.2 million tons of 
copper by 1972. Although the phosphate 
rock industry was faced with an over- 
supply situation, new capacity was being 
installed throughout the world. The domes- 
tic potash industry continued to be hurt 
with the development of new mines in 
Saskatchewan, Canada. Nickel, which has 
been in chronic short supply in recent 
years, was developing new capacity world- 
wide. | 

Total material handled at metal and 
nonmetal mines and quarries reached a 
record high tonnage, although crude ore 
production was about the same as in 1967. 
Copper, iron, and phosphate rock surface 
mines continued to dominate the lists of 
leading producers of crude ore and total 
material handled, sand and gravel plants 
excepted. Increased activity in the phos- 
phate rock industry doubled the number 
of mines (from three to six) producing 
over 10 million tons of crude ore. 

The average value of principal mineral 
products and byproducts increased signifi- 
cantly from $2.37 per ton in 1967 to $2.96 
per ton in 1968. Although iron ore and 
phosphate rock, both large mineral com- 
modities, decreased in average value per 
ton, the price advance for a considerable 
number of mineral commodities more than 
offset the loss. Average value of byproducts 
from metal and nonmetal mines increased 
from 1967 values. 


Exploration and development work in- 
creased significantly for the year and was 
the highest on record. A high level of 
activity at uranium, copper, and tungsten 
mines accounted for most of the increased 
reported footage. Most of the material 
handled in development work was the 
result of stripping operations at copper, 
iron, and phosphate rock mines. 

The industrial consumption of explosives 
in 1967 decreased for the first time since 
1958, owing to the 6 months' work stoppage 
in the copper industry. Ammonium nitrate 
was the leading explosive consumed in the 
minerals industry. 


Factors in selecting and applying com. 
mercial explosives and blasting agents were 
described in a Bureau of Mines report.’ 


Materials Handled.—Total quantity of 
ore and waste handled at metal and non- 
metal mines and quarries in the United 
States reached a record high tonnage 
despite work stoppages in the copper in- 
dustry during the first quarter. Total crude 
ore output was about the same as in 1967, 
as waste material handled accounted for 
the increased total. Mineral commodities 
that indicated a significant gain in total 
material handled compared with 1967 
figures were barite, beryllium, copper, diato- 
mite, phosphate rock, crushed and broken 
stone, and dimension stone. Total material 
handled decreased for asbestos, bauxite, 
boron minerals, clays, placer gold, iron ore, 
potassium salts, and sand and gravel. Of 
these mineral commodities, copper, diato- 
mite, phosphate rock, crushed and broken 
stone, and dimension stone indicated in- 
creased output of crude ore while placer 
gold, boron minerals, potassium salts, and 
sand and gravel indicated a decrease in 
production of crude ore. 

Reported material handled exceeded 100 
million tons in 11 States. Arizona regained 
first place from Florida in total material 
handled owing to the settlement of labor 
problems in the copper industry and to the 
development of two large open-pit copper 
mines. Minnesota was the leader for out- 
put of crude ore. Twenty-eight States in- 
dicated an increase in output of crude ore, 
12 States indicated a decrease in output, 
while eight States produced about the same 
quantity as in 1967. The combined States 
of Delaware and Hawaii indicated an 
increase in output of crude ore. Significant 
increases in crude ore handled occurred 
in Arizona, Illinois, Minnesota, and Utah. 


Among the 25 leading metal mines in 
total material handled were 15 copper 
mines, seven iron mines, two molybdenum 
mines, and one uranium mine. Open-pit 
mining was used at all metal mines, with 
the exception of the molybdenum mine 
which employs block caving for mining. 


6 Engineering and Mining Journal Mining 
Fattens Capacity at Record Rates. V. 169, No. 
2, February 1968, pp. 75—110. 

7 Dick, Richard A. Factors In Selecting and 
Applying Commercial Explosives and Blasting 
Agents. BuMines Inf. Circ. 8405, 1968, 30 pp. 
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The uranium mine also employs some open 
stoping in addition to its open pit. Kenne- 
cott Copper Corp. regained the leadership 
in total material handled with the resump- 
tion of operations in the second quarter. 
The Anaconda Company and Duval Sierrita 
Corp. continued stripping operations in 
Arizona in the development of their large 
open-pit copper mines. Both concerns ex- 
pected to be in operation by late 1969. The 
Hoyt Lake, Minn., open-pit iron ore mine 
of Pickands Mather & Co. continued to be 
the leading producer in output of ore as 
well as being the leading iron ore mine in 
terms of material handled. 

Phosphate rock mines dominated the list 
of the 25 leading nonmetal mines, exclud- 
ing sand and gravel operations. Continuing 
to head the list was the Kingsford, Fla., 
mine of International Minerals & Chemi- 
cal Corp. 

The Moss Landing, Calif, plant of 
Kaiser Aluminum & Chemical Corp. con- 
tinued to lead in output of raw materials 
produced from lakes, pounds, seas, or wells. 


Magnitude of the Mining Industry.— 
The number of mines reporting crude ore 
production, excluding sand and gravel 
plants, returned to the level of 1966 and 
was nearly 1,500 more than in 1963. Of the 
total 8,555 mines, 1,394 were classified as 
metal mines and 7,161 nonmetal mines. 
Compared with the number of mines re- 
porting ore production in 1967, mineral 
commodity mines that significantly in- 
creased in number were as follows: Clays, 
236; silver, 127; beryllium, 28; tungsten, 
22; and crushed and broken stone, 22. 
Mineral commodities that significantly de- 
creased in the number of reporting mines 
were zinc, 50; placer gold, 46; mercury, 
34; and iron ore, 23. 


The number of mines producing crude 
ore in excess of 10 million tons jumped 
to an unprecedented total of 18. With the 
return of production in the copper indus- 
try, the number of metal mines returned 
to 10, the same number as in 1965 and 
1966. Nonmetalic mines in this category 
increased to eight as increased activity in 
the phosphate rock industry doubled the 
number of mines in that industry from 
three in 1967 to six in 1968. One boron 
mineral mine joined this class despite a 
drop in total output of boron minerals. 


With the short supply of silver and more 
attractive price a number of mines entered 
the production picture, as silver mines 
increased by 127. Most of the increase 
was accounted for by mines producing less 
than 1,000 tons, but mines producing in the 
range of 1,000 to 100,000 tons increased 
by 20. 

A renewed interest in beryllium increased 
the number of operating mines from five 
in 1967 to 33 in 1968. All of the mines 
were small with output under 10,000 tons 
each. High operating costs continued to 
plague placer gold mines, as the total 
number of mines dropped to 96 with most 
of the decrease accounted for in mines pro- 
ducing 100,000 to 1 million tons. 


The average value of principal mineral 
products and byproducts rose significantly 
from $2.37 per ton in 1967 to $2.96 per 
ton in 1968. Excluding stone and sand 
and gravel mines, the average ton value 
increased to $6.06 from $4.93 in the pre- 
vious year. Although individual mineral 
commodities registered a mixed gain or 
loss, the average ton value for metal mines 
increased $0.26 and for nonmetal mines 
$0.31. When stone and sand and gravel 
mines are excluded nonmetal mines indi- 
cated a decrease in value of $0.38 per ton. 
Iron ore and phosphate rock, both large 
volume mineral commodities, indicated a 
decrease in average value which was more 
than offset by price advances during the 
year of other mineral commodities. 


Comparison of Production From Surface 
and Underground Mines, Surface mining 
accounted for 94 percent of the ore mined 
and 95 percent of total material handled 
in 1968. These percentages have remained 
virtually constant during the past 10 years, 
although a slight trend persists for in- 
creased surface mining. Four mineral com- 
modities, lead, manganese, potassium salts, 
and sodium carbonate (natural) were 
mined entirely by underground methods. 
Five metal ores, beryllium, placer gold, 
nickel, rare-earth metals, thorium, and 
titanium (ilmenite) were mined entirely 
by surface methods as were the nonmetals, 
emery, garnet, boron minerals, diatomite, 
feldspar, graphite, kyanite, lithium min- 
erals, magnesite, marl, olivene, pumice, 
sand and gravel, sodium sulfate (natural), 
talc group minerals, and vermiculite. 


Underground mining accounted for sub- 
stantial percentage mined in five States, 
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Colorado, 42 percent; New Mexico, 38 
percent; Missouri, 28 percent; Kentucky, 
21 percent; and Wyoming, 19 percent. 
Seventeen States reported no underground 
mines. 


Ratio of Ore to Marketable Product.— 
The ratio of ore to marketable product 
varies for the various mineral commodities 
depending on grade of ore and type of 
valuable mineral content. The ratio for 
most mineral commodities with respect to 
time, indicates a rising ratio as the average 
grade or ore declines. Typical examples 
are in the copper industry where average 
grade or ore has steadily declined over the 
past years and iron ore, where new tech- 
nology has allowed the recovery of iron ore 
pellets from low-grade taconite deposits. 
For 1968, most metal commodities indi- 
cated a higher ratio of ore to marketable 
products. For the nonmetals, about 50 
percent indicated a higher ratio. 

The ratio of material handled to market- 
able product also varies among the various 
mineral commodities and is affected mainly 
by the amount of development work and 
content of the valuable marketable mate- 
rial. For example, two large open-pit cop- 
per mines under development increased 
total material handled without contributing 
to the marketable product. For 1968, the 
ratios for all mines were mixed with about 
50 percent indicating an increase in ratio. 


Exploration and Development.—Reported 
footage for exploration and development 
at metal and nonmetal mines increased 
32 percent compared with that in 1967, 
and was the highest on record. The in- 
crease was mainly attributed to the high 
level of activity at uranium mines. The 
footage for metal mines increased 38 per- 
cent with copper, tungsten, and uranium 
mines, indicating increased footage. Total 
footage for nonmetal mines decreased 18 
percent despite increased activity at as- 
bestos, barite, phosphate rock, and talc 
group mineral mines. 

Colorado, New Mexico, Texas, Utah, 
and Wyoming accounted for the major 
share of total footage for exploration and 
development while Arizona, Florida, and 
Minnesota accounted for most of the total 
material handled. Stripping was the most 
important factor in movement of material 
handled and during the past 3 years, in- 
creased as follows: 1966, 485 million tons; 


1967, 569 million tons; and 1968, 593 
million tons. Most of the increase was the 
result of the development of large volume 
mines for commodities such as copper, 
iron, and phosphate rock. Noteworthy 
among new mines under development were 
Twin Buttes in Arizona (copper) and 
Duval Sieretta (copper-molybdenum). 


Explosives.—Explosive statistics for the 
year of review are released too late to be 
incorporated in this chapter. For 1967, the 
industrial consumption of explosives de- 
creased for the first time since 1958, the 
decrease being attributed to the 6-month- 
long copper strike. Although permissible 
explosives used in the minerals industry 
had remained relatively stable during the 
period 1961—66, consumption in 1967 de- 
creased, continuing the overall trend which 
started in 1949. All of the decrease oc- 
curred in coal mining as the quantity used 
in metal mining was the highest since 
1931 and the quantity used in quarrying 
and nonmetal mines reached a new high. 
Ammonium nitrate has been the preferred 
blasting agent in coal mining since it was 
introduced in 1956. 

In the historical explosives consumption 
data presented in the 1967 chapter, am- 
monium nitrate blasting agents were in- 
cluded under high explosives other than 
permissibles. A 5-year breakout of ammo- 
nium nitrate blasting agents statistics indi- 
cate that more than 50 percent of the 
consumption of this explosive was in the 
coal mining industry. Both coal mining 
and quarrying and nonmetal mining con- 
sumption indicates a steady growth rate for 
this explosive while the growth rate was 
interrupted in the metal mining industry 
in 1967, owing to labor problems in the 
copper industry, as other metal mining 
industries operated at a normal pace. 

The category of high explosives other 
than permissible explosives, excluding am- 
monium nitrate blasting agents, indicates 
a substantial increased consumption for 
these explosives during the past 5 years. 
The increase is probably explained by the 
fact that slurries and gels are included in 
the category. 

Although once a prominent explosive, 
black-blasting powder used in the minerals 
industry continued to decrease dramatically 
in the past 5 years and will probably phase 
out entirely except for minor use. 
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Table 9.—Shipments of bituminous coal for consumption in Iowa, 


by district of origin and consumer use ' 


Use 

7 and 8 

1964: 
Electric utilities 
Retail dealers 193 
All others 2 59 
ill! rem 252 

1965: 
Electric utilities 
Retail dealers 207 
All others 89 
C 2 ses ose Z 296 

1966: 
Electric utilities. 
Retail dealers 185 
All others 97 
Total..........--.-- 282 

1967: 
Electric utilities. 
Retail dealers 133 
All others 67 
S!; lec 200 

1968 
Electric utilities. 
Retail dealers 112 
All others 56 
S tess 168 


(Thousand short tons) 


District of origin ? 


11 


12 


15 


268 


17 


wm em p er 


Total 
19 0 


W Withheld to avoid disclosing individual company confidential data; included with “Total.” 

! Data are based on voluntary reports submitted on separate distribution survey and may not agree with 
data derived from mine production survey. 

2 States or portion of States represented by each district are as follows: District 7 and 8—eastern Kentucky, 
southwestern Virginia, southern West Virginia, and north central Tennessee; 9—western Kentucky; 10— 


Illinois; 11—Indiana; 12—Iowa; 15— Kansas, Missouri, and northeastern Oklahoma; 17—western Colorado 
and northeastern New Mexico; 19—Wyoming and Idaho; 20—Utah. 
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Table 5.—Crude ore and total material handled at surface and underground mines, 
by States, in 1968 


(Percent) 

Crude ore Total material Crude ore Total material 

Surface Under- Sur- Under- Surface Under- Sur- Under- 

ground face ground ground face ground 

STATE 
Alabama 94 6 96 4 Nebraska 99 1 99 1 
Alaska 100 ..... 100 ..... Nevada 99 1 100 ..... 
Arizona 90 10 97 8 New Hampshire 100 ..... 100 ..... 
Arkansas 97 3 97 8 New Jersey 100 ..... 100 ..... 
California 98 2 99 1 New Mexico -__ 62 38 87 19 
Colorado 58 42 58 42 New York. .....- 94 6 94 6 
Connecticut...... 100 ..... 100 ..... North Carolina... 100 ..... 100 ..... 
Delaware 100 ..... 100 ..... North Dakota 100 ..... 100 ..... 
Florida 100 ..... 100 ..... Ohioo ooo 94 6 95 5 
Georgia 97 8 98 2 Oklahoma 94 6 80 20 
Hawaii 100 ..... 100 ..... Oregon 100 ..... 100 ..... 
Idaho 92 8 94 6 Pennsylvania 91 9 91 9 
Illinois 97 3 97 3 Rhode Island 100 ..... 100 ..... 
Indiana.......... 98 2 98 2 South Carolina... 100 ..... 100 ..... 
Iowa 96 4 97 3 South Dakota 87 13 87 13 
Kansas 90 10 91 9 Tennessee 86 14 84 16 
Kentucky .--- 79 21 80 20 Texas 100 ..... 100 ..... 
Louisiana 88 12 88 12 Uta g 94 6 97 8 
aine 100 ..... 100 ..... Vermont 97 8 97 8 
Maryland........ 99 1 99 1 Virginia 95 5 94 6 
Massachusetts 100 ..... 100 ..... Washington 99 1 99 1 
chigan........ 90 10 90 10 West Virginia 85 15 86 14 
Minnesota......- 100 ..... 100 ..... Wisconsin........ 98 2 98 2 
Mississippi 100 ..... 100 ..... Wyoming 81 19 92 8 
Missouri 72 28 72 28 

Montana 96 4 97 8 Total " 94 6 95 5 
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Table 6.—Number of domestic metal and nonmetal mines in 1968, 
by commodity and magnitude of crude ore production 


Total Less than 1,000 to 10,000 to 100,000 to 1,000,000 More than 


Commodity number 1,000 10,000 100,000 1,000,000 to 10,000,000 
of mines tons tons tons tons 10,000,000 tons 
tons 
METALS 
Baux ite ll: egestas 1 6 G owes 
Beryllium.......................- 88 6 )))) (w.. “ 
poppet — (NC 88 128 63 11 11 17 22 4 
old: 
e aaa 79 70 2 2 |. Exe 
VT EEN 96 67 11 EK: V 
Iron ore 98 8 9 19 81 81 5 
EEN 86 61 10 4 88 
Manganese ore Tees. Sees 1/ͤü 8 
EEN 85 50 18 IF luce Swe testo 
Molybdenum. mn Oo tec s nuoto Inset Ed oru lE 2 1 
SI ĩð2Lu 201 167 24 9 EX 4:0. cui 
Titanium: Ilmen ite %)%%%%%%%%Sh!!!!! “Yer ite 1 8 aaaea 
| eee ee he UNE 40 83 4 | cH 8 
Uranium 397 133 84 56 124. tects “ees 
)%§ö»;—ſ ß see eects bes 123 23 14 85 50 T Q: lz 
Other. uos TREES è 9 R 3 NEES 
Total metals. 1,394 679 217 174 248 66 10 
= === Sl Se 
NONMETALS 
Abrasives 20 9 7 J ³·—¹¹ʃ 
Asbestos-..... eese evecescdeu essa 8 1 1 3 JJ Ä Cass 
77ööÜ—ĩ m- 8 42 8 12 16 10 1 
Boron minerals .. ))ͥͤ ³˙¹ AAA ³WO³³ 8 2 1 
G000%000%Cö§ĩ5—. i ß CN 1,516 73 291 777 ny MEVS RIPE 
Diatomite............--........-- 12 8 2 TRE ES 
Feldspar.................-....... 65 89 7 14 7 T 
Fluorspar........ cee 22 7 6 33% ͤͤ ⁵ĩðͤ 8 
en DDR NONU EUE 77 4 9 27 FTF 
JJ! oe ee Soe = Qs ude: seasons’ E cni DEER 
Marl, Wand uo. ccs 2 1 !. ĩ¾ Kd Bocecee 
Mica: Flake 18 2 8 5 Een sc c eund 
al uQ utu Su 5 1 2 r wise! vee ees ce 
Perlite 2 | 14 4 5 eebe, A 
Phosphate rock kd 48 1 3 2 18 18 6 
Potassium salts. .................- l0. eet ³ ³ĩͤ IEEE eS 8 . 
EE EE? 139 24 48 41 26. Juicomss Geld 
Ü . ees d enia 56 1 11 11 27 88 
ouium carbonate (natural) S 1 1 * 
one: 
Crushed and broken 4,449 226 522 1,542 1,909 249 1 
Dimension 544 201 228 90 29 1 ....... 
ur: 
Frasch- process mine SÉ eer 1 4 12 8 
Other mines 1 JJ ³oWÜo¹ͤ ᷣͤᷣ ß n ` eier 
Tale, soapstone, and pyrophyllite 62 11 27 28 L. 2272222 cde 
Vermiculite 5 1 1 1 1 33 
Wollaston ite 9 1 J! 22 
))) ³AA 0 88 E SEENEN 2 4 6 l 4252 Sec 
Total poonmetala 7,161 612 1,192 2,579 2,479 291 8 
= El 
Grand total................. 8,555 1,291 1,409 2,753 2,727 357 18 


1 Antimony. magnesium, manganiferous ore, nickel, rare-earth metals, tin, and vanadium. 
3 Emery, garnet, and tripoli. 
3 Aplite, graphite, lithium minerals, magnesite, and sodium sulfate (natural). 
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Table 7.—Twenty-five leading metal and nonmetal’ mines in the United States 
in 1968, in order of output of ore 


Mine State Operator Commodity Mining 
method 
METALS 
Hoyt Lake Minn Pickands Mather & Co Iron ore Open pit. 
Peter Mitchell Minn Reserve Mining Co......... ..... do: mnc Do. 
Utah Copper....... Uta Kennecott Copper Corp Copper ...- Do. 
Minntac........... Minn......- United States Steel Corp Iron ore Do. 
Morenci..........- Ariz.......- Phelps Dodge Corp Copper Do. 
Clima Colo American Metal Climax, Molybdenum. ..... Caving. 
ne. 
Eagle Mountain.  Calif........ Kaiser Steel Cor Iron ore Open pit. 
Puma. --.-------- Ariz.......- Pima Mining Co. .......... Copper Do. 
Empire Mich ---.-. Cleveland Cliffs Iron Co Iron ore Do. 
San Manuel Ari Magma Copper Co. .......- Copper Caving. 
Berkeley Pit Mont The Anaconda Company... ----- dO. nouo Open pit. 
New Cornelia Ariz.......- Phelps Dodge Cor do... zz Do. 
Republic Mich....... Cleveland Cliffs Iron Co Iron ore Do. 
Butler Minn Hanna Mining Co.......... ..... 4888 EE Do. 
White Pine Mich White Pine Copper Co Copper Open stopes. 
Ray Pit... ——-—— Ariz.......- Kennecott Copper Corp..... ..... 8 EE Open pit. 
Trail Ridge Fla. ee E. fa e Pont de Nemours & Ilmen ite Dredging. 
o. Inc. 
Highland ly fra Secs dO. 2 ec Eu SUE note 40 EAEE TE Do. 
Mineral Park. ` ` ` Ari Duval:4Corp.......-i. c.n cated do: Do. 
Vering ton Nev.......- The Anaconda Company.... ..... d9:-—. 52s Do. 
Inspiration Ans. Inspiration Consolidated ` ..... do0:. lcu Do. 
Copper Co. 
Chino N. Mex Kennecott Copper Cord dü EE Do. 
Mission Ariz........ American Smelting and do. Do. 
Refining Company. 
Thunderbird Minn Oglebay Norton Co... Iron ore Do. 
Esperanza........- Ariz.......- Duval Cor Copper Do. 
NONMETALS 
Kingsford Flá..2 .. International Minerals & Phosphate rock Do. 
Chemical Corp. 
Noralyn..........- CCC dO- L Su a a (e PEETER 5355 Do. 
Payne Creek....... Fla... Agrico Chemical Co........ .. do. 2:0 ose Do. 
Su wanne Flag. Occidental Chemical Corp... ..... d. con. Do. 
Boron............- Cali United States Borax & Boron Do. 
Chemical Corp. 
Palmetto Plas c Agrico Chemical Co. ....... Phosphate rock Do. 
Sydney F American Cyanamid Co 4e Do. 
Fort Meade Fla. eee Mobil Chemical Co......... ..... %% reus Do. 
Bonny Lake FIS C W. R. Grace & co. ade EE Do. 
Silver Peak........ Ney Foote Mineral COo Lithium Do. 
Bartow...........- Blas 2 oe ves Agricultural Chemical Fhesphate rock.... Do. 
o. 
Saddle Creek Flá uc. Agrico Chemical Coo. do. ou Do. 
Clear Spring Fla Mobil Chemical Coo... do... e Do. 
Silver City. Fla Swift & d G Do. 
Chicor aa Fla. 2 American Cyanamid Co..... ..... 8 2 Do. 
Rockland Fla. UES) Agricultural Chemical ` ..... VI oec Do. 
Ten oro R Bordon Chemical Coo. di: loeo Do. 
Lee Creek N sul: Texas Gulf Sulphur Co...... ..... do. 8 Do. 
Folks ton Ga... Humphreys Mining Co Ilmen ite Dredging. 
Watson Fla Swift Co --------------- Phosphate rock... Open pit. 
Retsof...........- N: Y cuc s s International Salt Co Salt: cu oriens Open stopes. 
Shafts 1........... N. Me Southwest Potash Co Potassium salts Do. 
N. Me Potash Co. of America... ... .....do..........- Do. 
Phosphate Ela scc U.S. Phosphoric Products Phosphate rock... Open pit. 
o. 
G8ay.------------- Idaho J. R. Simplot Coo “s (o EEE eee Do. 


1 Sand and gravel, stone, brines and materials from wells, etc., excepted. 
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Table 8.—Twenty-five leading metal and nonmetal: mines in the United States 


in 1968 in order of output of total materials handled 


! Sand and gravel, stone, brines and materials from wells, etc, excepted. 


Mine State Operator Commodity Minin 
meth 
METALS 
Utah Copper Utah Kennecott Copper Corp Copper O pit. 
Twin Buttes. ...... Ariz........ The Anaconda Company.... ..... do v Bo. 
Sierrita............ Ariz.......- Duval Sierrita Cord dó.- c sc Do. 
Hoyt ate 3 Minn Pickands Mather & Co.....- Iron ore Do. 
Tyrone N. Me Phelps Dodge Corp Copper Do. 
Peter "Mitchell ee Minn Reserve Mining Co... Iron ore Do. 
Pima...........-. Ariz.......- Pima Mining Co..........- Copper...........- Do. 
Eagle Mountain.  Calif........ Kaiser Steel Corp. ......... Iron ore Do. 
Morenci........... Ariz.......- Phelps Dodge Cord Copper Do. 
Lavender Pit. ATE... n. (O EE do Do. 
Minn tac Minn United States Steel Corp.... Iron ore Do. 
Ray fit. Ari Kennecott Copper Corp Copper Do. 
New Cornelia Aris. Phelps Dodge Corp......... ..... "i (o EE Do. 
Chino N. Me Kennecott Copper n 5 do... Do. 
Mission ATE... American Smelting and ...... do. cll Do. 
Refining Company. 
Veteran........... Ned Kennecott Copper Corp..... ..... 86 EA Do. 
Russell ville Ala United States Pipe & Iron ore Do. 
Foundry Co. 
Questa N. Me ... W Corporation of Molybdenum...... Do. 
merica. 
TSG-1 + Dave.... Wo Petrotomies COo Uranium. ......... Open pit, 
open stop es. 
Mineral Park Ariz.......- Duval Cord Copper Open pit. 
Clima Colo........- American Metal Climax, Molybdenum. ..... Caving. 
Sherman Minn Taitea States Steel Corp.... Iron ore........... Open pit. 
Esperanza Ari val Cor op per Do. 
Empire Mich. ...... Cleveland Cliffs Iron Co Iron ore Do. 
Inspiration Ariz.......- Inspiration Consolidated Copper Do. 
Copper Co. 
NONMETALS 
Kingsford Fla International Minerals & Phosphate rock.... Open pit. 
| Chemical Co. 
Noralyn..........- VCC Joo ³ͥ öh dE uu, Yet do. e Do. 
Payne Creek.. CCC Agrico Chemical Co........ ..... do----------- Do. 
Su wanne Fla Occidental Chemical Co..... ..... doo Do. 
Palmetto Fla. PES Agrico Chemical Co.. 8898 Do. 
Sydney p . F.. American Cyanamid Coo. 10 E Do. 
Lee Creek N ts Texas Gulf Sulphur Co 40 2 u SS Dredging. 
Bonny Lake....... I eana W. R. Grace & oo do Open pit 
Fort Meade CC Mobil Chemical Coo. re awa Do. 
Saddle Creek Fla Agrico Chemical Co........ ..... S ccs eS Do. 
Tenoroc..........- F Borden Chemical Co........ ..... do t.e Do. 
Gay- ------------- Idaho J. R. Simplot Coo... dee ie Do. 
Rockland Fla . Agricultural Chemical ` do. 22.2. Do. 
Bartow............ Ree, Boose e elect ³ AA id G Do. 
Boron............- Cali United States Borax & Boron Do. 
Chemical Corp. 
Huber Ga J. M. Huber Corp........... lege enee Do. 
Clear S rings EEN Fla Mobil Chemical Co......... Phosphate rock Do. 
Silver City........ Fla Swift & c o/ 40 Do. 
Chicora- a C ees American Cyanamid Co..... ..... 4808 2 Do. 
Phosphat Fla U. ros Phosphoric Products ` ..... 8 ee Do. 
Griffin Ga Freeport Kaolin Co Clay ( ( Do. 
Watson Fla... . . ... Swift & Co. `. Phosphate rock.... Do. 
Silver Peak........ Ney... Foote Mineral COo Lithium Do. 
Orange Park....... Fla American Cyanamid Co Phosphate rock Do. 
Libby Mont W. R. Grace & Co ` Vermiculite Do. 
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Table 9.—Twenty leading plants in the United States that produced nonmetallics and 
other materials from lakes, ponds, seas, or wells, in order of output of raw materials 


Plant State Operator Commodity 
Magnesia Cali Kaiser Aluminum & Chemical Corp Magnesium compounds. 
Cape Mace Nu ene Northwest Magnesite Coo Do. 
Chula..............- Cali Mee ³˙·- ⁰⁰ ee Do. 
Tron Cali American Potash & Chemical Corp. .... Boron. 
Nichols Ala Olin Mathiesen Chemical Corp Salt Brine. 
Columbia I Dow Chemical Cc o Bromine. 
Freeport Texas. E siete eee ee ee ee Salt brine. 

South San Francisco..  Calif........ Merck & Co. Ille Magnesium compounds. 
Westend............ Cali Stauffer Chemical COo Boron. 
Arkansas Chemical... Ark. ........ Arkansas Chemicals Ine Bromine. 
Union. -.---------- Ark Great Lakes Chemical Cord Do. 
Wyandotte Mic ...... Wyandotte Chemical Corp. ..........- Salt brine. 
Cane Creek Utah........ Texas Gulf Sulphur Co...............- Potassium salts. 
Iberville............- L8. uc The Dow Chemical Coo Salt brine. 
Boling Dome. ....... Texas Texas Gulf Sulphur Coo Frasch sulfur. 
IIC ( N.N. Allied Chemical Cord Salt brine. 
Plaguemine E38: 54 eee” ocu Jſ%⅛0ꝙR::Qmu esos. Do. 

Grand Isle | uc Freeport Sulphur Coo Frasch sulfur. 
Paines ville Ohio Diamond Shamrock Coo Salt brine. 


Grand Ecaille........ Lcd Freeport Sulphur Co.................- Frasch sulfur. 


Strip and Mul- | Strip and Mul- 
single tiple single tiple 
bench bench bench bench 

COMMODITY 
METALS NONMETALS— Continued 

Beouxite -22-an 67 88 Diatomite...................-- 7 93 
e eene x wes 16 84 e acus e ERR 74 26 
Gold: Lode.................... ....- 100 Fluorspar.....................- 30 70 
Tron: o 2. ce 2. S SZ 18 87 Gypsum......................- 88 12 
Mercury.........--..-.-.------ 54 46 ie 25 75 
NM ³⁰ꝛW¹¹mA⁰r 22e Sees 100 Lithium minerals. 100 
Rare-earth metals and thorium... ..... 100 Marl, greensand. ............-.- 100 ..... 
Uranium 16 84 Mica: Flake 84 16 
WADE oe ³Ay ñͤ ß eee ote 4 96 Gerl 88 100 ..... 
NONMETALS Pl anu aa 1 
Abrasives Phosphate rock........-...---.- 96 4 
Emery.... E 100 ..... Pumice... vy xS 98 2 
Garnet... co.uk 2b 75 Sali... o ⅛˙»m ee oe 100 ..... 
Iii 100 ..... s and gra veel 100 `... 

e locare nV 1 29 
Asbestos........--...---..----- 42 58 "Crushed and broken......... 74 26 
Harié.. dau ĩ 86 14 Dimension 76 24 
Boron minerals... 100 Tale, soapstone, and pyrophyllite. 88 12 
!! ³¹ ¹AAA cows woes 93 7 Vermiculite 20 80 

Strip and Mul- Strip and Mul- 
single tiple single tiple 
bench bench bench bench 

STATE 

Alabeama anna. 91 9 Montang -a-e 81 19 
Alaska. yx 100 ..... Nebraska -2-2 9 
AYISORB8& eeneg 17 83 Nevada..............-.-.....-.-- 43 57 
Arkansas.____. . . . .. . . . . . . eom Ec 94 6 New Hampshire 96 4 
California 33 67 New Jersey. /// 79 21 
Colorado cate 97 3 New Mexico. ............-...-- 37 63 
Connecticut_.....--.......--..- 89 11 New York. ...............--.-- 64 86 
Delaware 89 11 North Carolina 96 4 
Florida.......................- 100 ..... North Dakota 100 ..... 
Georgia 4 // ²˙ AA AA s 2susks 2 86 14 
ie eee ewe 75 25 Oklahoma. ...................- 96 4 
U ĩðͤ w nme 41 59 ÜTegol.. A eee 94 6 
Hüuneds....dꝑ„‚ 92 8 Pennsylvania 71 29 
Idas enne mem 91 9 Rhode Island..................- 85 15 
te TEE 90 10 South Carolina 87 13 

7 8 100 ..... South Dakota. ................- 98 2 
Kentucky....................-. 89 11 Tennesseãe e 94 6 
Louisiana...................... 99 1 NU T h 9 95 5 
Maine_..... . . .. . .... . uc ESAE 91 9 Utah... et saus esa kaysa 15 85 
Maryland...................... 68 32 Nermont --------------- 87 13 
Massachusetts 85 15 MIFEIDIB oo 66 84 
Michigan...................... 60 40 Washington...........-..-...-. 98 2 
Minnesota 78 West Virginia. ................. T1 29 
Mississippi..................... 100 ..... Wisconsin... 94 6 
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Table 10.—Kind of surface mining operation, by commodities 
and States, in 1968 


(Percent of erude ore) 
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Table 13.—Mining methods used in open-pit mining, by commodities, in 1968 


(Percent) 
Total material Total material 
handled handled 
Commodity Preceded Not Commodity Preceded Not 
by drilling preceded by drilling preceded 
and by drilling and by drilling 
blasting and blasting and 
blasting blasting 
METALS | NONMETALS—Continued 

r ---------------- 98 7 SE Seegen ex CH 100 
inde ME - 2  Feldspar 0 86 7U id 
Gok : Fluorspar...................- 69 81 
FF ae eT Cee ETS 91 9 Ghee cesses lus 100 ....... 
. PlieepR...-.......-..-922-4. Dabo 100 er SE pi 14 
ad- 16 34 Lithium miner 78 
Mereure. 2 58 Magnesite. .................- 100 ....... 
Molybdenum................- 100 ....... Mica: Flake - 93 
EE 19 81 SE $ 66 
)TCTCTCCCCVVTCT ee Phosphate tock 7 0s 99 
Silver . 48 52 Pümi6e-... 2. scu 8 100 
Titanium: Concentrate. ....... 49 51 Sana and SIAVO. ....--------- ----- 100 
esp ME MEME - Crushed and broken........ 8 z 
n Sulfur: Other VVV 100 ....... 

Abrasive stone 50 50 Talc, soapstone, and 
EIERE 29 71 pyrophyllite...............- 68 82 
Asbestos._.....-...----.----- éi SE Vermiculite 56 44 
Clays..._......------------- 21 79 Total 49 51 


Table 14.— Exploration and development activity in the United States, by methods 


Metals Nonmetals Total 
Method Feet Percent Feet Pereent Feet Percent 
of total of total of total 
1967 
Shaft and winze sinking. ..... 20,829 0.6 2,947 0.6 23,176 0.6 
00 NERIS 176,318 1.0 8,061 .8 184,979 9 
Drifting and crosscutting..... 1,065,713 6.3 60,559 2.7 1,126,272 5.9 
Diamond drilling 2,514, 670 14.9 123,303 5.6 2,687,978 13.8 
Churn drilling 202,991 1.2 9,425 . 4 12,416 1.1 
Rotary drilling 8,625,263 51.3 1,383,566 62.9 10,008,829 52.7 
Percussion drilling 4, ; 23.8 ,665 12.7 4,289, 746 22. 5 
Trenching. --.-----.-------- 67,483 4 28 ,824 1.8 96,307 6 
Other... -22-2 MM 111, 422 . 6 800,993 18.6 412, 415 2.1 
Total ˙· AAA Unc 16, 793, 770 100.0 2,197,743 100.0 18,991,518 100.0 
1968 
Shaft and winze sinking. ..... 22,842 0.7 1,962 0.5 24,804 0.6 
TEE 188 ,071 , H 8,937 .4 192,008 .7 
Drifting and crosscutting..... 830,816 8.5 80,398 1.6 861,209 8.4 
ond ng... oc n 422,242 10.4 129,712 1.2 2,651,954 10.2 
Churn drilling............... 370 ,068 1.5 6,1 .9 „254 1.5 
drilling 16,428, 468 70.8 1,043,740 57.9 17,472, 208 69.9 
Pereussion drilling 2, 635, 808 11.3 ,042 22.7 8,045,845 12.1 
Trenchn g 110, 541 4 255 , 6 121, 796 4 
Other. et 182, 906 .7 158, 758 8.8 341, 664 1.8 
Total.. ......-.------ 28,186,752 100.0 1,800,990 100.0 24,987, 742 100. 0 
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Table 17.—Total material (ore and waste) produced by exploration and development 


in the United States, by commodities and States, in 1968 


(Thousand short tons) 


Shaft and Drifting 
winze Raising and cross- Trenching Stripping Total 
sinking cutting 
COMMODITIES 
METALS 
Ur ³˙A¹wmw ⁰ | uec RK GE 1,709 1,722 
% 2.2.2: k. ⁊ .ßy T k n AA 2, 795 2, 795 
SES EE 24 59 277 50 188 ,099 188 , 509 
old: 
/A 2 25 94 1 6,693 6,815 
Plater 2 ß ß we UIS 8 40 
Irene ĩðᷣ --------- 2 50 457 —8 84, 488 84, 997 
TON SPRUCH ne DUC 7 58 216 127 117 624 
Mercur 1 4 16 178 447 641 
Molybdenum. mn 20 7 199 GGecsimzcez 226 
IEN 50 16 94 53 84 247 
Tungsten... 6 66 1 139 
Uranium 20 25 665 17 5,989 6,716 
IJ ⁰ aa 21 37 241 3 308 
Ao ⁰˙¹ za ͥͥͥͥͥͥͥͥͥ00ͥ A Je ͥſĩ¾ ²˙¹Üi˙-¹ä . ꝛ˙ Re 519 519 
Total metals 22 .. 149 291 2, 840 436 290, 995 294,211 
— r e K —vKN—— — — 
NONMETALS 
% 2 5222-22 Eder, eed ed 88 1 4 
Baril Üĩ%Üoigg ⅛ Ü “ͤmũ: ß y ` Quse ADC 8 85 90 
ET see èͤ .. ee J a aS I 8, 386 8,387 
/// ³˙¹ ii ⁰⁰my 8 3 I 
Fiuorepgar 2 3 222 A 4 31 
J ·¹AAATTTTT ( eSI C 2 19. 22..222-- 6,024 6,045 
Frites 3 
Phosphate d ꝶ...dD᷑ coscccuce 265, 126 265, 126 
%%%/CͤÜðO1?y;; ð cen ͤ . ees 2 183 197 21,687 22,069 
Talc, soapstone & pyrophylite . 11 7 73 137 182 
Vermiculite 
e . . d E d dli m ed 291 295 
Total nonmetals 13 ! 14 268 198 801,742 302,285 
— === 
Grand total 161 805 2,607 685 592,736 596 ,444 
STATE 
7%7/Cõ ³Üww- ³]ĩ VU ] ⅛ Ee y t tcc Lue 508 508 
CI] MEE ͤ 0ꝓdSddd . ⁰ sss Wi clesie s 3 
Arizona.». 11 49 193 36 180, 278 180, 567 
rͥ u u ⁰ ⁰ A . ¿Sa 18. 4 1,669 1,687 
Californian 11 15 304 31 430 791 
Colorado 28 23 366 21 494 932 
Fiel EE 244,957 244,957 
))) ³⁵²;Qm]. EE 3,918 3,918 
o ae ER 21 39 105 46 7 218 
Ine... 8 1 3 20 — 6,187 6,211 
VT eee. ² rTLAA AA dtaseced 1,198 1,198 
LOWS EE ff!!! . 11, 908 11,912 
l Sus NOD 8 ))))... ĩ 20 23 
Kentuckꝶꝶꝶ / 1 . 81 85 
Michigan 6 12 . cus 15, 398 15, 547 
Minnesota. 6 odessana 8 75, 990 76,002 
MISSISSIOD EE 60 60 
io uri. 1 32 400 262 111 806 
Montang .--------------- 46 20 7 24 11 108 
(1. ³·w·Ü· ẽ - ³ꝛ¹¹aA ]³ꝛ»· ] CE ⁊ð x eeu A ES 151 151 
Nevada 2 8 18 185 6,989 7,197 
New Jersey, B00 A EE 8 
New Mexico 19 83 571 1 13, 768 14,892 
New KE ee ee --.-.-.-..-..... 14 3) ² ü ee 44 
Nette ⅛ð-ß ——w 22 19, 175 19, 175 
ae ege oa we ce loose ui 2 Sasa 4 
Eegenen, ͤũad ͥ d SSS sS Beek: LA NE S 2 
Pennsylvania...............-  ........- 5 ;! miss dues 47 
South Caroling... ll sow ¾ ĩ W» ꝶ( mede 269 269 
South Dakota. 20 BT 23-2 110 217 
Tennesse s maxm, --..-.-.-..-.. 4 155 - 222-422 2,717 2,876 
Texal.. cu ⁵ y . 1 Í. ¿L ˙ eee 167 169 
M!! ⁵˙• AAA Dazz 4 20 79 15 8,068 8,186 


See footnotes at end of table. 
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Table 17.— Total material (ore and waste) produced by exploration and development 
in the United States, by commodities and States, in 1968— Continued 


( Thousand short tons) 
Shaft and Drifting 
winze Rising and cross- Trenching Stripping Total 
sining cutting 
STATE—Continued 
Vermont.  .22.2..2.2-- 1 » dibnsuemes 4 
Viini oco . 4 %; EE 84 
Washington  ...-.-.-- 4 1 1 16 
Wisconsin..................- 3 „ 334 340 
WYOMING ensem. 222- --- 1 8 14 2,762 2, 785 
Pot! 161 305 2, 607 635 592,736 596,444 
1 Manganiferous ore and rare-earths metal. 
2 Data may not add to totals shown because of independent rounding. 
5 Flake mica, pumice and salt. 
Table 18.—U.S. consumption of industrial explosives 
( Thousand pounds) 
Black blasting 
powder High explosives Blasting agents 
———————— — ͤ——ẽ — —ö V Liquid 
Year Granular Pelltets Permis- Other than Ammonium oxygen Total 
sible permissible nitrate explosives 
processed and 
unprocessed 
1968 c2 z25:3c 502 636 76,319 422,779 958,864 1,834 1,455,924 
19884; ee zc 451 495 77,406 481,451 1,103,563 2,184 1,665,551 
L §öĩ 8 464 372 76,040 542,318 1,260,107 5,598 1,884,900 
1906... 8 240 223 74,527 538, 968 1, 343, 104 13,094 1,970,156 
1967 ieee 86 242 182 68,770 537,997 1,287,506 10,017 1,904,714 
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Table 19.—U.S. consumption of explosives in the minerals industry 


(Thousand pounds) 


Quarrying 
Year Coal mining Metal mining and 9 Total 
m 


PERMISSIBLE EXPLOSIVES 


—!——— ————— € — eW 15,150 74 560 75,784 
1964 E 75, 950 117 741 76, 808 
98 ĩðKy ĩ d sees 73, 564 79 1. 520 75, 163 
ee 71,091 95 1,957 51 
)); ↄ wd eee ecsdeee 65, 284 161 2, 238 67, 683 

OTHER HIGH EXPLOSIVES 1 
(E 23 , 397 83 ,657 133 ,216 240,270 . 
BOGS oo cto ei shes 90-0 2605022910 95 ec sis 23,557 119, 782 133 , 022 276, 861 
3 ³ A ates 22,090 123, 862 141, 050 281,002 
E 19,591 118 ,900 141,117 279 ,608 
19 y ĩ . — " 81,942 161,181 146,018 339,141 

AMMONIUM NITRATE BLASTING AGENTS 
UE 404 ,907 168,068 186,608 759, 578 
11 d Ee te tende 447,145 198 ,395 227,290 872, 880 
1960-2. ͤ ͤœAUl 0: ⅛¾ . ð ß eee 493,571 282,770 228, 284 954, 625 
. 5 0 2 2200529 e E ec 25 22 514,549 294,936 252,794 1,001,679 
D yer —————— 555,303 166,250 261,145 82, 
PELLET BLACK BLASTING POWDER 
Dol m ——— —— M 497 1 85 583 
11d ⁰ I 48 889 
1138. A seuss 126- iere 61 187 
REEL 0 25 102 
) ³ð KA ewes 32 1 23 56 
GRANULAR BLACK BLASTING POWDER 
ENEE US 860 169 429 
ARTIST DD. 108 6 145 259 
88... —— 15 4 120 139 
1966 333333888 AA 8 248 Susca 390 635 
. A ——— s 8 8 101 107 
TOTAL EXPLOSIVES ! 

. ———— — — M 504,211 251,800 320, 633 076, 644 
11. ee 547,101 818,300 861,246 226, 647 
J); S 589,866 856,715 871,035 817,116 
83 SE 605,553 853,331 896,283 855,167 
8d y a 8 652, 564 327, 596 409, 525 389, 685 


1 Excludes liquid oxygen explosives 
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Statistical Summary 


By Kathleen J. D’Amico ! 


This summary appears in Minerals Year- 
book volumes I-II, and III, which cover 
mineral production in the United States, 
its island possessions, the Canal Zone, and 
the Commonwealth of Puerto Rico, as well 
as the principal minerals imported into and 
exported from the United States. The sec- 
tions of this chapter and the area chapters 
in volume III contain further details on 
production. À summary table comparing 
world and U.S. mineral production also 
is included. 

Mineral production may be measured at 
any of several stages of extraction and 
processing. The stage of measurement used 
in the chapter is normally what is termed 
“mine output.” It usually refers to min- 
erals in the form in which they are first 
extracted from the ground, but customarily 
includes for some minerals the product of 


auxiliary processing operations at or near 
mines. 

Because of inadequacies in the statistics 
available, some series deviate from the fore- 
going definition. The quantities of gold, 
silver, copper, lead, zinc, and tin are re- 
corded on a mine basis (as the recoverable 
content of ore sold or treated). The values 
assigned to these quantities, however, are 
based on the average selling price of re- 
fined metal, not the mine value. Mercury 
is measured as recovered metal and valued 
at the average New York price for metal. 

The weight or volume units shown are 
those customary in the particular industries 
producing the respective commodities. No 
adjustment has been made in dollar values 
for changes in purchasing power of the 


dollar. 


1 Statistical officer, Minerals Yearbook. 


Table 1.—Value of mineral production’ in the United States, by mineral groups 


(Millions) 
Year Mineral fuels Nonmetals Metals Total 2 
(except fuels) 
AT oe eee eee eee $13 ,623 $4,623 $2,366 $20,612 
e . a E a 14,047 ,983 54 21, 524 
I%%%«éöõÜ—ẽõꝛ . m ß E r 15, 088 5, 176 2, 708 r 22,968 
7%%CôöÜ%iii eee etek r 16,195 r 5, 206 2,333 123, 734 
ö ³ð Kd ͥͤͤ y 16, 820 5,452 2, 703 24, 974 
r Revised 


1 Production as measured by mine shipments, sales, or marketable production (including consumption by 


producers). 


? Data may not add to total shown because of independent rounding. 
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Table 3.—Minerals produced in the United States and 
principal producing States in 1968 


Mineral Principal producing States Other producing States 
in order of quantity 
Antimony ))) Idaho, Alaska. 
i ee Va. 
Asbestos. ..........-......-- Calif., Vt., Ariz., N.C. 
Asphalt_...........-..-.-.-- Tex., Utah, Ala., K )ʒj . Mo. 
TT ss Mo., Nev., 'Ark., (Gi. cci Alaska, Calif., N.C., Tenn. 
Bauxite..................... Ark., Ala., Ga. 
ee ms cz Colo., S. Dak., N. Mex. 
, cocccioeeanaa aeai alif. 
Bromine..................-..- Mich., Tex., Ark., Calif 
Brucite................-.-..- Nev. 
Calcium-magnesium chloride... Mich., Calif. 
Carbon diox ide N. Mex., Colo., Calif., Utah. 
Cement Calif., Pa., Tex., Mich. ......... Ala., Ariz., Ark., Colo., Fla., Ga., 
Hawaii, Idaho., ns Ind. "Iowa, 
Kans., Ky. „ La. Mai ne, Ma. 
Minn., Miss., Mo., Mont., Nebr., 
Nev., N. Mex., N.Y., N.C., Ohio, 
Okla., Oreg., S. C., S. Dak., FTenn., 
Utah, Va., Wash.. W. Va., Wis. m 
yo 
Clau - W E uo lcs Ga., Ohio, Tex., N.C...........- All other States except Alaska, R.I. 
ei WEE W. Va., Ky., Pa., III Ala., Alaska, Ark., Colo., Ind., Iowa, 
Kans., | Md. Mo., Mont., N. Mex. 2 
Ohio, Okla., Tenn., Utah, 
Va. DWask, Wyo. 
Cobalt: .. us, u tne sess Pa. 
Columbium-tantalum. ........- S. Dak. 
Copper Ariz., Utah, N. Mex., Nev....... Alaska, Calif., Colo., Idaho, Maine, 
Mich., Mo., ont. „ Okla., Oreg., 
Pa., Tenn., Wash. 
ra NOE ROT SE Nev., Wash., Aris. ` Oreg. 
Feldspar Ee eege N. C., Calif., Conn., Ga... Ariz., Colo., Maine, N. H., N. Mex., 
8. C., 8. Bak., Va., Wyo. 
Fluorspar..._._. III., Ky., Mont., Colo Ariz., Nev., N. 'Mex., Utah. 
Garnet, abrasive N. Y., Idaho. 
Gold. os bese k eee S. Dak., Utah, Nev., Ariz....... Alaska, Calif., Colo., Idaho, Mont. 
N. Mex., Oreg., Pa., Tenn., Wash. 
Graphite. ................... Tex. 
Gypsum....................- Mich., Calif., Iowa, Tex......... Ariz., Ark., Colo; ; Idaho, Ind., Kans., 
La., Mont., , N. Mex., N K aj 
Ohio, Okla., Pu Dak.. Utah, Va., 
ae Wyo. 
Ai 8 Kans., Tex., Okla., Ari N. Mex 
Iodine. ................-...- ich. 
Iron ore Minn., Mich., Calif., Wyo....... Ala., Ariz., Colo., Ga., Idaho, Miss., 
Mo., Mont., Nev., N. J., N. Mex., 
Y., Pa., Tex., Utah, Va. 
Kyanite. ...................- Va., Ga., S.C., Fla. 
TONG oe sete (88 Mo., Idaho, Utah, Gele Alaska, Ariz., Calif., III., Kans., Ky., 


Mont., Nev., N. Mex., N. V., Okla., 
Va., Wash. „ Wis. 

C77777C§·˙Ü ]ĩ¾˙ä m Ohio, Pa., Mich., Woo Ala., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, III. o Ind., 
Iowa, Kans., La., Md., Mass., Minn., 
Miss., Mont., Nebr., Nev., NJ., 
N. Mex., N. V., N. Dak., Okla., 
Oreg., S. Dak., Tenn, Tex., Utah, 
Vt., Va., Wash., W. Va., Wis., Wyo. 


Lithium N. C., Nev., Calif., S. Dak. 
Magnes ite Nev., Wash. 
Magnesium chloride Tex. 
Magnesium compounds. ...... Mich., Tex., Calif., N.J......... Fla., Miss., Utah. 
Manganese ore N. Mex., Mont. 
Manganiferous ore Minn., N. Mex., Mont. 
Manganiferous residuum. ..... N.J. 
Marl, greensand.............. N. J., Md. 
Muay Z co eit ˙ N RAIT. Calif., Nev., Idaho, Or egg Alaska, Ariz., Tex., Wash. 
ca: 
OPE So d ⁰ ov ee eck N. C., Ala., Ga., S.C. ........... Ariz., Calif., Conn., N. Mex., Pa., 
S. Dak. 

Sheet... . 3 N.C. 
Molvbdenum --------- Colo., Ariz., Utah., N. Mex ` Calif., Nev. 
Natural gas Tex., La., Okla., N. Mex........ Ala., Alaska., Ariz., Ark., Calif., 


Colo., Fla., Ill., ind Kans , Ky. ue 
Md., 'Mich. ey Miss. m Mont., 
Nebr., N.Y., N. Bak. "Ohio, Pa. ge 
Tenn., Utah, Va., W. Va. 5 Wyo 
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Table 3.—Minerals produced in the United States and 
principal producing States in 1968—Continued 


Mineral Principal producing States Other producing States 
in order of quantity 
Natural gas liquids. .......... Tex., La., Okla., N. Mex........ Ark., Calif., Colo., Fla., Ill., Kans., 
Mich., M e Nebr., 
N. Dak., Pa., eb. Ww W. Va. e Wyo. 
ae $859» Oreg. 
Oli vine Wash., N. C. 
Peat ——— ni 2 ep ep om ep Xm m Mich., III., N. J., Ind — — 222 ep wm Calif., Colo., Fla., Ga., Idaho, Iowa 
Maine ass., N. Mex., N. Y., 
N. Dak., Ohio, Oreg., Pa., S.C., 
Vi. ash., Wis. 
Perlite N. Mex., Ariz Nevo Calif...... Colo., Idaho. 
Petroleum Tex., La., Cali. © 553 Ala., Alaska, Aris. Ark., Colo., Fia., 
III., Ind., A 
Mo., Mont., Nebr., Nev., N. Mex., 
N.Y., N. Dak., Ohio. Pa., S. Dak., 
Tenn., Utah aW . Va., Wyo. 
Phosphate roch Fla., Idaho, Tenn., N. C.. Calif., Mont., Utah, Wyo. 
Platinum- group metals Alaska, Calif. 
Potassium salts. ............- N. Mex., Utah, Calif., Mich Md. 
Pumice.....................- Aris., Calif., Oreg., Hawaii...... Colo., BE Kans., Mont., Nebr. 
Neve Ne . Mex., Okla., Tex., Utah, 
Pill eege Tenn., Pa., Colo., Aris S. C., Utah. 
Rare- earth metals Calif., Ga., Fla., Colo. 
UO MEETS RD TN La., Tex., Ohio, N.Y............ Ala., Calif., Colo., Hawaii, Kans., 
Mi ev., N. Mex. N. Dak., 
Okla., Utah, Va., W. Va. | 
Sand and gravel.............. Calif., Mich., Ohio, Ill.......... All other States. 
Silvers. occ Sends S... Idaho, Utah, "Arie, Mont Alaska, Calif., Colo., Maine, Mich., 
Mo., Nev., N. Mex., N. V., Okla., 
Oreg., Pa., S. Dak., Tenn., Wash. 
Sodium carbonate. ........... Wyo., Calif. 
Sodium sulf ate Calif., Tex., Wyo. 
Staurolite. .................- 
%%! Zulu ZS Pa., III., Tex., Ohio All other States. 
Sulfur (Frasch)............... vn Tex. 
Sulfur, ore..................- Calif. 
Talc soapstone, and N. V., Calif., Vt., Tex........... Ala., Ane. Doge Md. ao Nev., 
pyrophyllite. N.C., O Pa., Ya., W. 
gn, IS. ¿o eset ewe eee wees Colo., Alaska. 
Titanium N. V., Fla., N.J., Ga Va. 
Tripoli—— 77.77... III., Ókla., Ark., Pa. 
Tungsten. Calif., Colo., Mont., Nez. Ariz., Idaho, Utah. 
Uranium. ................... N. Mex , Wyo., Colo. „ Utah..... Ariz., N. Dak., S. Dak., Tex. 
Eeer Colo., Ark., Idaho, Utah. ....... Ariz., N. Mex. 
Vermiculite Mont., S.C., Tex., ’ Ariz. 
Wollastonite................- N.Y., Calif. 
%%% A E E Tenn., N.Y., Idaho, Colo Ariz., Calif., D Pan, » Ky. Maine, 
Mo., de Nev. N. M Mex., 


Okla., Pa., Utah, Va Wash., Wis. 
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Table 4.—Value of mineral production in the United States, 
and principal minerals produced in 1968 


Colorado 


Kentuck / 
Louisiana 
Maine 


Nevada 
New Hampshire 
New Jersey.......... 
New Mexico......... 
New York........... 


North Dakota 
Ohi 


Oregon 
Pennsylvania 
Rhode Island 
South Carolina 


South Dakota 


Tennesse 


Virginia 
Washington 
West Virginia 
Wisconsin 


Value 


221,717 


576, 190 
24,974,244 


(Thousands) 
Percent 
Rank of U.S. Principal minerals in order of value 
total 
22 1.04 Coal, cement, stone, petroleum. 
25 -89 Petroleum, sand and gravel, coal, natural gas. 
10 2.47 Copper, molybdenum, cement, sand and gravel. 
28 .80 Petroleum, natural gas, bauxite, stone. 

3 7.24 Petroleum, natural gas, sand and gravel, cement. 
17 1.44 Molybdenum, petroleum, coal, sand and gravel. 
45 .10 Stone, sand and gravel, feldspar, lime. 

50 .01 Sand and gravel, stone, clays, gem stones. 
18 1.22 Phosphate rock, stone, cement, clays. 
29 .69 Clays, stone, cement, sand and gravel. 
46 .09 Stone, cement, sand and gravel, pumice. 
32 .46 Silver, phosphate rock, zinc, lead. 
8 2.59 Coal, petroleum, stone, sand and gravel. 
23 -94 Coal, cement, stone, petroleum. 
81 .47 Cement, stone, sand and gravel, gypsum. 
12 2.28 Petroleum, natural gas, helium, natural gas liquids. 
15 2.14 Coal, stone, petroleum, natural gas. 
2 17.30 Petroleum, natural gas, natural gas liquids, sulfur. 
47 .07 Cement, sand and gravel, stone, zinc. 
38 .29 Stone, cement, sand and gravel, coal. 
43 .17 Sand and gravel, stone, lime, clays. 
9 2.51 Iron ore, cement, copper, sand and gravel. 
13 2.27 Iron ore, sand and gravel, stone, cement. 
26 .88 Petroleum, natural gas, sand and gravel, clays. 
21 1.10 Cement, stone, lead, iron ore. 
24 .91 Petroleum, copper, sand and gravel, cement. 
37 .90 Petroleum, cement, sand and gravel, stone. 
30 48 Copper, gold, sand and gravel, diatomite. 
48 04 Sand and gravel, stone, clays, feldspar. 
36 31 Sand and gravel, stone, zinc, magnesium compounds. 

7 3.58 Petroleum, natural gas, uranium, copper. 

19 1.20 Cement, stone, sand and gravel, salt. 

94 .o3 Stone, sand and gravel, phosphate rock, cement. 
33 .99 Petroleum, sand and gravel, coal, natural gas. 
14 2.15 Coal, stone, sand and gravel, cement. 

4 4.07 Petroleum, natural gas, natural gas liquids, stone. 
40 .26 Sand and gravel, stone, cement, nickel. 

6 3.62 Coal, cement, stone, sand and gravel. 

49 US Sand and gravel, stone, gem stones. 
42 .21 Cement, stone, clays, sand and gravel. 
41 22 Gold, sand and gravel, stone, cement. 
27 .81 Stone, zinc, cement, coal. 

1 22.05 Petroleum, natural gas, natural gas liquids, cement. 

16 1.70 Copper, petroleum, coal, molybdenum. 
44 .11 Stone, asbestos, sand and gravel, talc. 
20 1.18 Coal, stone, cement, sand and gravel. 
35 .33 Sand and gravel, cement, stone, zinc. 
5 3.67 Coal, natural gas, stone, natural gas liquids. 
39 .29 Sand and gravel, stone, zinc, cement. 
11 2.31 Petroleum, uranium, natural gas, sodium salts. 
-. 100.00 Petroleum, natural gas, coal, stone. 
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Table 8.—U.S. exports of principal minerals and products 


1967 


Mineral 
Quantity 
Metals: 
Aluminum: 
Ingots, slabs, crude. ..........- short tons 209 ,009 
EEN ope es oe E do.... 54,531 
Plates, sheets, bars, ete do.... 96,275 
Castings and forgings............... do.... 2,816 
Antimony: Metals and alloys, crude. short tons 82 
Bauxite, including bauxite concentrates 
thousand long tons.. 
Aluminum sulfat short tons 16,173 
Other aluminum compounds. ........ do.... 578, 627 
Bell 8 pounds 76,117 
Bismuth: Metals and allovg -------- do- 152, 684 
Cadmium thousand pounds 691 
Chrome: 
Ore and concentrates 
x ports thousand short tons 8 
Beexporta. -0 ----------- do- 157 
Chromic aci³¹udſddd . . . .. ....- do 1 
Ferrochrome uu do... 13 
Cobalt. oo sce cote eS thousand pounds E 1,498 
Columbium metals, alloys and other forms 
thousand pounds.. 6 
Copper: 
Ore, concentrate, composition metal and 
unrefined (copper content)....short tons 59,692 
Refined copper and semimanufactures. do- r 200,084 
Other copper manufactures. ......... do.... 6,57C 
Copper sulfate or blue vitriol... short tons 979 
Copper base alloy do.... 78,213 
Ferroalloys: 
Ferrosilicon.......................- do.... 11,774 
Ferrophosphoroun s do- 22, 901 
Ore and base bullion.......... troy ounces.. 112,578 
Bullion, refined. ................... 0.... 28,607,404 
Iron ore -.-.--------------- thousand long tons.. r 5,906 
Iron and steel: 
PIG NON oe ee Se ee oe short tons 7,451 
Iron and steel products (major): 
Semimanufactures. ............. do 11, 375, 920 
Manufactured steel mill products. do- r 521, 777 
Iron and steel scrap: Ferrous scrap, including 
rerolling materials. .......... short 8 r 7,668,814 
Lead: 
Pigs, bars, anode ns do 6,536 
o —————— n do.... 394 
Magnesium: 
Metal and alloys and semimanufactured 
forms, n.e.c. ....... e short tons 13,173 
Manganese: 
Ore and concentrate do- 15,375 
Ferromanganese..................-.- do. 1,861 
Mercury 
Exports.._-.. lees 76-pound flasks.. 2,627 
Reexporta ++ ee do 475 
Molybdenum: 
Ore and concentrates (molybdenum content) 
thousand pounds 30, 000 
Metals and alloys, crude and scrap. . do 50 
Jö;öÜõ eene do.... 34 
Semifabricated forms, nee... o... 292 
Powder___. ecko oS ee .......-..-- do.... 241 
Ferromolybdenum.................. do.... 1,533 
Nickel: 
Alloys and scrap (including Monel metal), 
ingots; bars, sheets, eta short tons 26,169 
Catalyst do- 3,441 
N icket-chrome electric resistance wire do.... 565 
Semifabricated forms, n.e.c.......... do.... 1,362 
Platinum: 
Ore, concentrate, metal and alloys in ingots, 
bars, sheets, &nodes, and other forms, 
including scrap............. troy ounces.. 161,585 


See footnotes at end of table. 


Value 
(thou- 
sands) 


$99 ,961 


32,951 

r 213,644 
7,472 
776 

75, 809 


3, 228 
847 


3,940 


1,001,259 


, 585 
319 


r 288 , 709 
r 266,607 


251,236 
4,767 
198 
9,115 


1,502 
760 


1968 


Quantity 


180 ,279 


98,534 


18,372 
36, 708 


181, 385 


23, 781, 984 


10,941 


1,759 ,527 


0,215 


6,692,058 


8,281 
937 


19,457 


18,500 
3,710 


222 ,998 


98,322 


4,481 
930 


6,765 
832,394 
70,835 
657 


307 , 885 
293, 775 


202, 849 
4, 740 
219 
13,049 


2,042 
645 


3,951 
54 


30, 997 
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Table 8.—U.S. exports of principal minerals and products—Continued 


1967 1968 
Mineral Value Value 
Quantity (thou- Quantity E 
sands) sands) 
Metals—Continued 
Platinum—Continued 
Palladium, rhodium, iridium, osmiridium, 
ruthenium, and osmium (metal and alloys 
including scrap)...........- troy ounces. _ r 118,267 r9,772 172,159 18,522 
Platinum group manufactures, except jewelry. NA 2,978 NA 2,493 
Rare earths: 
Cerium ore, metal, alloys and lighter flints 
pounds 141,338 803 89,858 303 
Silver: 
Ore and base bullion. .thousand troy ounces. . 2,365 4,242 23,129 47,549 
Bullion, refined do 68 ,404 91,718 102 ,632 199,551 
Tantalum: 
Ore, metal, and other forms 
thousand pounds 134 1,724 171 1,899 
a , . EE do r 51 r 1,599 84 2, 668 
in: 
Ingots, pigs, bars, ete: 
Exports long tons 2,050 6, 962 3,813 12,784 
| Reexports.............-..-..-.- do.... 429 1,412 682 2,261 
| Tin scrap and other tin-bearing material 
except tinplate scrap long tons 2,957 1,490 5,128 2,616 
Titanium: 
Ore and concentrate short tons 8,027 167 4,238 216 
Sponge (including iodide titanium and scrap) 
short tons.. 1,429 1,703 2,756 1,748 
Intermediate mill shapes and mill products, 
(EE short tons r 1,812 r 13,366 1,228 7,575 
Dioxide and pigment ss do- 25, 852 7,165 30, 188 8,227 
Tungsten: Ore and concentrates: 
Exports..._.. ckcd de mu LMpOmcE do.... 944 r 2,934 604 1,705 
Reex ports do 269 576 56 117 
Vanadium ore and concentrate, pentoxide, etc. 
e (vanadium content: thousand pounds.. 1,575 4,043 925 1,972 
ine: 
Slabs, pigs, or blocks short tons 16,809 4,287 33,011 9,797 
Sheets, plates, strips, or other forms, n.e.c. 
short tons 3,565 2,709 3,048 2,228 
Scrap (zinc content)...............- do.... 1,665 530 2,293 886 
Semifabricated forms, nee... do.... 2,161 1,177 15, 000 3, 840 
Zirconium: 
Ore and concentrate do- 2,729 360 2,026 361 
Metals and alloys and other forms. . pounds. . 637,612 6,909 693,927 8,709 
Nonmetals: 
Abrasives: 
Dust and powder of precious or semiprecious 
stones, including diamond dust and powder 
thousand carats.. 4,917 12,526 6,015 16,616 
Crushing bort do.... 18 210 26 168 
Industrial diamond do.... 148 924 300 1,153 
Diamond grinding wheels. ..... ...... do.. 429 2,946 594 9,010 
Other natural and artificial, metallic abrasives 
and produeta NA 84,290 NA 89,319 
Asbestos: Unmanufactured: 
Exports s short tons 47,356 5,951 41,217 4,677 
ReexportS `- ---------------------- do.... 862 74 19 2 
Boron: Boric acid, borates, crude and refined 
short tons 186,482 18,710 206,823 20,347 
5 can D uL thousand 376-pound barrels. . 980 4,452 942 3,884 
ays: 
Kaolin or china ela short tons 321,929 9,921 889,882 12,995 
Fire cláy.. egen Sege do- 176, 367 2,789 151, 940 2,672 
Other clays. ...............-.--.--- do.... 651,366 19,853 977,804 28,575 
Rae! 8 do- 10,345 517 12,614 496 
phie. sees! do- 3, 569 460 4,169 509 
Gypsum: 
Crude, crushed or calcined 
thousand short tons 89 1,707 89 1,688 
Manufactures, n.e..‚ -2-2 NA 1,211 NA 1,868 
Kyanite and related minerals short tons 21,428 1,408 20, 477 1,311 
EE do- 52, 143 1,099 68,915 1,437 
Mica sheet, waste and scrap and ground..pounds.. 14,301,524 781 27,014,321 1,408 
Manufactured do- 526, 690 1,753 474, „509 1,358 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products—Continued 


FF Ó—— ———— ÁO ———— Á— „ p  AUÓá—Á————— d 22 ̃ — dn 


Mineral 


Nonmetals—Continued 


Mineral-earth pigments: iron oxide, natural and 


manufactured..................- short tons 
Nitrogen compounds (major) 
thousand short tons 
Phosphate rock. ................-.....- do 
Phosphatic fertilizers (superphosphates)...do.... 
Pigments and compounds (lead and zinc): 


Lead pigment“.nkk short tons. . 

Zinc pigments. ........... 222... -- do.... 
Potash: 

Fertiliger__________._.... . .. .. ....-..- do.... 

Chemical- u . eee Once 
Quartz, natural, quartzite, cryolite and chiolite 

short tons 

Salt: 

Crude and refined... . thousand short tons 


Shipments to noncontiguous Territories 
thousand short tons 
Sodium and sodium compounds: 


Sodium sulfate........ thousand short tons 

Sodium carbonatee do.... 
Stone: 

Dolomite, block...................- do 


Limestone, crushed, ground, broken. do 
Marble and other building and monumental 
thousand cubic feet 
Stone, crushed, ground, broken 
thousand short tons 


Manufactures of stone ....-- 
ur: 
Crude 3 thousand long tons 
Crushed, ground, flowers o do 
Tale, crude and ground —- ` short tons 
Fuels: 
Carbon black thousand pounds 
Coal: 

Anthracite- --.--.---- thousand short tons 
Bituminou s 9 S 
Briqu ost,, od ote ee do.... 
C%);§;öy il es do.... 

Petroleum: 
Grundes glue thousand barrels. . 
Gasoline. aas do- 
J))!;;; K ce wa uU do 
Naphthá. gs... seeks ce do 
röse soosse ³ A 8 do 
Distillate oil... ....... ...........- do.... 
Residual ol ......... 2.2 -:---- do.... 
Lubricating oil do 
ABpH816: LL owen eee eens do 
Liquefied petroleum gases do- 
WEBX.cloososmi Ge Meg as nie EHE do 
(ër) do. 
Petrochemical feedatocks `. do. 
Miscellaneous. do 
// ³ðV. ned ua dE d 

r Revised. XX Not applicable. 


NA Not available. 


1967 


Quantity 


3,123 


2,911 
10,282 
743 


1,909 
4,175 


1,146,131 


29,060 
1, 228 
678 

11 


28 
304 


113 
1,159 


NA 


306 
NA 


2,043 
150 
66,195 
r 236,035 


Value 
(thou- 
sands) 


$1,312 
165,008 
94,413 
35,139 


772 
1,331 


35,010 
4,886 


285 
4,583 
892 


856 
9,914 


1,756 
3,496 


958 


3,743 
1,203 


81,492 
9,522 
3,450 

r 24,410 
7,622 
r 475,015 
2,293 
16,492 


r 86,387 
19,106 


4,876,648 


1968 


Quantity 


3,321 


4,042 
12,083 
1,289 


1,877 
4,940 


1,389,491 


33,397 
151 
728 

18 


56 
288 


102 
1,297 


NA 


292 
NA 


1,549 
53 
65,648 


263,122 


518 
50, 687 
5 


Value 
(thou- 
sands) 


$1,251 
186,472 
104,559 
56,359 


770 
1,488 


39,610 
5,114 


168 
4,650 
1,772 


1,844 
9,131 


1,518 
3,294 


849 


28 ,626 


6,553 
495 95 


4,949, 527 
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Table 9.—U.S. imports for consumption of principal minerals and products 


1967 
Mineral Value 
Quantity (thou- 
sands) 
Metals: 
Aluminum 
Metal o nonu A short tons 449,716 $194,995 
EE do- 30, 489 10, 040 
Plates, sheets, bars, ete ` do.... 58,341 40,243 
Antimony: 
Ore (antimony content)............- do.... 10,517 . 4,090 
Needle or liquated.................. do.... 2 18 
Metal eege 888 do- 2, 654 1,849 
// A E IRRE . do- 5,098 3,762 
Arsenic: White (As: Os content) do- 27,075 2, 503 
Bauxite: Crude thousand long tons r 11,594 151,418 
Beryllium ore Short tons 9,511 , 167 
Bismuth (general imports)............. pounds.. 1, 379, 729 5,172 
Boron earbide 9. e do 214, 620 469 
Cadmium 
Metal ` thousand pounds 1,587 8,817 
Flue dust (cadmium content)........ do- 1,166 1,093 
Calcium: 
J.. hee pounds 423, 631 370 
Chloride...................... short tons ,985 158 
Chromite: 
Ore and concentrates (Cr:;O: content) 
thousand short tous 568 21,854 
Ferrochrome (chromium content) do 39 13, 75 
pl l o se et 8 do.... 1 1,842 
Cobalt: 
Metal.................- thousand pounds 7,946 14,420 
Oxide (gross weight)... do.... 1,044 1,670 
Salts and compounds (gross weight). do 167 200 
Columbium ore do.... 7,481 5,266 
Copper: (co opper content) 
Ore and concentrates short tons 35,673 28,820 
Regulus, black, coarse. ............. do.... 2 35 
Unrefined, black, blister do- r 270, 728 r 217, 473 
Refined in ingots, l^ EE NO IRE do.... r 332,290 r 311,415 
Old and scrap..............-.-.-.-- do r 16,717 r 14,802 
Old and clippings..................- do.... 2,549 2,479 
Ferroalloys: Ferrosilicon (silicon content) 
short tons. . 15,387 4,456 
Gold 
Ore and base bullion.......... troy Duncan: 219,382 7,671 
Bulls karaosna enhe " 710,487 24,876 
Iron ore thousand long tons. r 44,611 r 443,918 
Iron and steel: 
Lef ët WEE short tons 605,234 27, 599 
Iron and steel products (major): 
Iron produets short tons r 27,614 r 6,450 
Steel products. ...............- do ' 11,457,973 1,319, 830 
dõ§öê d ees do- 215,635 8,181 
Jr pint 777... EE EDE do.... 13, 527 381 
a 
Ore, flue dust, matte (lead content) 
short tons 144, 156 29,111 
Base bullion (lead content do.... 677 1,224 
Pigs and bars (lead content) do.... 363, 596 88, ,697 
Reclaimed, scrap, etc. (lead content) 
short tons 9,368 1,951 
Sheets, pipe, and shot. do.... 1,212 822 
Babbitt metal and solder (lead content) 
short tons 413 1,428 
Manufactures. .... 2. 2. 22 Lll... do- 1,868 524 
Magnesium: 
Metallic and scrap.................. do.... r 9,235 r 4,920 
Alloys (magnesium content) MD do. 354 1,529 
Sheets, tubing, ribbons, wire and other forms 
(magnesium content short tons r 132 r 422 
Manganese: 
re (35 percent or more manganese) (man- 
ganese contentv?:v:: short tons r 975,760 r 55,710 
Ferromanganese (manganese content) - do r 167,612 r 26,431 


See footnotes at end of table. 


1968 


Quantity 


685, 699 
37,521 
62, 135 


1,265,671 
227,486 


1,927 
1,605 


137,251 
14,069 


Uus 
274,180 
403,630 
11,571 
2,131 
10,612 
213,662 
5,730,853 
,941 
185,899 
39,542 
17,853,995 
,498 
17,727 

96 ,863 

63 
337 ,620 


4,249 
893 


566 
893 


4,086 
705 


25 


870,390 
160,694 


Value 
(thou- 
sands) 


$298,759 
12,134 
41,816 


458,758 
80,486 
9,606 


1,989,482 
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Table 9.—U.S. imports for consumption of principal minerals and products—Continue 


Mineral 


Metals—Continued 
Mercury: 
Compounds ounds. . 
Le Ro ——Ó HR 76-pound flasks. . 
Minor metals: Selenium and salts pounds 
Nickel: 
Pigs, ingots, shot, eathodes short tons. 
TI —Aͤ AAA eee do 
// ³ĩ»ümͥA A 8 do- 


Platinum group: 
Unrefined materials: 


Grains and nuggets, including crude dust 


and residues troy ounces.. 
Sweeping, waste and scrap....... o... 
Oemiridium . do 
Refined metal: 
Platinum cose soc secede do.... 
Palladium....................-. do.... 
Hide eccesso 8 do- 
e os cece Sse ene do.... 
Rhodium do- 
Ruthenium...................- do.... 
Radium: 
Radioactive substitute s 
Rare earths: Ferrocerium and other cerium alloys 
pounds 
Silver: 
Ore and base bullion. thousand troy ounces. . 
Bullion. e esee EN RAE do.... 
Tantalum Oë ²˙ AAA thousand pounds 
in: 
Ore (tin content)............... long tons 
Blocks, pigs, grains. etc............- do.... 
Dross, skimmings, scrap, residues and tin 
alloys, n.8.p.£...........-.-.- long tons 
Tin foil, Powder. flitters, eta 
Titanium: 
Ilmenite___... . ase short tons 
Rutile...... uuo 8 do 
!! 83; pound. E 
Ferrotitanium......................- 0 
Compounds and mixtures do 
Tungsten: (tungsten content) 
Ore and concentrate thousand pounds 
Metal. -oeron aneen a ec se do.... 
Other alloy pounds 
Zine: 
Ore (zine content) FF short tons 
Soc pigs, and slabs. ............. do.... 
/ ⁰˙¹ AT do 
Old, droas, and skimmings........... do.... 
10k 8 do 
Manufacture s 
Zirconium: Ore, including zirconium sand 
short tons 
Nonmetals: 


Abrasives: Diamonds (industrial) 


thousand carats.. 


Asbestos_... Gece be short tons 
Barite: 
Crude and ground. ................. do.... 
Witherite___ e do 
Chemicals do 
Cement thousand 376-pound barrels 
Clays 
DW ool ð short tons 
Manufactured- dll do 
e ß eee a do 
Feldspar: Ofrüde...... 8 long tons 
Fluorspar_..__.. Rv ece short tons 
Gem stones: 
Diamonds thousand carats. . 
Kmeralde ss do. 
C ³ÜW˙wüwm 8 
Gp 8 short tons 


See footnotes at end of table. 


1967 


Quantity 


14,011 
24, 348 
300, 638 


113, 860 
4 


6, 208 


41,798 
102,067 


822, 764 
737,082 


207, 906 
167, 100 


14,950,359 


306,317 


96,251,565 


1,699 
129 
t 10,773 


431,319 
222 , 002 


59,303 
r 17,112 
645,112 
532,314 

1,260 
5,243 
5,913 


103,404 
2 


911,870 


3,961 
242 


NA 
56, 675 


Value 
(thou 
sands) 


514 
r 10,553 
1, 545 


193,848 
,240 


8,130 


5,195 
6,880 
458 


38,282 
r 27,503 
1,505 

r 170 
10,079 
2,049 


3,000 
r 35 


83 , 437 
43,650 
r 5,518 


7,685 
166,529 


462 
r 855 


5,145 
r 11,943 
14,415 


85 
16,726 


r 63,576 
65,743 


4,659 
53 

682 
14,698 


8 
24,485 


387 , 472 
5,518 
46,655 
2,948 


1968 


Quantity 


83,473 
23, 246 
582,535 


108,158 
9 


6,388 


64,777 
54,831 
11,796 


883,366 


1,165,511 


28,003 


28 , 786 
41,923 


1,230 


2,282 
57, 358 


487 
NA 


246, 109 


111, 080, 989 


1.743 
33 
22,951 


451,787 
306, 651 


13, 676 
737, 909 


662, 705 
2,029 
5,977 
7,870 


1,050, 107 


4,348 
865 


NA 
67,922 


49,58 
88,218 
4,164 


5,28 
181,940 


848 


415,131 
10,644 
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Table 9.—U.S. imports for consumption of principal minerals and products—Continued 


Mineral 


Nonmetals—Continued 
Gypsum: 
Crude, ground, calcined 
thousand short tons. . 


Manufacture s 
Iodine, erude ------------ thousand pounds 
Fi. 8 short tons 
Lime: 

B 2222 ] ðV(Vübd PR RES do.... 

ther ehren do.... 

Dead-burned dolomite do 
Magnesium: 

Magnes ite. do 

Compounds . do- 
Mica: 

Uncut sheet and punch thousand pounds 

%% Ä ů oͤ A ³o¹¹. K d due e do- 

Manufactur es do 
Mineral-earth pigments: Iron oxide pigments: 

Nauf!!! ewok. short tons 

e e ee do 

Ocher, crude and refined do 

Siennas, crude and refined do 

Umber, crude and refined do 

Vand̃xnnee sabes eos do.... 


Nitrogen com cunde (major), including urea 
thousand short tons 
Phosphate, crude...................--.-- do 
Phosphatic fertilizers. - -..-------------- do.... 
Pigments and salts: 
Lead pigments and compounds. short tons 


Zinc pigments and compounds do 
Potash 2. o ͤͥĩ⁰²v³⅛·ꝛiäꝛn. ⁰vdʒmt ³ do 
Pumice: 

Crude or un manufactured do 

Wholly or partly manufactured do- 

Manufactures, n. s. p. mw... 
Sarum crystal (Brazilian pebble). ...... pounds 

/!;; ⁰⁰ m 8 thousand short tons 
Sand and gravel: 

Glass sanß dd do- 

Other sand and gravel. ............. do 
Sodium sulf ate do.... 


Stone and ohung. .--------------------------- 


Strontium: Mineral...............- short tons. 


Sulfur and pyrites: 
Sulfur: 
Ores and other forms, n.e.s. 
thousand long tons 


ée esed d eRSSC TEE do.... 
ao Bum PIS E PN SE short tons 
CE aboh black: 
Acetylene- __.....-...--...--.--- pounds 
Gas black and carbon black kk do 
Coal: 
Bituminous, slack, culm and lignite 
short tons 
Briguets ss ß eee do 
%)%%GGö‚ö”ͤXͤ]“.“..PPfkPBf!! z EE do.... 
Peat: 
Fertilizer grade do 
Poultry and stable grade do 
Petroleum: 
Crude oil thousand barrels. . 
ö ³˙¹wm⸗ EE do 
Special naphta l do- 
Keros ine do 
Distillate fuel oil..................- do 
Residual fuel oil_____ do 
Military jet fuel do 
Commercial jet fuel do.... 
Liquefied gases do.... 
ll wore 8 do 
Unfinished ol --------- do- 
Lubricants- rt BLomcc do- 
TK n . ne as Ss do 
Petrochemical feed stocks F do 
J1Jõĩ§ĩ·L.iö³Ü¹¹b˙d ͤ: . Lt D recat 
r Revised. XX Not applicable. 


NA Not available. 


1 Dead-burned basic refractory material consisting chiefly of magnesia and lime. 


1967 


Quantity 


r 4,065 
NA 


3,459 
1,821 


545 
79,983 
42,413 


127,955 
r 37,043 


1,733 
1,016 
5,440 


3,670 
14,034 
236 
951 
4,275 
212 


r 1,692 
139 
105 


r 30,669 
18,988 


r 2, 929, 050 


5,702 
240, 273 
NA 


1.049, 544 
43 


5,784, 814 
330, 910 


227, 338 
17,422 
92,001 


601 


411, 649 
15,215 


Value 
(thou- 
sands) 


$9,809 
3,177 
75 

12 

961 
1.832 


7,612 
r 816 


1,990 
2b 
3,373 


271 
2,626 
16 
104 
162 
24 


r 84,080 


2,990 
6,987,242 


1968 


Quantity 


5,476 

NA 
5,883 
1,450 


873 
71, 632 
33,498 


131,640 
49,344 


20, , 838 
3,671,973 


9,436 
302,240 
NA 


1,180,153 
3,456 


25 
729 
305 


NA 
12,896 


1,572 
13 
24,313 


5,343,923 
2,951,312 


224, S 


94, 085 
285,875 
5 


472,323 
21,591 


Value 
(thou- 
sands) 


$11,473 
5,594 
51 


607 


915 
173 
1,900 
44 
1,904 


12,716 
100 


1,067,450 
8 4 


8,483, 473 
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Injury Experience and Worktime 
in the Mineral Industries 


By Forrest T. Moyer ! 


The overall safety record for the mineral 
mining and processing industries in 1968 
was a slight improvement in nonfatal in- 
jury experience but a retrogression in 
fatality experience. The totals of 606 fatal 
and 31,060 nonfatal injuries occurred at 
respective frequency rates of 0.32 and 
16.30 per million man-hours of worktime. 
The comparable data for 1967 were 512 
fatal and 31,360 nonfatal injuries at respec- 
tive frequencies of 0.27 and 16.83 per 
million man-hours. 

The worsening of fatality experience in 
1968 resulted primarily from three major 
disasters (a single accident which results 
in the death of five men or more) during 
the year. In March, a shaft fire at a 
Louisiana salt mine caused 21 fatalities; in 
August a dust explosion at a Kentucky 
coal mine resulted in nine deaths; and in 
November a gas and dust explosion at a 
West Virginia coal mine caused 78 fatalities. 

Scope of Report.—These statistics com- 
prise the injury and work experience of all 
personnel engaged in production, explora- 
tion, development, maintenance, repair, and 
force-account construction work, including 
supervisory and technical personnel, and 


working partners at mineral-producing and 
mineral-processing establishments in the 
United States. Data concerning office- 
workers are excluded except for the oil and 
gas industry for which such data are not 
separable. 

The coverage of all industries is com- 
plete except for oil and gas in which 
coverage varies from year to year particu- 
larly with respect to small companies. The 
1968 data were collected and compiled by 
the Division of Statistics with continued 
modification of procedures. These modifi- 
cations affect only the figures on men work- 
ing, days active, and man-days. All injury 
rates were calculated from unrounded data 
and in some instances cannot be repro- 
duced from the rounded data shown in 
the tables. 

Most of the information was reported by 
the producer or operator, but to obtain 
complete coverage it was necessary to esti- 
mate some worktime data for nonreporting 
plants, using information from other 
sources. Injury experience for these non- 
reporters was not estimated, but was pro- 
jected from the aggregate injury experi- 
ence of reporters in the same industry. 


MINERALS 


METAL MINES AND MILLS 


All general measures of injury experi- 
ence at metal mines were improved in 
1968. The totals of 57 fatal and 2,830 
nonfatal injuries were well below the 
corresponding figures for 1967. "These 
smaller numbers of injuries, coupled with 
the increased man-hours of worktime, re- 
sulted in a frequency rate for all injuries 
of 29.16 per million man-hours in 1968, 
9 percent lower than in the preceding 
year. The injury-severity rate of 4,898 


days lost per million man-hours was 17 
percent lower than in 1967, owing largely 
to the reduced number of fatalities. 
There was a similar, but sharper, im- 
provement in the safety record at metal 
mills in 1968. The one fatal and 535 non- 
fatal injuries were appreciably lower than 
in 1967. As worktime increased 8 percent 
in 1968, the frequency rate of all injuries 
decreased to 10.55 or 17 percent below 


1Chief, Office of Accident Analysis, Office of 
Associate Director for Health and Safety. 
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1967. The injury-severity rate of 752 in 
1968 was 49 percent lower than in 1967. 
At copper mines in 1968, the 18 fatal 
and 605 nonfatal injuries had an overall 
rate of occurrence of 18.54 per million 
man-hours and a severity rate of 4,135 


days lost per million man-hours, , Each of 


these general measures of injury experience 
was improved over 1967 data. At copper 
mills, the number of fatalities was reduced 
to one, but nonfatal injuries increased to 
135 in 1968. However, owing to the in- 
creased worktime, the frequency rate of 
10.60 for all injuries in 1968 was virtually 
the same as in 1967. The injury-severity 
rate of 893 was substantially improved 
over that of 1967. The work stoppage at 
copper mines and mills which had started 
in mid-July 1967 was ended in March 
1968. As a result, man-hours of work at 
mines and mills in 1968 were appreciably 
above 1967 levels. 

The retrogression of the safety record 
at gold mines in 1968 was compensated 
only in part by an improvement at gold 
mills. The 10 fatal and 320 nonfatal in- 
juries at the mines had a frequency rate of 
46.93 and a severity rate of 11,773. Each 
of these measures was appreciably higher 
than in 1967. There were only five non- 
fatal injuries at gold mills with a rate of 
occurrence of 4.44 per million man-hours 
and a severity rate of 4,024. 

At iron mines in 1968, the seven fatal 
and 465 nonfatal injuries were respectively 
four and 13 fewer than in 1967. However, 
owing to the reduced worktime, the fre- 
quency rate of all injuries increased 
slightly. The injury-severity rate of 2,368 
days lost per million man-hours was im- 
proved over 1967. For iron-ore mills, injury 
experience was improved appreciably in 
1968. There were no fatalities and the total 
of 135 nonfatal injuries was 14 fewer than 
in 1967. The reduced number of injuries, 
coupled with the marked increase in work- 
time, resulted in a frequency rate of 7.91 
and a severity rate of 426 at iron mills in 
1968. 

The safety record of lead-zinc mines 
was more favorable than in 1967. There 
were two fewer fatal and 28 fewer non- 
fatal injuries in 1968. The injury-frequency 
and -severity rates, respectively 57.47 and 
7,497, were lower than in 1967. Operating 
activity at the mines, as measured by 
man-hours worked, was at about the same 
level in 1968 as in the preceding year: At 


severity rate of 2,249 was 


MINERALS YEARBOOK, 1968 


lead-zinc mills in 1968 there were no 
fatalities, but the total of 90 nonfatal in- 
juries was 12 more than in 1967. As a 
result, the injury-frequency rate of 32.95 
per million man-hours was less favorable 
than in the preceding year. The injury- 
improved 
markedly’ over 1967 owing to the fatality- 
free year. 

Operating activity at uranium mines in 


1968 increased sharply over that during 


1967. Although the total number of in- 
juries in both years was nearly the same, 
the injury-frequency and -severity rates 
improved markedly. The six fatal and 310 
nonfatal injuries.at mines were, respec- 
tively, one more and two less than in 1967. 
At uranium mills in 1968, there’ were no 
fatalities and 35 nonfatal injuries, 21 less 
than in the preceding year. The smaller 
number of injuries, together with the in- 
creased worktime in 1968, resulted in a 
frequency rate of 9.67 and a severity rate 
of 85, both far below.the corresponding 
rates in 1967. 

At miscellaneous metal (molybdenum, 
titanium, mercury, bauxite, etc.) mines, the 
three fatalities and 245 nonfatal injuries 
were, respectively, five and 16 fewer than 
in 1967. However, the injury-frequency 
rate of 35.56 for 1968 was only slightly 
lower than in the preceding year, owing .to 
the reduction in worktime. There was a 
sharp reduction in the severity. rate: to 
4,935 in 1968 because of fewer fatalities. 
All measures of injury experience at mills 
processing the miscellaneous metal ores 
were improved in 1968. There were no 
fatalities and 135 nonfatal injuries com- 
pared with two fatal and 169 nonfatal 
injuries in 1967. The injury-frequency and 
injury-severity rates, respectively 10.05 and 
692, were well below the corresponding 
data in 1967. 


NONFERROUS REDUCTION AND 
REFINING PLANTS 


The totals of four fatal and 1,155 
nonfatal injuries at nonferrous smelting, 
reducing, and refining plants were, respec- 
tively, five fewer and 218 more than 
in 1967. With the reduced number of 
fatalities, the injury-severity rate of 725 
in 1968 was sharply improved over that 
during the preceding year. However, the 
injury-frequency rate of 10.63 per million 
man-hours in 1968 was appreciably worse. 
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The frequency rate of injuries was im- 
proved slightly at lead and miscellaneous 
metal smelters in 1968, but was less favor- 
able at copper, zinc, and aluminum reduc- 
tion and refining plants. Primarily owing to 
improved fatality experience, the severity 
rates of injuries at copper, zinc, and mis- 
cellaneous metal plants were sharply better 
in 1968 than in the previous year. At lead 
and aluminum reduction plants, the injury- 
severity rates worsened in 1968. 

Operating activity in 1968, as measured 
by man-hours worked, at copper and lead 
smelting and refining plants was appre- 
ciably higher than in the preceding year. 
The extended work stoppages affecting 
these plants were ended in March 1968. 
Activity at zinc, aluminum, and miscel- 
laneous metal plants was lower than in 


1967. 


NONMETAL (EXCEPT STONE) 
MINES AND MILLS 


The overall safety record of nonmetal 
mines worsened in 1968. The total of 991 
injuries was 52 fewer than in 1967, but 
the injury-frequency rate for 1968 in- 
creased slightly to 27.30 per million man- 
hours because of the larger proportional 
decline in total worktime (table 4). The 
injury-severity rate of 7,068 days lost 
per million man-hours was more than 
double that for 1967 owing primarily to 
the larger number of fatalities, 36 com- 
pared with 17 in 1967. There was a major 
disaster in March 1968 from a shaft fire 
at a salt mine in which 21 men died. 

At all mills processing nonmetals, the 
totals of four fatal and 1,515 nonfatal 
injuries were, respectively, nine and 10 
fewer than in 1967 (table 5). However, 
the frequency rate of all injuries in 1968 
increased slightly to 22.90 because of the 
decline in man-hours worked. The injury- 
severity rate of 1,209 days lost per million 
man-hours was improved sharply over 
that of 1967, owing principally to the 
lower number of fatalities. 

All general measures of injury experi- 
ence at clay-shale mines and mills were 
improved in 1968. The totals of fatal and 
nonfatal injuries, respectively, one and 175 
at mines and two and 950 at mills, were 
lower than the corresponding figures for 
1967. The resulting injury-frequency rates 
of 20.37 at mines and 30.65 at mills were 
more favorable than in 1967. With the 
reduced number of fatalities, the injury- 
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severity rates in 1968 of 1,934 at mines 
and 1,472 at mills represented improve- 
ments over the similar data for the preced- 
ing years. 

In the gypsum industry, the number of 
nonfatal injuries increased at both mines 
and mills and resulted in less favorable 
frequency rates of injuries in 1968. There 
was one fatality in both 1968 and 1967 
at the mines, but none occurred at mills in 
either year. The severity rate of injuries 
was improved in 1968 at mines but was 
less favorable at the mills. 

At both mines and mills in the phos- 
phate rock industry, the frequency rates of 
injuries were higher in 1968, but the 
severity rates were improved over 1967 
data. The higher frequency rate at mines 
resulted principally from an increased 
number of nonfatal injuries, whereas at 
mills the retrogression in injury frequency 
resulted primarily from the decline in 
man-hours worked. The improved severity 
rates resulted from the reduced numbers 
of fatalities in 1968. 

The number of fatal and nonfatal in- 
juries in 1968 at both potash mines and 
mills was lower than in 1967. However, 
the frequency rates of injuries at both 
locations were higher than in 1967 because 
of the reduction in man-hours worked. 
Owing to the lower numbers of fatalities 
in 1968 at mines and mills, the injury- 
severity rates were improved over those for 
1967. 

Injury experience in the salt industry 
worsened in 1968, as the number of fatal 
and nonfatal injuries increased at both 
mines and mills. At mines, the frequency 
rate of injuries was less favorable than in 
1967, but at mills, the rate of occurrence 
was improved in 1968 because of the in- 
creased worktime. The injury-severity rates 
at both mines and mills were sharply 
higher than in 1967. Of the 24 fatalities 
at salt mines, 21 occurred in a major 
disaster on March 5, 1968, when a shaft 
fire at the Belle Isle Salt Mine, Cargill, 
Incorporated, Belle Isle, Louisiana, trapped 
the men underground. 

Activity at sulfur mines, as measured by 
man-hours worked, increased moderately 
in 1968. There were no fatalities at the 
mines, but the nonfatal injuries increased 
to 85 or 31 more than in 1967. As a result, 
the injury-frequency rate worsened to 
17.33 in 1968 whereas the severity rate 
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improved to 932. There was no reported 
work activity at sulfur mills in 1968. 

At miscellaneous nonmetal (barite, boron 
minerals, feldspar, fluorite, mica, talc, etc.) 
mines, fatalities increased to six, but non- 
fatal injuries decreased sharply to 180 
in 1968. The resulting frequency rate of 
injuries of 32.19 improved moderately, 
whereas the severity rate worsened appre- 
ciably over the corresponding data for 
1967. At mills, the totals of one fatal and 
275 nonfatal injuries were, respectively, 
three fewer and 33 more than in 1967. 
The injury-frequency rate increased to 
18.03, but the severity rate of 1,264 repre- 
sented a substantial improvement over the 
comparable rates for 1967. 


STONE QUARRIES AND MILLS 


The overall frequency rate of injuries 
at all stone operations was virtually the 
same in 1968 as in 1967 inasmuch as there 
was little change in the total number of 
injuries and total worktime. However, 
fatalities were increased by 12 to a total of 
58 in 1968 with the result that the injury- 
severity rate worsened to 2,702 days lost 
per million man-hours in 1968 (table 6). 

All general measures of injury experi- 
ence at cement quarries and mills retro- 
gressed in 1968. The totals of 10 fatal and 
380 nonfatal injuries were, respectively, 
six and 33 more than in 1967. As a result, 
both the frequency rate of 6.94 and the 
severity rate of 1,573 were worse than in 
the previous year. 

At granite quarries and mills, fatalities 
increased by one to a total of four in 1968 
with the result that the injury-severity rate 
was less favorable than in 1967. However, 
as nonfatal injuries decreased by 16 in 
1968, the frequency rate of all injuries 
declined to 23.50. 

At lime operations, the total of five 
fatalities was the same as in 1967 but the 
nonfatal injuries decreased by 25 to 260 in 
1968. Consequently, the injury-frequency 
and injury-severity rates, respectively 15.28 
and 2,108, were improved moderately over 
1967 rates. 

Al general measures of injury experi- 
ence at limestone quarries and mills were 
less favorable in 1968. The totals of 29 fatal 
and 1,445 nonfatal injuries were, respec- 
tively, three and 16 more than in 1967. 
The resulting injury-frequency rate of 
22.57 and the severity rate of 3,526 were 
both higher than in 1967. 
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There were no fatalities at marble 
quarries and mills in either 1968 or 1967. 
For nonfatal injuries, the. total of 175 for 
1968 was 14 less than in the preceding 
year. As a result, the injury-frequency 
rate for 1968 was improved to 30.09. 
However, the injury-severity rate of 2,134 
in 1968 worsened appreciably over that for 
1967. 


Fatality experience worsened sharply at 
sandstone operations and there were six 
fatalities in 1968 compared with none in 
the preceding year. Consequently, the in- 
Jury-severity rate of 4,403 was more than 
seven times higher than in 1967. The 
frequency rate of all injuries rose slightly 
to 24.65 per million man-hours in 1968. 


The safety record of slate quarries and 
mills was improved in 1968. There were 
no fatalities compared with three in 1967, 
and the number of nonfatal injuries was 
10 less than in the preceding year. The 
injury-severity rate dropped sharply to 573 
days lost per million man-hours and the 
frequency rate improved moderately to 
31.30 in 1968. 


At traprock operations, the totals of 
two fatal and 220 nonfatal injuries were 
respectively two fewer and 10 more than 
in 1967. The resulting injury-severity rate 
of 2,747 was moderately improved but the 
frequency rate of 24.32 was slightly less 
favorable compared with the correspond- 
ing data for 1967. 

At miscellaneous stone quarries and mills, 
the totals of two fatal and 75 nonfatal 
injuries were, respectively, one and 11 
more than in 1967. As a result the injury- 
severity rate worsened appreciably to 3,794 
in 1968. However, the frequency rate of 
injuries improved slightly to 19.91 in 1968, 
owing to the greater worktime. 


SAND AND GRAVEL OPERATIONS 


Fatality experience in the sand and 
gravel industry was improved and the total 
of 25 deaths was seven fewer than in 1967. 
Consequently, the injury-severity rate of 
2,026 in 1968 represented a moderate 
improvement over that for 1967 (table 7). 
However, nonfatal injuries increased by 
71 to a total of 1,990 in 1968. This in- 
crease coupled with the decreased work- 
time resulted in a frequency rate of 21.65 


for all injuries, a moderate retrogression 
from the 1967 rate. 
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SLAG (IRON-BLAST-FURNACE) OPERATIONS 


The safety record of the slag industry 
was. improved in 1968. There were two 
fewer fatalities in 1968 and the injury- 
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severity rate of 2,454 days lost per million 
man-hours was less than half the cor- 
responding rate in 1967. The frequency 
rate of 15.69 for all injuries in 1968 was 
slightly lower than in the preceding year. 


MINERAL FUELS 


The totals of 420 fatal and 18,764 non- 
fatal work injuries in 1968 were, respec- 
tively, 101 more and 401 less than in the 
preceding year. As a result, the fatality 
frequency rate of 0.33 per million man- 
hours was sharply higher than that of 
0.26 in 1967. For nonfatal injuries, the 
frequency rate of 14.89 in 1968 repre- 
sented a slight improvement over the 
corresponding rate of 15.69 in the preced- 
ing year. The worsened fatality experience 
in 1968 resulted primarily from the two 
major disasters in bituminous-coal mining. 


COAL MINES 


The safety record of the coal mining 
industry «worsened appreciably in fatality 
experience but improved slightly in non- 
fatal injury experience. Fatalities in 1968 
totaled 311 or 89 more than in 1967 
(table 9). The resulting severity rate of 
10,071 days lost per million man-hours 
was markedly higher than in the preceding 
year and was the highest annual rate since 
1963. There were two major disasters in 
1968 with a death toll of 87, whereas in 
1967 there were no major disasters. 

The total of 9,460 nonfatal work injuries 
was 655 less than in 1967 and was the 
lowest annual figure in complete records 
back to 1930. Owing to the lower number 
of injuries, the frequency rate of all in- 
juries improved slightly to 41.68 per 
million man-hours and was the lowest 
annual rate in a statistical history started 
in 1930. 

Injury and worktime statistics for 1968 
are based on final data for anthracite 
mines and preliminary data for bituminous- 
coal and lignite mines. 


Bituminous-Coal and Lignite Mines.— 
Fatality experience in bituminous-coal and 
lignite mines retrogressed markedly in 
1968. The total of 307 fatal injuries, 94 
more than in 1967, was the highest annual 
figure since 1958. Owing to the increased 
number of fatal injuries, the severity rate 
of 10,361 days lost per million man-hours 
of worktime in 1968 was appreciably 


higher than in the preceding year. The 
worsened fatality experience in 1968 re- 
sulted primarily from two major disasters 
(a single accident which results in the 
death of five men or more). A dust ex- 
plosion, initiated by improper handling 
of explosives in the underground workings 
of the River Queen No. 1 Mine, Peabody 
Coal Company, Greenville, Kentucky, on 
August 7, 1968, claimed the lives of nine 
men, and a gas and dust explosion in the 
Consol No. 9 Mine, Mountaineer Coal 
Company, Division of Consolidation Coal 
Company, Farmington, West Virginia, on 
November 20, 1968, claimed 78 lives. There 
were no major disasters in coal mines dur- 
ing 1967. 

By work locations, the fatalities in 1968 
were distributed as follows: Underground 
workings, 267; associated surface of under- 
ground mines, eight; strip mines, 22; auger 
mines, six; and mechanical cleaning plants, 
four. Of the fatal injuries in underground 
workings, the following were the ranking 
causes of accidents: Falls of roof, face, 
or side (98 deaths), gas and dust explo- 
sions (88), haulage (31), electricity (17), 
and machinery (15 deaths). 

The total of 8,955 nonfatal injuries in 
1968 was 551 less than in 1967. Owing 
to the larger proportional decline in in- 
juries than in man-hours, the frequency 
rate of 41.46 per million man-hours for all 
injuries represented a slight improvement 
over the similar rate of 42.36 for the 
preceding year. 


Anthracite Mines.—Fatality experience 
at Pennsylvania anthracite mines was 
better than in any other year of statistical 
history. The total of four fatalities in 1968 
was five less than in 1967. There also was 
a decline in the number of nonfatal in- 
juries to a total of 504 in 1968, 105 less 
than in the preceding year. As a result, 
both the injury-frequency and injury- 
severity rates in 1968, respectively 46.13 
and 4,182, were improved sharply over the 
corresponding rates of 50.00 and 5,511 for 
1967. 
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COKE OPERATIONS 


The overall safety record at coke opera- 
tions in 1968 was a slight improvement in 
the injury-frequency rate to 5.62 per 
million man-hours but a worsening in the 
injury-severity rate to 1,875 days lost per 
million man-hours (table 10). The total of 
seven fatalities was two fewer and for non- 
fatal injuries the total of 204 was 22 less 
than in 1967. 


Slot Ovens.—Fatality experience wors- 
ened at slot-oven plants in 1968. The total 
of seven fatalities was two more than in 
1967 and as a result the injury-severity 
rate increased sharply to 1,876. The injury- 
frequency rate of 5.14 represented a slight 
improvement over 1967, owing to the lower 
number of nonfatal injuries, 184 in 1968. 


Beehive Ovens.—There were no fatalities 
at beehive-oven plants in 1968, compared 
with four in the preceding year. The total 
of 20 nonfatal injuries was five fewer than 
in 1967. Both the injury-frequency and 
injury-severity rates, respectively 52.85 and 
1,855, were well below the corresponding 
rates for 1967. 


OIL AND GAS OPERATIONS 
The totals of 102 fatal and 9,069 non- 


fatal injuries in the oil and gas industries 
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during 1968 were, respectively, 14 and 
293 more than in 1967 (table 11). How- 
ever, there was a moderate increase in 
worktime to a total of nearly 987 million 
man-hours in 1968. Consequently, the in- 
jury-frequency rate of 9.29 was slightly 
improved over 1967, and the injury- 
severity rate of 985 was virtually un- 
changed from that of the preceding year. 


PEAT 


The safety record of the peat industry 
was improved in 1968. There were no 
fatalities in either 1968 or 1967 and the 
eight nonfatal injuries were seven fewer 
than the total for 1967. As a result, both 
the injury-frequency and injury-severity 
rates, respectively 10.02 and 244, were 
appreciably more favorable than in 1967. 


NATIVE ASPHALT 


Injury experience in the native asphalt 
industry (bituminous limestone, bituminous 
sandstone, and gilsonite operations) was 
better than in 1967. There were no fatali- 
ties in either 1968 or 1967 and the total 
of 23 nonfatal injuries was 10 less than in 
1967. Consequently, the injury-frequency 
rate of 27.49 and the injury-severity rate 
of 672 were far below the corresponding 
rates for 1967. 
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Table 1.—Worktime and injury experience at metal mines 
in the United States, by industry groups 


, Average Man dys Man-hours Number of Injury rates per 
ME men Average work worked injuries million man-hours 
Industry and year working caya (thou- (thou- —— TVUV ——OT 
2E dail active sands) sands) Fatal  Nonfatal Frequency Severity 


y 
pper: 
1964. 15, 820 288 4,549 86,823 13 1,084 28.82 8,468 
1966588 16, 880 298 5,033 40, 285 1 22.71 4,848 
1966...........- 16,278 817 5,164 41,328 28 976 24.18 4,856 
19677 --- 17,258 218 3,760 30,064 19 654 22.89 5,520 
1968 v anni 15, 500 267 4,188 38, 555 18 605 18.54 j 
Gold-silver 

(lode-placer): 

1964. 4,312 228 983 7,885 4 208 26.89 8,956 
1965...........- 4,074 241 982 7,896 4 264 88.94 5,970 

19666 3, 847 236 907 7,254 10 305 43.42 9,846 

19 3,611 237 855 6,844 8 268 89.60 10,022 

Yee 88 TE 8,900 229 882 7,055 10 $20 46.93 11,778 

n: 

838 14,189 258 8,659 29,448 12 452 15.76 8,809 

19665 „48 278 3,942 31,752 5 510 16.22 1,727 

19666 14, 056 277 8,898 81,860 13 558 18.05 8,526 

1967... -—ͤ— 12,772 282 8,600 28,859 11 478 16.94 846 

1968 v ---- 11,900 285 3,415 27, 7 465 17. 16 2 868 
Lead-zinc: 

19644. 8,158 260 2,118 16,969 19 1,038 62.29 10,118 

535 8, 805 259 2,279 18,240 17 1,089 60.64 ; 

1966..........-- 8,692 261 2,278 18,212 15 1,096 61.00 8,108 

% 1977 — 7,781 252 1,962 16,727 1 918 59.01 8,568 

1968 v 7,500 258 1, 959 15, 660 18 885 57.47 7,497 
Uranium: 

„ 19644. 4,772 208 969 7,838 4 849 45.07 6,401 
1965 -- 211 771 6, 205 10 282 47. 06 12,144 
1966 8,604 204 785 5.946 7 210 86.50 , 84 
19677 3,745 228 884 6,751 5 312 46. 95 7,139 
` 1968 v. , 600 219 1,008 8,885 6 810 87.80 ; 

Miscellaneous: 

1964. 2,51 286 718 5, 750 8 185 82.69 4,755 
1965 3, 568 r 277 987 7,898 8 261 82.16 8,467 
1666 3,44 281 967 7,762 7 295 38.91 7, 555 
196777 3,329 2838 7,549 8 261 85.64 8,455 
T EI D 8,000 28b 864 6,915 8 245 85.56 4,985 

otal: 
196444. 49, 765 261 12,996 104, 204 55 3, 266 31.87 4,888 
1965. 51, 420 272 13,994 112,277 58 3,292 29.84 4,704 
19686 49, 920 279 13,944 111,857 75 8,485 81.38 5,786 
19671... m 48 ,496 246 11,953 95,794 66 2,881 80.76 5,881 
1968 5 46,300 263 12,306 98,960 5T 2,830 29.16 4,898 


P Preliminary. r Revised. 
1 Data may not add to totals shown because of rounding. 
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Table 2.—Worktime and injury experience at metal mills 


Gold-silver 
(oae pass. 


p Preliminary. 


r Revis 
1 Data may not add to iab shown because of rounding. 


Man cays 
Average work 
days (thou- 
active sands) 
316 1,600 
335 1,737 
844 1,847 
228 1,358 
286 1,628 
282 90 
r 257 100 
287 117 
283 98 
288 118 
298 1,622 
288 1,828 
299 1,881 
805 1,875 
821 2,129 
267 848 
278 858 
268 389 
251 354 
264 933 
800 482 
313 391 
297 422 
281 427 
297 447 
329 1, 560 
831 1,671 
325 1,701 
315 1,752 
818 1,679 
807 5,646 
812 6,074 
815 6,857 
280 5,863 
804 6,828 


Number of Injury rates per 
injuries million man-hours 
Fatal Nonfatal Frequency Severity 
1 89 7.08 888 

— «€ 90 6.48 864 

eccle 75 5.08 

8 112 10.59 2,106 

1 185 10.60 893 
GE 18 18.14 861 
GE 24 80.09 568 
1 81 84.26 8,479 
3 28 29.26 4,877 
has castes 5 4.44 4,024 
1 108 8.03 719 
1 121 8.33 718 

3 117 7. 95 1,615 

1 149 9. 98 1,049 
Ge 185 7.91 426 
1 46 17.21 2,889 
2 76 27.61 5,061 
eee 77 24.81 2,290 
1 78 27. 86 3,430 
RUNS 90 82.95 2,249 
1 59 16.85 2,142 
En 71 22.81 1,718 
83 69 20.31 1,291 

Lid 56 16.38 

caue 85 9.67 85 
96 7.77 873 
v 90 6.78 221 
8 206 15.19 2,192 
2 169 12.20 1,176 
888 135 10. 05 692 
5 406 9.08 1,045 

3 472 9.76 9 

7 515 11.40 1,563 

7 587 12.65 1,488 

1 585 10.55 752 


in the United States, by industry groups 
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Table 3.—Worktime and injury experience at primary nonferrous reduction and 
refinery plants in the United States, by industry groups 


inary. 
1 Data may not add to totals shown because of rounding. 


Average Man-days Man-hours Number of Injury rates per 
men Average wor worked injuries illion man-hours 
Industry and year working (thou- (thou- -—_—_— — — 
daily active sands) sands) Fatal Nonfatal Frequency Severity 
Copper: 
1964. 10, 495 323 3,385 27, 106 1 855 13.18 751 
1965 10, 875 334 8,685 29,060 8 814 10.91 1,257 
1966 10,411 885 8,486 27,779 5 362 18.21 1,678 
19 eon 10,750 226 2,484 19,471 2 260 18.46 1,219 
1968 5 10,300 291 2,993 28,910 1 840 14.18 991 
1964__........ -- 2,827 821 746 6,002 a | 67 11.33 2,853 
1965..........-- 2,826 301 701 5, 608 1 74 13.37 2,897 
1888 enu 2, 508 317 795 6,360 8 105 16.98 8,892 
1967__._....... .. 2,081 289 587 4,679 ...... 110 28.51 ,046 
x 1968 »........... ; 298 698 5,546 1 125 22.91 2,434 
e: 
1964...........- 6,848 834 2,284 18,064 8 814 17.55 1,622 
1965...........- 7,128 840 2,426 18,971 4 284 15.18 1,897 
1966 7,086 330 2,887 18,432 1 888 18.89 895 
1986 — 7,280 316 2,304 18.426 b 289 15.96 2,498 
1968 52225 , 100 884 2,246 17,970 ...... 835 18.64 742 
um: 
1964. 15,794 834 5,278 42,917 8 242 5.71 790 
1988 8 19, 582 848 6,712 52,048 8 278 5.40 629 
1966...........- 18,872 348 6,398 50,986 ...... 228 4.47 868 
1967...........- 20, 508 347 7,107 56,854 1 245 4.88 489 
1968 2225 20,100 846 6,987 55,805 2 825 5.84 468 
Miscellaneous: 
1964...........- 1,492 812 465 8,719 ...... 21 5.65 155 
1965-_........... 1,716 288 485 8,880 1 21 5.67 1,795 
1966...........- 2,024 861 711 5,699 ...... 84 5.97 768 
19677 ------ 2,477 307 761 6,081 88 5.59 1,098 
H ev E 2,100 844 720 5,785 ------ 80 5.58 421 
otal: 
1964... 36, 956 329 12, 158 97,807 8 999 10.80 1,005 
1960... osos 41, 627 335 13,959 109, 567 12 971 8.97 1,178 
1966...........- 40,401 840 18,722 109,257 9 1,067 9.85 985 
0 88 48,04 807 13,194 105,511 9 937 8.97 1,029 
1968 »........... 41,600 827 18,590 109, 010 4 1, 155 10.68 72 
p Prelim 
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Table 4.—Worktime and injury experience at nonmetal (except stone) mines 
in the United States, by industry groups 


Average sone de Man-hours Number of Injury rates per 

men Average work worked injuries million man-hours 

Industry and year working days (thou- (thou ————————— — — n 
daily active sands) sands) Fatal Nonfatal Frequency Severity 


Clay-shale: 
1964... 5,450 212 1,156 9,366 7 254 27.87 6,169 
1989. ; 220 1,217 9,877 4 291 29.87 ; 
19889 —öeTl 5, 776 219 1, 266 10,316 2 281 27.49 2,147 
19001... 8 5,218 227 1,1 9,60 2 247 25.92 1,967 
1968 v 4,700 219 1,056 8,690 1 175 20.87 1,984 
196444. 1,019 255 260 2,091 ...... 15 7.17 802 
1965 EE 255 247 2, 2 19 10.49 6,439 
19888 935 244 228 1,848 ...... 28 12.45 8,748 
1967_........... 891 249 222 1,799 1 12 7.28 8,628 
1968 »..........- 900 254 228 1,840 1 20 10.88 i 

Phosphate rock: 

96444... 2,124 296 629 5, 063 2 92 18.57 8,410 
1965...........- 2,507 294 788 5,962 2 122 20.80 2,460 
1966...........- p 802 960 7,791 5 161 21.31 4,829 
1967ꝰ 3,181 272 865 6, 991 8 160 28.82 8,554 

Ë 1968 5 8,000 278 827 6,700 2 165 24.68 2,476 
otash: 
19644 2,022 838 678 5,384 4 171 82.60 6,188 
1985. 1,753 857 625 5, 004 1 192 88.57 4,384 
1966 1,9 857 690 5, 516 4 209 38.61 5,668 
19677 1,913 328 627 5,017 8 168 88.09 4,718 
i 1968 »..........- 1,600 326 581 4,245 2 155 87.45 8,495 
t: 
1964___.......... 1,551 278 428 8,487 1 122 85.27 4,885 
1965 1, 688 279 457 3,745 3 97 26.70 7,108 
19666 ; 279 504 : 2 90 22.42 4,871 
19677 1,768 266 470 3,892 2 168 483.68 4.818 
Š 1968 v ...---- 1,900 274 511 4,175 24 175 41.92 87,205 
ur: 
1964..........-- 1,313 868 476 4,106 ...... 58 12.91 418 
19658 ----- 1,371 863 497 4, 466 55 12. 76 8,078 
19698 vn» 1,491 860 7 4,632 .....- 54 11.66 1,986 
1967222 cscs 1,640 365 598 4,783 54 11.71 2,878 
1968 5 1,600 848 562 4,965 ...... 85 17.38 932 
Miscellaneous: 
1964 8,608 228 808 6,479 4 199 81.38 4,998 
196565 .-------- 3,431 242 6, 706 7 213 32.81 9,127 
1969 oo 3,599 234 841 6,796 8 240 85.76 8,810 
1967..........-- 3,414 235 801 6,461 4 222 84.98 4,709 
T c 8 FORCE 8,000 283 710 5,715 6 180 82.19 7,285 
otal; ! 
1964. 17,087 259 4,420 85,977 18 906 25.68 4,889 
19656. 17,214 268 4,612 1 87, 760 21 989 26.75 5,048 
196606. --- 18,727 268 5,027 41,008 16 1,058 26.19 8,586 
CV 18, 020 264 4, 765 38,550 17 1,026 27.06 8,499 
1968 . 5 16, 700 268 4,424 86,225 36 955 27.80 7,068 
P Preliminary. 


r Revised. 
1 Data may not add to totals shown because of rounding. 
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Table 5.—Worktime and injury experience at nonmetal (except stone) mills 
in the United States, by industry groups 


Average Man-days Man-hours Number of Injury rates per 
men Average worked worked injuries million man-hours 
Industry and year working days (thou- (thou: kam! Oo 
daily active sands) sands) Fatal Nonfatal Frequency Severity 
Clay-shale 
19644. 15, 250 261 8,982 82,058 4 1,011 81.66 2,025 
19655 14,186 264 8,788 80,116 5 890 29.72 2,047 
19839%ͤöĩͤ12 15, 603 270 4,214 34, 028 3 1,020 80.06 2,101 
%o 15, 874 256 4,068 „742 6 1,007 80.94 2,172 
1968 522 14, 500 265 8,861 81,080 2 960 80.65 1,472 
Gypsum: ! 
1964 e 1,589 278 442 8,467 .....- 20 5.77 1,804 
1965...........- 2,890 283 817 557 25 3.81 588 
1969 88 2, 589 269 696 5,557 1 21 8.96 1,721 
199 8 2,094 265 555 4,478 .....- 15 8.35 163 
1968 5 2,000 267 527 4,800 ...... 20 4.88 281 
Phosphate rock: 

HA 2,168 319 690 5,514 ...... 88 6.89 1,017 
1988588 ĩ zs „476 312 773 6,198 4 54 9.86 5,194 
196 1,948 335 658 5,237 3 60 12.08 8,821 
1901. — 2,042 297 607 4,854 1 55 11.54 8,420 
1968 »..........- 1,700 806 526 14210 55 13.06 579 

Potash: 
1964. ..........- 1,008 832 333 2,666 1 45 17.25 2,644 
1965-__........ 1,126 857 402 8,214 ...... 12 22.40 1,959 
196 1,030 360 371 2,967 47 15.84 2,028 
1961... 52-2 992 847 844 2,751 2 49 18.54 4,921 
1968 v .....--- 600 809 208 1,625 ...... 40 25.85 702 
1964. 4,870 r 288 1,405 11,229 ...... 188 16.30 657 
19665. 3, 909 284 1,109 8,967 154 17.17 867 
1960 3,814 292 1,112 8,898 2 162 18.43 1,787 
196777 3,704 288 1,047 8,398 ...... 156 18.59 448 
1968 pn .----- ,100 294 1,207 9,700 170 17.63 1,078 

ur: 

1964___..... 8 11 r 297 8 2]. seule. ⁵ĩ² “?» x 
19688 occu ue 10 r 305 8 ^J MENOS 2 r 81.97 r 82 
1966... ek 800 1 EE 
9 oo 1 250 (3) 2 deus 1 500.00 12,500 
// xiu Sates ` eebe, y hd wed 

Miscellaneous: 
1964. 7,081 291 2,060 16,506 1 288 17.21 1,185 
1965 6, 668 296 1,976 15,898 1 286 18.05 1,840 
1966...........- 7,015 286 2,006 16,118 2 254 15.88 1,641 
LEE 6,720 289 1,944 15, 635 4 242 15.78 2,232 

T (TS „ 6, 900 278 1,918 15,365 1 275 18.08 1,264 

otal: 

1984 ³ 8 31,967 279 8,914 71,461 6 1, 580 22.19 1,550 
1965...........- 81,215 283 8,819 70,975 10 1,483 21.04 1,987 
1966 «ĩ 3352605: 82,001 288 9,052 72,810 11 1,564 21.68 2,030 
1967..... 81,427 278 8,565 68,850 13 1,525 22.94 2,048 
1968 »........... 29,800 216 8,287 66,235 4 1,515 22.90 1,209 

P Preliminary. r Re 


1 Beginning with 1965, includes data on certain mills not reported in prior years. 
3 Data Ded not add to totals shown because of rounding. 


3 Less than 500. 
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Table 6.—Worktime and injury experience at stone quarries and mills 
in the United States, by industry groups 


Average Man-days Man-hours Number of Injury rates per 
men Average work worked injuries million man-hours 
Industry and year working days (thou- (thħhou- ———————————  —Ns 
daily active sands) sands) Fatal Nonfatal Frequency Severity 


Cement: ! 
1964. 28,017 818 7,323 58,592 8 808 5.81 1,017 
19655 22, 947 319 7,322 58, 563 10 331 5.82 1,899 
19666 22,611 326 7,881 59 ,044 6 859 6.18 1,245 
1961... 22592 22,078 817 7,008 56,119 4 847 6.25 1,140 
1968 5 . 21, 800 320 6,984 55,890 10 880 6.94 1,578 
Granite 
1964. 8, 743 286 2,065 17, 076 6 466 27. 64 3,758 
1965... 8, 956 248 2,176 18,284 6 409 22.70 2,966 
19666 8,141 246 2,005 16,756 2 412 24.71 8,069 
1980 C 7,853 249 1, 958 16,851 8 401 24.71 2,296 
dm 1968 EE 8,000 246 1,962 16,515 4 385 28.50 8,156 
e: 
1964. 6, 956 304 2,117 17,026 5 296 17.68 2,310 
1965...........- 7,671 291 2,284 17,958 4 282 15.98 1,808 
1966 7,467 299 2,286 18,039 6 845 19.46 8,269 
19 7,764 282 2,190 17,583 5 285 16.49 2,417 
1968 v.. 7,500 288 2,134 17,210 5 260 15.28 2,108 
Limestone: 
1964... 31,660 236 7,482 63,476 84 1,424 22.97 4,468 
1965 ----- 32,872 240 7, 904 67, 038 21 1,448 21.91 8,182 
1966..........-- 80,380 245 71,434 63,422 30 1,542 24.79 4,885 
1980 81,145 245 7,619 64, 907 26 1,429 22.42 3,327 
3 EE F 30, 800 248 7,646 65, 840 29 1,445 22. 57 3, 526 
arble 
19644. 2,602 258 671 5,458 174 31.89 581 
1965 2, 534 249 631 5, 165 2 181 35.43 8,308 
1966_........ 2,953 255 758 6,178 1 213 84.64 2,528 
1960 ð õ ̃ —— 2,894 251 725 6,080 ...... 189 31.09 1,115 
1968 v.. 2, 800 246 691 5,780 —..... 175 80.09 2,184 
Sandstone: 
196444. 5,427 221 1,197 9,779 4 282 29.24 8,180 
19655 5, 745 227 1, 305 10, 696 4 278 26.36 8,192 
1966 ... „44 240 1,308 10,895 3 314 29.10 2,789 
1939 ĩ 5,012 241 1, 209 10,047ꝶ57777 242 24.09 
Zë 1968 »..........- 5,100 232 1,194 9,860 6 235 24.65 4,408 
e: 
1964. 1,402 268 869 2,998 1 86 29.07 8,085 
1965-._..... --- 1,232 262 822 2,680 ...... 84 81.93 1238 
1966 1, 876 266 366 2, 975 1 79 26.89 2,762 
1967.......--.-- ,42 260 871 8,024 8 100 84.06 6,611 
1968 v.. 1,400 261 860 2,905 ...... 90 81.30 
Traprock: 
1964.........--- 5,417 208 1,125 9,401 2 240 25.74 2,285 
19658 - 5, 530 218 1,180 9,855 1 215 21.92 1,166 
1966._........... 5,562 221 1,281 10,268 1 241 23.58 1,975 
19 rec 4,794 224 1,075 8,940 4 210 23.94 8,281 
1968 v. -- ,00 242 1,092 9,045 2 220 24.32 2,747 
Miscellaneous: | 
1964... 8 2,685 199 525 4,200 1 96 23.10 1,799 
1965. 2,098 220 460 9,811 ...... 77 20.21 1,416 
1966 1, 889 211 398 3,216 1 78 24. 56 2, 528 
198; — 1, 807 217 893 8,176 1 64 20.47 2,833 
T S ru B. c c euo 2,000 227 462 3,920 2 15 19.91 8,794 
otal: 
1964_...........- 87,859 260 22,878 188,000 61 8,367 18.28 2,761 
1985.2. — 89,580 263 28,585 194, 000 48 8,305 17.28 2,880 
19666 85, 826 269 28,118 190, 787 51 3, 583 19. 05 2,802 
19677 220- 84, 765 266 22,548 186,227 46 3, 267 17.79 2,308 
1968 .. 84, 000 268 22,524 186,465 58 3,260 17.80 2,702 
P Pre 


liminary. 
1 Includes burning or calcining and other mill operations. 
2 Data may not add to totals shown because of rounding. 
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Table 7.—Worktime and injury experience at sand and 
gravel plants in the United States 


Average Man-days Man-hours Number of Injury rates per 
men Average work worked injuries million man-hours 
Year working days (thou- (thou- 


daily active sands) sands) Fatal Nonfatal Frequency Severity 


cc 55, 886 217 12,129 100, 891 84 1,957 19.78 3,287 
1900..52.--262 9 ecw 54,159 221 11,947 100,088 40 1,870 19.08 8,214 
1960... cle 55,844 225 12,459 104,971 85 2, 098 20.82 2,901 
MOG Coe eee 52,863 216 11,296 96,645 32 1,919 20.19 2,938 
1968 p... 8 49,900 219 10,948 93,155 25 1,990 21.65 2,626 


P Preliminary. 


Table 8.—Worktime and injury experience at slag (iron-blast-furnace) 
plants in the United States 


Average Man-days Man-hours Number of Injury rates per 
men Average worked worked injuries million man-hours 
Year working days (thou- (thou- 


daily active sands) sands) Fatal Nonfatal Frequency Severity 


(e ( 1,472 264 889 8,107 1 53 17.38 8, 895 
1965... L n eR T 1,637 211 425 8,415 1 50 14.93 8,173 
1986... c uoc Ee 1,472 271 407 8,832 ...... 44 18.20 709 
196. ce ecu EET 1,721 265 439 3,539 8 53 15.82 5,762 
1968.2... L o2 L cece 1,724 268 454 8,697 1 57 16.69 2,4 


Table 9.—Worktime and injury experience at coal mines and preparation plants 
in the United States, by industry groups 


Average Man-days Man-hours Number of Injury rates per 
men Average work worked injuries million man-hours 
Industry and year working days (thou- (thou ——————— — DN M 
daily active sands) sands) Fatal Nonfatal Frequency Severity 


Bituminous coal and 
— mines: 


1964. 137,617 212 29,200 282,087 218 9,728 42. 86 8,812 
196656 137, 602 213 29,242 232, 613 251 10, 071 44.87 9,248 
19666 135,952 213 28,928 280,087 227 9,617 42.78 7, 900 
1997777 we coe ss 131, 562 220 28,910 229,415 218 9,506 42. 86 7,817 
1968 222 129, 900 216 28,091 228,370 307 8, 955 41.46 10,361 
Anthracite mines: 
1964. 18,144 214 2,812 20,868 24 1,842 67.07 9,650 
196585... 11,132 204 2,271 16,875 8 1,067 65.65 ; 
196 9,292 208 1,888 183,672 6 829 61.07 4,477 
Joe 7,750 219 1,701 12,359 9 609 50.00 5,511 
T Bes 53 6,932 217 1,508 11,011 4 504 46.13 4,182 
otal: 
1964.........-- 150,761 212 82,012 252,405 242 11,070 44.82 8,420 
1965 148 , 784 212 31,513 248,988 259 11,138 45.77 8,960 
19666 145, 244 212 30,811 243,759 233 10,446 43.81 7,708 
19677 139,312 220 30,611 241,774 222 10,115 42.75 7,699 
1968 99 . 136, 800 216 29,598 284,885 911 9,460 41.68 10,071 
p Preliminary. 


1 Data may not add to totals shown because of rounding. 
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Table 10.—Worktime and injury experience at coke ovens 
in the United States, by industry groups 


Average Man-days Man-hours Number of Injury rates per 
men Average work worked injuries million man-hours 
Industry and year working daya (thou- (thou ⁰—k( : ————— 
daily active sands) sands) Fatal  Nonfatal Frequency Severity 


Slot ovens 
1964. 18,021 862 4,718 87,675 1 164 4.38 
19655 . 14,008 357 4,998 39 ,984 7 192 4.98 1,816 
1966 13, 745 363 4,988 89 ,909 3 155 3.96 658 
196777 ñ 860 4,821 88,583 5 201 5.84 968 
1968...........- 12, 861 4,645 87,167 7 184 5.14 1,876 
Beehive ovens: 
1600 x 426 220 94 7498 40 8.83 5,457 
196b... messes 518 222 115 888 36 40. 68 1,818 
19666 471 286 111 8211 36 43.82 1,048 
196ꝶ . 292 179 52 374 4 25 77.61 67,561 
1968........-.-- 216 283 50 978 20 52. 85 
Total: ! 
1964. 13,447 357 4,807 88 ,418 1 204 5.84 796 
1965 14, 521 352 5,113 40, 869 7 228 5. 75 1, 805 
196 ; 858 5,094 40,730 8 191 4.76 666 
1960... mu 13,701 856 4,873 88 ,956 9 226 6.08 1,602 
196888 18,093 859 4,696 37, 7 204 5.62 1,875 


1 Data may not add to totals shown because of rounding. 


Table 11.—Worktime and injury experience of the oil industry (all activities) and 
the natural gas industry (excluding distribution activities) in the United States 


Man-hours Number of Injury rates per 
Year Average men worked injuries million man-hours 


working daily (thousands) — 
Fatal Nonfatal Frequency Severity 


1964 427, 697 910,525 109 8,551 9.51 1,172 
1965 436, 985 931, 645 78 8,963 9.70 934 
1966............- 451,747 954, 527 108 8,724 9.25 1,050 
3 445, 562 938,946 88 8,776 9.44 981 
19688 466, 652 986, 952 102 9,069 9.29 985 


Table 12.—Worktime and injury experience in the peat industry in the United States 


Average Man-days Man- hours Number of Injury rates per 
men Average work worked injuries million man-hours 
Year working days (thou- (thou- 


daily active sands) sands) Fatal Nonfatal Frequency Severity 


1 o eee 781 170 188 1,122. 88d 24 21.39 1, Pos 


1 88%öO— 8 628 150 94 84 ------ 18 16.57 

18633 8 523 184 96 804 ...... 10 12.44 8173 
1901. 5e cz nec 506 187 95 288 15 19.11 783 
19888 ͤ 588 186 99 798 ...--- 8 10.02 244 


Table 13.—Worktime and injury experience in the native asphalt industry (bituminous 
limestone, bituminous sandstone, and gilsonite mines and mills) in the United States 


Average Man-days Man-hours Number of 0 rates per 
men Average work worked injuries million man-hours 
Year working days (thou- (hon, — ,—— n — _—ə> — m 

daily active sands) sands) Fatal Nonfatal Frequency Severity 
Al: Ä“ 869 256 94 762 2 80 41.97 16,701 
1965................ 427 258 108 874 1 26 80.90 8,885 
1956... 8 868 270 99 806 1 28 85.98 7,872 
Lu GEN 893 255 100 821 ...... 83 40.21 2,985 
EE 899 259 108 887 ...... 28 21.49 672 


NU. S. GOVERNMENT PRINTING OFFICE: 1969 0— 392-739/106 


Abrasive Materials 


By J. Robert Wells! 


The 1968 domestic output of natural 
abrasive materials, as measured by the 
quantities sold or used by producers, was 
the greatest on record. A decline in emery 
production was more than offset by sub- 
stantial increases for both garnet and 
special silica-stone products, and even more 
notably, for tripoli, the quantities of which 
used for abrasive and nonabrasive purposes 
advanced significantly and nearly in equal 
proportion. The volume of production of 
crude artificial nonmetallic abrasives in the 
United States and Canada was virtually the 
same as in the previous year, although the 


total value was 8 percent higher. Output 
of artificial metallic abrasives showed a 
moderate advance in both quantity and 


total value. Shipments of corundum from 


Southern Rhodesia were cut off by the 
midyear imposition of a strict United 
Nations embargo on goods from that nation. 
Initial steps were taken to secure Con- 
gressional approval for the gradual dis- 
posal of some 18 million carats of indus- 
trial diamond now on Government inven- 
tory but declared surplus to the stockpile 
requirement. 


Table 1.—Salient abrasive statistics in the United States 


Kind 1964 1965 1966 1967 1968 
Natural abrasives (domestic) sold or 
used by producers: 
Tripoli............... short tons 64,618 71,188 66,163 70,984 85,534 
Value thousands 326 $381 $82 $8 $796 
Special silica-stone products ! 
short tons 8,186 8,603 8,806 2,701 8,141 
Valve thousands 3292 $432 $515 $574 $629 
Garnet short tons 16,128 19,330 21,952 20,494 22, 186 
Value thousands $1,622 $1,717 $2,092 $1,849 $1,922 
Emery........-.-..--.. short tons 9,214 10,720 11,102 
value thousands 3172 3204 3210 W 
Artificial abrasives _ _ _ short tons.. 459, 169 524,305 607, 508 552,812 567,814 
alte thousands.. $63,370 373, 102 382,794 $80,405 $86,816 
Foreign trade (natural and artificial 
abrasives): 
Exports (value) thousands.. $43,455 350,418 $61,753 $50,896 $60,266 
Reexports (value)) do $17,142 $18,750 $18,148 $17,289 $19,807 
Imports for consumption (value) 
thousands.. $89,299 $89 ,882 $110,650 $100,427 3103, 125 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. 
2 Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic 


abrasives (United States). 


Foreign Trade.—Although imports of 
nearly all the various categories of abrasive 
materials were somewhat greater than in 
1967, the figure for net imports (total 
imports minus exports and reexports) was 
the lowest in at least 15 years, down 29 


percent from the 1967 figure and 50 per- 
cent from that in 1966. Increases in ex- 
ports and reexports of industrial diamond 
were the most evident influences in this 
reduction of the import-export disparity. 

1 Physical scientist, Division of Mineral Studies. 
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Table 2.—U.S. exports of abrasive materials, by kinds 


(Thousands) 
1967 1968 
Kind 
Quantity Value Quantity Value 
NATURAL ABRASIVES 
Dust and * of precious or semiprecious stones, in- 
cluding diamond dust and powder carats.. 4,817 $12,526 6,015 $16,616 
Crushing RE EE do 18 210 2 168 
Industrial diamond -_.............-..._..-....--- do 148 924 300 1,158 
Emery, natural corundum, and other natural abrasives, 
Ee pounds.. 28, 000 1,935 40,431 2,069 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) ..--- do.... 39,128 5,688 81,046 6,311 
Silicon carbide, crude or in grains do.... 12,924 2. 680 14, 166 2, 706 
Carbide abrasives, n. eee .... l.l... do 1,980 1,881 , 998 2,802 
Grinding and polishing wheels and stones: 
Diamonds carats.. 429 2,946 594 8,010 
Pulps tones pounds 4,116 1,215 2,199 682 
Hand polishing stones, whetstones, oilstones, a ia 
and similar stones poun 918 928 187 850 
Wheels and stones, n.e.ãe k do.... 8,628 6,833 5,181 7,404 
Abrasive paper and cloth, coated with natural or artificial 
abrasive materials reams.. 321 9,290 301 8,978 
Coated abrasives, n.e. G NA 188 NA 1,719 
Metallic abrasive pounds.. 44,118 4,201 53,402 5,803 
zz ß ieu XX 50, 896 XX 60,266 
NA Not available. XX Not applicable. 
Table 3.—U.S. reexports of abrasive materials, by kinds 
(Thousands) 
1967 1968 
Kind P 
Quantity Value Quantity Value 
NATURAL ABRASIVES 
Dust and powder of precious or semiprecious stones, including 
diamond dust and powder........................ carats.. 238 3807 198 $497 
Crushing bort ꝛ do 192 1,355 816 2,008 
Diamond suitable only for industrial use do.... 2,271 15, 016 3, 018 17,242 
Emery, natural corundum, and other natural abrasives, n. e. c. 
poun 22 4 24 5 
MANUFACTURED AnRASLIVRS 
Carbide abrasives, n. ee do 7 7 NA NA 
Grinding and polishing wheels and stones: 
Diamond... ß EE carats.. (1) 6 1 9 
Wheels and stones, n. ee pounds 2 12 2 3 
al oe mx ... dre e a ei o a do.... 1 2 eet. Sawa 
Hand polishing stones, whetstones, oilstones, hones, and 
similar stones pounds. . 2 3 2 1 
Abrasive paper and cloth,coated with natural or artifical 
abrasive materials reams.. (1) 6 (3) 7 
Coated abrasives, n. e. ec ccce ee eL LLL LLL Lc ee NA 8 NA 81 
diebe ⁵ sema pounds 18 13 5 4 
NR ß XX 17,239 XX 19,807 
NA Not available. XX Not applicable. 
1 Less than 14 unit. 
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Table 4.—U.S. imports for consumption of abrasive materials 
(natural and artificial), by kinds 


(Thousands) 
1967 1968 
Kind — 
Quantity Value Quantity Value 
Corundum, crude or crushed......-------- short tons 2 359 6 $118 
Emery, flint, rottenstone, and tripoli, crude and crushed 
short tons.. 16 468 82 70 
Silicon carbide, crude......................... do.... 89 10,925 106 14,249 
Aluminum oxide, ergde do 151 16,446 149 17, 085 
Other crude artificial abrasive ss do.... 6 566 4 822 
Abrasives, ground, grains, pulverized, or refined: 
Silicon carbide. ....................- short tons 8 444 2 717 
Aluminum oxide e e cic 7 1,552 8 1,966 
Emery, corundum, flint, garnet, and other, in- 
cluding artificial abrasives short tons (1) 174 1 183 
Papers, cloths, and other materials wholly or partly 
coated with natural or artificial abrasives.......-.-.- (2) 4,292 (3) 5,764 
Hones, whetstones, oilstones, and polishing stones 
number 324 79 376 T8 
Abrasive wheels and millstones: 
Burrstones, manufactured or bound up into mill- 
stones short tons (1) 4 
Solid natural stone wheels number.. 4 18 1 9 
TN, WEE O..-.- 67 242 58 808 
Other oo y x (2) 752 (3) 
Articles not especially provided for: 
Emery or garnet (2) 7 (2) 26 
9 corundum or artificial abrasive materials 8 E u p 
Grit, dak and sand of iron and steel.. short tons 2 332 1 121 
Diamonds: ! 
Diamond die number 10 229 9 289 
Crushing bort._.............--....-.... carats.. 4,255 10,065 686 1,587 
Other industrial diamond.................. do.... 6,043 85,657 4,260 86,847 
Miners’ ciamond........................- do.... 781 4,218 912 ,940 
Dust and powder ——— -2-2 -=-= do.... r 6,083 r 183,641 7,818 16,958 
Iüĩ§ĩ§ĩ§(!%˙7 ũ ¼mwp r XX 1100, 427 XX 103, 125 
r Revised. XX Not applicable. 
1 Less than Le unit. 
2 Quantity not reported. 


TRIPOLI 


Tripoli from Arkansas and Oklahoma, 
amorphous or soft silica from Illinois, and 
rottenstone from Pennsylvania are all fine- 
grained, porous silica materials of such 
essentially similar compositions and uses 
that it is convenient to discuss them, with- 
out distinction, as a group. The quantity of 
processed tripoli used in 1968 for abrasive 
purposes was 18 percent more than in 
1967, while filler and other nonabrasive 
uses increased 19 percent, calling for a 
21-percent increase in the output of crude 
material. Substantially increased quantities 
were supplied by each of the four produc- 
ing States, notably Oklahoma, with nearly 
22 percent more, and Arkansas, where the 
output was more than twice that of 1967. 
The material from these two States was, as 
usual, sold primarily for abrasive purposes, 
but an important share of the materials 
from Illinois and Pennsylvania found use 
as filler and in miscellaneous minor ap- 
plications. 


Tripoli producers in 1968 were Malvern 
Minerals Co. in Garland County and In- 
dustrial Minerals, Inc. in Polk County, 
Ark.; Illinois Minerals Co. and Tamms 
Industries Co., both in Alexander County, 
III.; The Carborundum Co. from operations 
in Newton County, Mo. and Ottawa 
County, Okla.; Keystone Filler & Manu- 
facturing Co. and Penn Paint & Filler Co., 
both in Lycoming County, Pa. 


Prices quoted in Engineering and Mining 
Journal for December 1968, for tripoli and 
amorphous silica were as follows: 


Tripoli, paper bags, 30-ton carload lots, f.o.b. 
Missouri, cents per pound: 
Once po ground through 40 mesh, rose or 


Ee 254 
Double b ground through 40 mesh, rose or 270 
Air flo floated through 200 mesh........... 8 

Amorphous silica, bags, f.o.b. mine or mill, 
dollars per ton: 

90-95 percent through 825 mesh 27 
96-98 percent through 325 mes . 21 
99.5 percent through 825 mesh. ........ 89 
99.9 percent minus 400 mesh........... 59 
99 percent minus 15 microns. .........- 65 


99 percent minus 10 microns. .......... 85 
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Table 5.—Processed tripoli sold or used e producers i in the United States, by uses 


Kind 
Abrasives L OCO... T. short tons 
6 EE E AE A E -thousands.. 
EECH short tons.. 
ü... 8 thousands 
/,, ³˙1˙ꝛwmA eem se short tons 
Cf! —A———. dnce. sce thousands 
r short tons 
Value. ...... .. 88 thousands 


1964 1965 1966 1967 1968 
42,371 48,935 45,785 44,961 52,837 
$1,831 $2,025 $1,880 $1,916 $2,201 
10,865 11,011 10,581 11,240 13,418 

$295 $296 $285 $35 $388 

5,253 4,830 4,491 4,797 5,208 

$169 $142 $183 $14 $149 
58,489 64,776 60,857 60,998 71,458 
$2,295 $2,463 $2,298 $2,418 232,787 


1 Includes amorphous silica and Pennsylvania rottenstone. 


3 Partly estimated. 


3 Data may not add to total shown because of independent rounding. 


SPECIAL SILICA STONE PRODUCTS 


Special silica-stone products produced in 
1968 included oilstones from Arkansas, 
whetstones from Indiana, grinding pebbles 
from Minnesota and Wisconsin, grindstones 
from Ohio, and tube-mill liners from Min- 
nesota. No production of millstones from 
North Carolina has been reported since 
1963. The total tonnage and value of these 
products sold or used by producers was 
greater than in 1967, with the increase 
chiefly attributable to substantially larger 


output of grinding pebbles in Minnesota 


and Wisconsin. 

Novaculite for oilstones was produced 
in 1968 by Arkansas Oilstones Co., Inc., 
John O. Glassford, Cleve Milroy, Norton 
Pike Division of Norton Co., and Hiram 
A. Smith Whetstone Co., all from opera- 
tions in Garland County, Ark.;. whetstones 
by Hindostan Whetstone Co., Orange 


County, Ind.; grinding pebbles and tube- 
mill liners by The Jasper Stone Co., Rock 
County, Minn.; grinding pebbles by Bara- 
boo Quartzite Co., Inc, Sauk County, 
Wis.; and grindstones by Cleveland Quar- 
ries Co., Lorain County, Ohio. 


Table 6.—Special silica-stone products sold 
or used by producers in the United States 


Year Short tons Value 
thousands) 
1964... geet 222 8,186 $292 
1965 22 cece cece 8,608 482 
1 98«oꝛ m 8,806 516 
| [Oy (ae 8 2,701 574 
1968... ei wees 8,141 629 
1 Includes grinding pebbles, grindstones, oilstones, 


mill liners and whetstones. 


NATURAL SILICATE ABRASIVES . 


Garnet.—The quantity of domestic gar- 
net sold or used by producers in 1968 more 
than compensated for the decline noted in 
1967. Production increases were reported 
in both of the producing States, New York 
and Idaho, each with two active operators. 
Barton Mines Corp., the largest producer, 
extracted garnet from an extensive garnetif- 
erous igneous formation in Warren County, 
N.Y., crushing and sizing the material for 
use in coated abrasives, for metal lapping, 
and for grinding and polishing glass. Cabot 
Corp.’s Oxide Division recovered from 
treatment of wollastonite ore in Essex 
County, N.Y., a substantial quantity of 
byproduct garnet, most of which was used 
as sandblast abrasive. In Idaho, the 


Emerald Creek Garnet Milling Co. and 
the Idaho Garnet Abrasive Co., both work- 
ing on placer deposits in Benewah County, 
extracted abrasive-grade garnet for sand- 
blasting and miscellaneous uses. 


Table 7.—Abrasive garnet sold or used 
by producers in the United States 


Year Short tons Value 


ousands) 
Ü 8 16, 123 $1,622 
1965-_........ um 19,330 1,717 
196. 21, 952 2,092 
1967.......-...-- u 20,494 1,849 
19688. 22, 136 1,922 
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NATURAL ALUMINA ABRASIVES 


Corundum.—Abrasive-grade natural co- 
rundum, used chiefly for the grinding of 
optical lenses and in metal lapping, has not 
been mined in the United States for more 
than half a century, and for many years 
the entire quantity used by domestic in- 
dustry was imported from Southern Rho- 
desia. Those shipments were halted, how- 
ever, in mid-1968 because of economic 
sanctions imposed against that country by 


the United Nations. Subsequent receipts 
were made up of mineral from the Republic 
of South Africa, Canada, and Brazil. The 
only recipient and processor of imported 
corundum in the United States, American 
Abrasive Co. of Westfield, Mass., crushed 
and classified the material to obtain the 
commercial product in a number of speci- 
fied particle-size ranges. 


Table 8.—World production of corundum, by countries 


(Short tons) 


India. 

Rhodesia, Southern 

South Africa, Republic of... 
e 


S.S. ° 


* Estimate. » Preliminary. 
1 Totals are of listed figures only. 


r Revised. 


Emery.—Domestic mining of emery in 
1968 was confined to Westchester County, 
N.Y., where reduced output from two pro- 
ducers and the cessation of operations by 
the third caused the total to be the lowest, 
in terms of both volume and value that 
has been reported for'a number of years. 
The two firms now remaining, De Luca 
Emery Mine, Inc., operating its No. 2 
mine near Peekskill, and the Di Rubbo 
American Emery Ore Company, working 
the Kingston mine at Croton-on-Hudson, 
produced material that was processed to 
serve miscellaneous abrasive purposes and 


INDUSTRIAL 


Imports for consumption of industrial 
diamond in 1968, although not departing 
greatly from the pattern established in the 
preceding 10 years (down less than 1 
percent in quantity, up 5 percent in value 
from that average), took a sharp turn 
downward—20 percent in volume and 5 
percent in value—from the figures of 1967. 
The raost conspicuous drop in industrial 
diamond imports was that reported in the 
 crushing-bort category, which compared 


1964 196 5 1966 196 7 1968 » 
595 530 424 r 997 ° 830 
2,870 ° 4,600 ° 4,600 ° 4,600 NA 
844 400 r 851 NA 

5,500 5,500 5,500 5,500 6,600 
9,025 10,974 10,924 10,788 NA 


NA Not available, 


to make skid-guard aggregate for surfacing 
floors, stair treads, and pavements. 


Table 9.—Emery sold or used by 
producers in the United States 


Year Short tons Value 
thousands) 

19642 2526 2 9,214 $172 

KEE 10,720 204 

1965 8 11, 102 210 

1967-6999 W 


W Withheld to avoid disclosing individual com- 
pany confidential data. 


DIAMOND 


to 1967 imports and, calculated either by 
value or volume, amounted to a reduction 
of approximately 85 percent. Although 
industrial diamond shipments from Ireland 
were about one-fourth less than in 1967, 
those from other countries also declined in 
nearly the same proportion, enabling 
Ireland to keep its position as foremost 
supplier of the mineral for import by the 
United States. 
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Table 10.—U.S. imports for consumption 
of industrial diamond (excluding 
diamond dies) 


(Thousand carats and thousand dollars) 


Year Quantity Value 
Li TEE 18 ,569 $69 ,110 
/// r 17,112 r 63, 576 
1968... w-r ee 13, 676 60, 277 


Domestic production of synthetic dia- 
mond in 1968 was estimated at a record 
11 million carats, and approximately 3 
million carats was recovered from treat- 
ment of swarf and sludges. Thus for the 
first time in history, the United States was 
able to supply more than three- quarters of 
the total industrial diamond requirement 
from internal sources. 

An invitation issued by the General 
Services Administration in January 1968 
for the sealed-bid sale of 59, 650 carats of 
stockpiled industrial diamond stones was 
rescinded in February pending restudy of 
the offering. GSA announced in December 
that Congressional consideration had been 
solicited for a proposed plan for the 
orderly disposal from Government inven- 
tory of approximately 18 million carats 
of excess industrial diamond classified as 
crushing bort. 


WORLD REVIEW 


Angola.—Exploratory drilling of dia- 
mondiferous formations was in progress 
using a reverse-circulation rotary drilling 
rig capable of sinking a 62-inch borehole 
through hard shale and interspersed rock 
fragments at the rate of up to 30 feet per 
hour. Cuttings are drawn up by a jet 
eductor system and ejected into a catch 
basin for periodic examination. The extra- 
ordinary size of the borings is required 
to yield an accurate determination of the 
Carat-to-waste ratios from the highly varied 
deposits. 


Australia.—Active prospecting was initi- 
ated in an effort to determine the source 
or sources of diamond found sporadically 
since 1895 in the Carnarvon and Fitzroy 
Basins, south of Broome and Derby, in 
northwesternmost Australia. 


Botswana.—Discovery was reported of a 
number of diamond-bearing formations in 
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central Botswana—one at Orapa and others 
near Lothlikane west of Francistown. At 
least one of these, with a notably high ratio 
of industrial material to gem stones, is 
potentially of major commercial importance. 


Canada.—De Beers Consolidated Mines 
Ltd., world’s foremost diamond producers, 
persuaded by several discoveries of kimber- 
lite east of Kirkland Lake, Ontario, began 
an intensive search for diamond deposits 
in that area. 


Central African Republic.—Output of 
the diamond diggings accounted for more 
than half of the value of the nation’s total 
exports. Exploration for the purpose of 
further expanding the mining industry was 
active in search of diamond-bearing beds 
of gravel in the Lobays river area of suff- 
cient extent to justify large-scale dredging. 


China, mainland.—Artificial diamonds 
with the extreme hardness and other 
atttributes of the natural mineral are now 
being manufactured in China, according 
to information released by the New China 
News Agency. 


Congo (Kinshasa).—Government efforts 
to curb diamond smuggling are gradually 
having the desired effect and already have 
achieved a significant reduction, although 
net the complete suppression, of the illicit 
traffic. 


Costa Rica.—A new manufacturing firm 
was organized for the reported purpose of 
producing synthetic diamond with a total 
value of over $1 million annually. 


Ghana.—It was reported that virtually 
the entire production from small-scale in- 
dependent diamond operations was being 
exported illegally to take advantage of 
world-market prices, which are substantially 
higher than those set by the State Diamond 
Marketing Corporation. 


Guyana.—Guyana could become a sub- 
stantial supplier of industrial diamond with- 
in the next few years. Three grades, 
chiefly bort, have been found throughout 
a virtually continuous belt some 250 miles 
long and 100 miles wide. Stones, mostly 
of industrial quality and with a total value 
around $1 million have been mined from 
a single pocket on a claim that, before its 
eventual depletion, is expected to yield 
as much as $2.5 million in industrial 
diamonds. 
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Table 12.—World production of industrial diamond, by countries 


(Thousand carats) 
Country 1964 1965 1966 1967 1968 » 
Africa: 
Angola uda spa a ipapa ass r 275 r 268 e 300 r 306 851 
Central African Republic...................- 221 269 210 260 304 
Congo (Kinshasaͤůͤ . .  .  . . . . . . . . . .....-.- 14,457 12,490 : 12,418 r12,891 11,358 
Congo (Brazzaville)* !12___ U... . . 22. ,94 4,982 5,000 ,000 NA 
;»! · ;‚à——WAWhh ĩð2s y 8 2,290 2,248 2,587 2,283 e2,202 
Guinea € ee ee Ee 1 51 51 51 50 NA 
Ivory oo 80 79 74 70 77 
Ir deck e.duci wciuwsesew 278 263 212 r 181 218 
Sierra Leonen.Ni/!c d.. 878 804 888 r 840 $ 850 
South-West Africa A- ee 154 r 155 176 r$ 170 170 
Tanzania (export )))) 326 414 478 r 128 327 
South Africa, Republic of:“ 
;˙¾ ⅛˙¹1ꝛ 1, 668 1,829 1,975 1,788 1,824 
DUE Group ebe eebe 8 D 35 RO 1,742 1,888 
ther pipe mines 
Alda o ooo |. 192 154 200 222 322 
Total South Africa, Republic off 2,660 2,997 8,650 r 8, 747 4,0834 . 
Total Africa...............-... r26,614 125,020 125,994 725,921 19,881 
Other areas 

Brazil 5. . 175 175 160 160 NA 
%%%/%ôöÜ— ᷣ .. ĩ . sede r 49 68 r 69 r 66 88 
I ͥ ³Ü¹.w. ĩ⅛ĩðVv. TE (5) (5) 2 1 
reo ³ ⅛ð I“ r 21 r 21 r 21 121 21 
ö ↄ˙²c(˙¹ò NZZ ceenut eee 3, 200 4, 000 4, 800 5, 600 5, 600 

Menezuelü. beet AE aee 58 8 4 r 81 
% ei ceo suo LE DE r 30,117 729,824 *81,067 731,791 25,595 

° Estimate. P Preliminary. Revised. NA Not available. : 


1 Exports, fiscal year ending August 31 of year. 


2 Probable origin, Republic of the Congo (Kinshasa). 


3 Output of Consolidated Diamond Mines of South-West Africa Ltd. 
4 Includ.s some alluvial diamond from De Beers properties. 


5 Less than 14 unit. 
6 Total is of listed figures only. 


India.—The Geological Survey of India 
initiated an intensive 2- to 3-year survey 
aimed at a quantitative assessment of the 
potentialities for diamond production, both 
industrial and gem grade, from the dia- 
mondiferous areas in the State of Andhra 
Pradesh on the Bay of Bengal, the region 
that was the source, historically or in 
legend, of the Koh-i-Noor, the Regent, the 
Orloff, and the Hope diamonds. 


Sierra Leone.—Industrial diamonds con- 
tinued to be the foremost source of export 
income. Diamond purchases by the Sierra 
Leone Government Diamond Office, vir- 
tually all for export, totaled nearly $30 
million in 1967. 


South Africa, Republic of.—The inter- 
national significance of the Republic's dia- 
mond industry was highlighted by the 
announcement that in 1967 De Beers 
Consolidated Mines Ltd., without counting 
the gains from lease to others of certain 
De Beers-controlled property, realized from 


diamond operations approximately R90 
million, or the equivalent of about $126 
million, in actual net profit. 

The Buffelsbank diamond mine, about 
300 miles north of Capetown in Namaqua- 
land, was placed in full operation early 
in 1968. It is anticipated that production 
from this mine will be around 30,000 carats 
annually for at least the next 6 years. 


Tanzania.—Although tonnage of ore 
treated in the nation’s diamond operations 
was at an alltime high in 1967, carat out- 
put diminished by at least 2 percent. An 
investigation was therefore undertaken to 
determine the economic feasibility of estab- 
lishing a tailings retreatment plant at 
Mwadui to increase the declining yield 
from the progressively poorer ground being 
treated. 


U.S.S.R.—Exploration was started for 
the purpose of determining the validity of 
conclusions drawn by geologists 2 decades 
ago concerning the likelihood of the occur- 
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rence. of kimberlite or similar diamond- 
bearing formations in. North Kazakhstan. 

Soviet scientists reported, with little 
descriptive detail, the development of a 
novel process for producing synthetic dia- 
mond in the form of filamentous crystals 
several millimeters in length. The thread- 
like diamond particles, 10 to 50 microns 
in diameter, are said to be grown at the 
rate of 1½ millimeters per hour in a 
hydrogen- containing gaseous medium at 
less than 1 atmosphere pressure and at a 
temperature not specified but characterized 
as low.“ 


TECHNOLOGY 


Diamond abrasive shaping has come to 
play an indispensable role in the fabrication 
of the sophisticated optical components 
required for the proper functioning of 
space-age mechanisms. In this field it is no 
longer unusual to have tolerances of ten- 
millionths of an inch specified and routinely 
delivered. Not only extreme precision but 
also extraordinary economy of time has 
become possible with some of the newly 
designed diamond grinding equipment. In 
a recent demonstration one of the machines 
turned out in just 8 minutes a lens 30 
inches in diameter that would have re- 
quired a.full month for a skilled craftsman 
to grind by hand. 

A novel application of diamond-studded 
core bits was successful in resolving a drill- 
ing problem for the Australian Atomic 
Energy Commission. An unconventional 
driving mechanism, specially designed for 
the problem satisfactorily overcame the 
handicaps of limited access and cramped 
working space, to take advantage of the 
capabilities of industrial diamond for drill- 
ing the required number of close-tolerance 
holes at precisely specified angles through 
the steel and high-density concrete door 
and walls of a nuclear reactor? ` 

Results obtained thus far in an intensive 
and practical analysis of the technical 
factors involved in the use of industrial 
diamond abrasive wheels for finishing 
ceramic articles of widely divergent prop- 
erties and compositions were published.* 

Substantial progress was achieved in the 
search for economically feasible techniques 
for diamond-wheel grinding of "soft" 
metals (steel, for example, is “soft” as 
compared with tungsten carbide). Use of 
a new type of metal-clad abrasive diamond 
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and an increase in the griding wheel 
dimensions both resulted in greatly im- 
proved performance. A third advance, not 
so predictable but of major importance, 
was realized through experiments involv- 
ing variations in grinding wheel hub 
compositions." 

Adequate finishing of ruby laser rods, 
especially on the critically important end 
surfaces, requires the abrasive action of 
industrial diamond. A laser manufacturer 
has found that the purpose can best be 
served by using diamond dust that is pre- 
cisely graded by a newly devised process 
into fractional-micron size ranges and ap- 
plied directly from disposable polyethylene 
syringes to guard against damage by in- 
trusive oversize particles. 

Innovative uses of industrial diamond 
were described, in which powerful gang- 
saws, each mounting 25 diamond-impreg- 
nated blades over 12 feet in length, effi- 
ciently reduce massive blocks of structural 
marble of half-inch slices.” 

Scientists in the Republic of South Africa 
devised a mechanism that, by taking ad- 
vantage of the fluorescence that X-rays 
induce in all types of diamonds, expedi- 
tiously separates the valuable crystals from 
the accompanying gravel. Diamond-bearing 
concentrate from the ore washing plant 
passes between an X-ray source and a 
photocell sensitive only to the blue light 
produced by irradiated diamonds. Thus 
the presence of diamonds in the ore stream 
causes the cell to generate impulses that 
trigger puffs of air to divert the fluorescing 
particles into a separate path. Preliminary 
trials showed that well over 99 percent of 


? Marsden, Paul. Diamond and the Optical 
Revolution. Industrial Diamond Rev., v. 
No. 829, April 1968, pp. 154-156. 

? Industrial Di&mond Review. Drilling Through 
High Density Concrete. V. 27, No. 325, December 
1967, pp. 522—523. 

*Gielisse P. J., W. F. Mathewson, J. A. 
Martis, and E. Ratterman. Ceramic Finishing 
With Diamond. Ceram. Ind. Mag., v. 90, No. 2, 
February 1968, pp. 38-41 (Part I: The Work- 
piece); No. 3, March 1968, pp. 32-35, 49 (Part 
II: Abrasive and Bond System); and No. 4, 
April 1968, pp. 124-127 (Part III: External 
Influences and Cost Analysis). 

P Dyer, Dr. Henry B. Grinding Steel With 
Diamonds. Industrial Diamond Rev., v. 28, No. 
326, January 1968, pp. 6-13. 

—. Grind Steel With Diamonds. Grinding 
Sao Finishing, v. 14, No. 3, March 1968, pp. 


6 Grinding and Finishing. Clean Diamond 
Polishes Ruby Laser Rods. V. 14, No. 3, March 
1968, p. 33. ` 

7 Industrial Diamond Review. An American 
Firm Slices, Shapes and Surfaces Marble With 
1 V. 27. No. 325, December 1967, pp. 
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the diamond content of the entering mate- 
rial was recovered by this new sorting 
apparatus.° 

Quick and reliable determination of the 
hardness of large or small samples of 
synthetic diamond was claimed for a test- 
ing method based on the use of ultrasonic 
vibration that was devised by scientists in 
the U. S. S. R. 

A journal article reported results of a 
study which compared the performance of 
several natural diamond lapping powders 
in working a selection of tungsten carbides, 
steels, and ceramics, with that of a newly 
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available synthetic diamond material. It 
was concluded that, among the powders 
investigated for these applications, careful 
sizing and certain inherent characteristics 
made the synthetic powder equal or 
superior to those that were of natural 
origin.” 

Although research in synthetic diamond 
production technology continued to be 
active throughout the year and while 
numerous patents, predominantly foreign, 
were issued pertaining to the subject, no 
major and conspicuous innovations were 
reported in 1968. 


ARTIFICIAL ABRASIVES 


Crude fused aluminum oxide abrasive 
material was produced in the United States 
and Canada in 1968 by the same six firms 
as in 1967. Pyrominerals Limited, of 
Sydney, Nova Scotia, announced in 1968 
a more than twofold expansion of its plant 
capacity, from 18,000 tons to 45,000 tons 
per year. The combined U.S. and Canadian 
outputs, consisting of regular-grade mate- 
rial and white, high-purity material in a 
ratio of about 8 to 1 by weight, 6 to 1 
by value, represented 54 percent of total 
rated plant capacity. It was estimated that 
13 percent of the fused aluminum oxide 
from plants in the United States and 
Canada was sold for nonabrasive purposes, 
mainly for the manufacture of refractories. 


Silicon carbide was produced in 1968 in 
the United States and Canada by six firms, 
all but one of which furnished material for 
both abrasive and nonabrasive uses. The 
entire production of the sixth firm, the 
Satellite Alloy Corp., operating in Alle- 
gheny County, Pa., was consumed in non- 
abrasive applications. A major producer, 
the Norton Co., increased by 10 percent 
the production capacity of its Canadian 
operations. The overall 1968 silicon car- 
bide output, which amounted to 89 percent 
of the industry's total rated plant capacity, 
was sold for abrasive and nonabrasive uses 
in virtually equal proportions. The quantity 
not employed as an abrasive was variously 
consumed as a refractory material, as a 
deoxidizer for ferrous metals, in electrical 
applications, and as a source of elemental 
silicon. 

Essentially all the abrasive-grade alumi- 
num oxide and silicon carbide produced 
in Canada was shipped to the United States 


for processing into specified grain-size 
fractions, in which form part was sub- 
sequently returned to Canada for fabrica- 
tion into grinding wheels and other abra- 
sive products. 

The 1968 production of metallic abra- 
sives in the United States exceeded the 
previous record output by 6 percent in 
quantity and 7 percent in total value. Ohio 
had an output equivalent to 37 percent 
of the national total and almost twice that 
of the nearest competitor. Three States 
taken together—Michigan, Indiana, and 
Pennsylvania—furnished 53 percent of the 
total, and the remaining 10 percent was 
made up of the contributions of four other 
States. Minnesota, formerly a producer, 
had no recorded output in 1968. 


TECHNOLOGY 


In cutting slabs of stainless steel up to 
6 inches thick and 18 feet long, a New 
England manufacturer realized important 
economics both of material and of labor 
time by replacing earlier methods by a 
special adaptation of rubber-bonded alumi- 
num oxide cutting wheels—30 inches in 
diameter, loaded at 190 pounds, and turn- 
ing at 1,100 revolutions per minute (rpm), 
as compared with the 26 inches, 167 
pounds, and 1,450 rpm suitable for lighter 


®South African Mining and Engineering 
Journal. Diamond Recovery by X-Ray. V. 79, 
No. 8980, May 31, 1968, pp. 1388-1390. 

9 Pluzhnik, V. I., and G. F. Skripko. Rapid 
Hardness Testing of Synthetie Diamonds. Indus- 
5 Rev., v. 28, No. 328, March 1968, 
p 

10 West, Warren. There’s a Difference in Dia- 
mond Lapping Powders. Grinding and Finishing, 
v. 14, No. 5, May 1968, pp. 80-31. 
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Table 13.—Crude artificial abrasives produced in the United States and Canada 


(Thousand short tons and thousand dollars) 


Kind 1964 1965 1966 1967 1968 
Silicon earbide 11 quantity. 182 188 159 142 159 
FT EE $18 ,482 $19 ,968 $21,674 $19,612 $23,833 
Aluminum oxide (abrasive grade) i. quantity 171 195 244 207 192 
J)) GV—0G0TCV0T0T0T0V-AT 885 21,498 24, 909 29,981 28,1898 27,105 
Metallic abrasives ?.............. quantity. 156 191 205 204 216 
( ³Ü»Ü ¹ei ⅛I ⁵⁶¼m. ¼˙dT mE au Es 28,446 28,230 81,139 82,610 84,778 
r eos pou quantity. 459 524 603 553 3 668 
!(,» ³ ³ A 8 63,870 78,102 82,794 80,405 86,316 

1 include material used for refractories and other nonabrasive purposes. 


2 Shipments for U.S. plants only. 
s Data may not add to total shown because of independent rounding. 


Table 14.—Production, shipments, and stocks of metallic abrasives 
in the United States, by products 


Manufactured Sold or used Stocks Annual 
— —— — — Dee. 81 capacity 
Year and product Short Value Short Value (short (short 
tons (thou- tons (thou- tons) tons) 
sands) sands) 
1967: 
ganer iron shot and grit... 41,585 $4,099 41,014 $4,662 5,630 245,605 
ealed iron shot and grit.. 44,115 4,870 48,704 5,622 1,498 1 72,299 
Steel shot and grit.......... 119 ,0.:5 17,055 116,302 21,786 8,998 148,142 
Othee m 2,801 466 3,312 590 128 11,400 
rr en 207. 566 26,490 204,932 82,610 3 15,639 400,147 
1968: 
Chilled ircn shot and grit 38, 500 8,714 87,776 4,192 6,854 247,015 
Annealed iron shot and grit.. 45, 970 4,927 46 ,070 5,978 1, 398 2 171,487 
Steel ahot and grit 130, 698 18,363 130, 668 24,208 8,428 148,163 
Other 1,728 348 1, 688 405 168 11,250 
r A 216,896 27,852 216,202 34, 778 16,333 406,428 


1 Included in capacity of chilled iron shot and grit. 
2 In ludes cut wire shot. 
s Includes revisions in Product detail. 


Table 15.—Stocks of crude artificial abrasives and capacity of manufacturing plants, 
as reported by producers in the United States and Canada 


(Thousand short tons) 


Y Silicon carbide Aluminum oxide Metallic abrasives ! 
ear — —— M MX XM—:ũ— . 
Stocks Annual Stocks Annual Stocks Annual 
Dec. 31 capacity Dec. 31 capacity Dec.81 capacity 
%/ĩõĩÄ5,t0ðn ð 8 15.0 152. 5 14. 5 298.8 23.1 386.0 
/ AT 9.1 155.9 10.9 304. 8 17.9 376.8 
. ðĩVKſ ͤ E 2 17. 5 174.4 18. 6 310.8 12.7 373.5 
/ Emu RACE 12.9 176.1 80.2 830.2 r 15.6 400.1 
1068. . 8 17.7 179.7 25. 5 357.2 16.3 406.4 


* Revised. 
1 United States only. 
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Figure 1.— Artificial abrasive production. 


plates. The new process leaves the cut 
surfaces in a semifinished condition.“ 

A new machine uses modern manu- 
factured abrasives rather than a sharpened 
blade to cut away surplus wood faster and 
at less cost than by conventional planing 
methods, while holding the surfaces to 


tolerances expressed in ten-thousandths of 
an inch.” ` 


11 Tron Age, Abrasives Bite Into Thick Plates. 
V. 4,4202, No. 8, July 18, 1968, pp. 74-76. 
12 Loeh ^ Pella A. Scratching the Surface. 
Barron's, June 24, 1968, pp. 8, 38-24, 26-27. 
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Aluminum 


By John G. Parker ! 


Although domestic primary production 
decreased slightly because of a midyear 
strike, total world production increased 
but not at the rate of the previous year. 
By 1972, in anticipation of industrial ex- 
pansion throughout the free world, there 
was expected to be nearly a 50-percent 
increase in primary production capacity. 
Reflecting added expenses to the industry, 


aluminum prices were increased at midyear. 


Legislation and Government Programs.— 
During the year sales of primary aluminum 


under the disposal program initiated in 
November 1965 totaled 56,554 tons, of 
which 56,075 tons went to four of the 
seven participating primary producers and 
the small remainder to three nonparticipat- 
ing firms. 

Throughout 1968, Business and Defense 
Services Administration, U.S. Department 
of Commerce, established the aluminum 
set-aside for defense and related orders at 
150,000 tons per quarter, the same as in 
the previous year. 


Table 1.—Salient aluminum statistics 
(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 
Primary production...................- 2,558 2,754 2,968 8,269 3, 255 
Valie euer adiuti c ees $1,196,013 $1,337,795 $1,446,011 $1,614,483 $1,689,621 
Price: Ingot, average cents per pound 23.7 24. 5 24. 5 25. 0 25. 6 
Secondary recoverg . . 552 641 693 698 817 
Exports (crude and semierude) .. 349 315 880 866 851 
Imports for consumption (crude and 
semicrude -2-02 ----222-.--- 458 620 679 539 785 
Consumption, apparent 3,216 3,784 4,002 4,009 4,656 
World: Production 6,553 6,951 7,583 8,352 8,864 


DOMESTIC PRODUCTION 


Primary.—Domestic primary aluminum 
output in the 13 States with aluminum 
reduction plants decreased slightly from 
that in the 1967 record year, largely due 
to a midyear strike at two principal pro- 
ducers. Five plants in four States were hit 
by the strike. As usual, Washington State 
led in total production with 775,419 tons 
valued at $394.3 million. 

Production capacities were increased by 
Aluminum Company of America (Alcoa) 
at Rockdale, Tex.; Reynolds Metals Com- 
pany at Longview, Wash.; Kaiser Alumi- 
num & Chemical Corp. at Tacoma, Wash.; 
Anaconda Aluminum Co. at Columbia 
Falls, Mont.; Consolidated Aluminum Corp. 
at New Johnsonville, Tenn.; Harvey Alu- 
minum, Inc. at The Dalles, Oreg.; and 
Intalco Aluminum Corp. at Bellingham, 
Wash. Expansions of primary capacity at 


plants now in operation and plans for new 
facilities by companies not now producing 
primary ingot in the United States were 
given in a comprehensive article. 


Table 2.—Production and shipments of 
primary aluminum in the United States 
(Short tons) 


1967 1968 
Quarter 

Pro- Ship- Pro- Ship- 

duction ments duction ments 
First...... 783,189 788,218  À 840,728 898,459 
Second. 817,445 777,440 787,864 839,731 
Third 824,919 747,155 741,431 756,857 
Fourth... 848,706 823,328 885,024 908, 008 


Total.. 3, 269, 259 3,186,186 8,255,042 8,403,055 


1 Physical scientist, Division of Mineral Studies. 

2 Metals Week. Aluminum-Profile of an Indus- 
try: The Primary Producers. V. 39, No. 29, July 
15, 1968, pp. 4A-30A. 
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Table 3.—Aluminum recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 


Kind of scrap 1967 1968 
New scrap: 
Aluminum- base 1568, 782 2 661,570 
Copper- base 81 
Zinc- base 71 88 
Magnesium- base 313 434 
Totalxi.cseetes3eseess 569,247 662,197 
Old scrap: 
Aluminum- base 1 127,681 2 158,959 
Copper- base 70 77 
SZine-bhase 569 544 
Magnesium-base. .........- 184 181 
dk D WEEN 128,504 164,711 
Grand total 697,751 816,908 


Form of recovery 1967 1968 
As metal...............- .... 538,656 72, 132 
Aluminum alloys............. 628,848 728,784 
In brass and bronze 643 762 
In zinc-base alloys .. 8,304 7,067 
In magnesium alloys.......... 1,195 1,089 
In chemical compounds 5,105 7,124 

Tot. 697,751 816,908 


1 Aluminum alloys recovered from aluminum- base scrap in 1967, including all constituents, were 602,064 
tons from new scrap and 145,392 tons from old scrap and sweated pig, a total of 747,456 tons. 

2 Aluminum alloys recovered from aluminum-base scrap in 1968, including all constituents, were 699,147 
tons from new scrap and 175,415 tons from old scrap and sweated pig, a total of 874,562 tons. 


Alcan Aluminium Limited, the Canadian- 
based firm, hoped to strengthen its share 
of the U.S. market as it moved toward the 
purchase of Metal Goods Corp., a St. Louis- 
based metals distributor which has distrib- 
uted for such firms as Alcoa and The 
Anaconda Company. Alcoa planned to in- 


stall a 220-inch-wide hot rolling mill, the 
world’s largest, at Davenport, Iowa, by 
early 1971.“ A large rolling mill in Grundy 
County, near Joliet, III., owned by Amax 
Aluminum Co., went on stream.“ By late 
1969 it will have attained its full capacity 
of 45,000 tons per year, thus doubling the 
company’s sheet production capacity. A 
primary reduction facility being built near 
Frederick, Md., by Eastalco Aluminum Co., 
a joint enterprise of Howmet Corp. and 
Pechiney Enterprises Inc., will be in opera- 
tion in 1970. Eventually the $190 million 
plant will have three potlines, each rated at 
85,000 tons per year. Harvey Aluminum, 
41 percent of which was bought by Martin 
Marietta Corporation late in 1968, planned 
to erect a 100,000-ton, two-potline reduc- 
tion facility 25 miles southwest of Golden- 
dale, Wash., near the John Day Dam. 
A local supply of calcined coke for anodes 
used in Kaiser Aluminum’s Chalmette, La., 
aluminum reduction plant became available 
when a $2 million coke calcining plant 
went into operation at the site. Near year- 
end National-Southwire Aluminum Co., 
jointly owned by Southwire Co. and 
National Steel Corp., announced that a 
fourth potline will be added to the primary 


aluminum reduction plant now being built 
at Hawesville, Ky., thus bringing total 
capacity to 180,000 tons per year. Revere 
Copper and Brass began construction of a 
110,000-ton primary aluminum reduction 
plant at Goose Pond Island near Scottsboro, 
Ala., the first potline of which is scheduled 
for completion in 1971.° In the same com- 
plex is a new $60 million, 90,000-ton alu- 
minum rolling mill which will eventually 
be supplied with hot metal by the reduc- 
tion plant. 


Secondary.—Recovery of secondary alu- 
mium was 817,000 tons, 17 percent greater 
than that in 1967. Domestic recovery of 
aluminum alloys (including all constitu- 
ents) from aluminum-base scrap was 
875,000 tons. Metallic recovery from new 
scrap was 699,000 tons, an increase of 
16 percent; metallic recovery from old 
scrap and sweated pig rose 20 percent to 
over 175,000 tons. Also, 1,379 tons was 
recovered from copper-, zinc-, and magne- 
sium-base scrap. The value of 815,529 
tons of aluminum recovered from processed 
aluminum scrap was $417 million com- 
puted from the average price of primary 
aluminum ingot of 25.58 cents per pound. 

The calculated consumption of purchased 
aluminum-base scrap and sweated pig, 


3 Aluminum Company of America. 1968 Annual 
Report. Feb. 20, 1969, 32 pp. 
(AMAX). 


4 American Metal Climax, 
Annual Report 1968, 38 pp. 

5 Harvey Aluminum, Inc. Annual Report for 
the Fiscal Year enled Sept. 30, 1968, 40 pp. 

9 Revere Copper and Brass Inc. Annual Report. 
1968, 28 pp. 


Inc. 
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Table 4.—Stocks, receipts, and consumption of new and old aluminum scrap and 
sweated pig in the United States in 1968 


(Short tons) 


Class of consumer and type of scrap Stocks Receipts Con- Stocks 
Jan. 1:7 sumption ? Dec. 81 
Secondary smelters:? 
ew scrap: 
Solids: 
ss 9 Ee (Cu maximum, 0.4 percent). 5,049 104,705 105,339 4,415 
Segre low high copper 1,672 23,959 24,796 885 
Mixed low copper (Cu maximum, 0.4 percent) 1,975 60,766 60,686 2,055 
High zinc (7000 series typevꝛꝛꝛdꝛ 532 7,621 7,731 422 
Medi ⅛ðVü. ee ie W W W W 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent W W W W 
Zinc, under 0.5 percent t W W W W 
Zinc, 0.5 to 1.0 percent W W W W 
Other c. oou oe A 8 1,565 57,346 57,697 1,214 
Foil, dross, skimmings, and other................- 12,661 98,853 99,208 12,306 
Total new scra z 28,855 529,809 531,268 27,396 
Old scrap Solid; ⁵ð⁊ e 6,067 114, 585 113,907 6,745 
Sweated pig (purchased for own use) 5,229 51,638 54,114 ,158 
Total all classes. 2................---.......-- 40,151 696,032 699,289 86,894 
Primary producers, foundries, fabricators, and chemical 
plants: 
Mew ap: 
oli 
Segregated low copper (Cu maximum, 0.4 percent) 2,706 136,227 135, 976 2,957 
Segre ow high eopper ----...------------------ 135 13,605 13,575 165 
Mixed low copper (Cu maximum, 0.4 percent) 3,136 58,665 51,770 5,081 
High zine (7000 series type) ..............-..-- 275 2,465 2,468 277 
Medellin 8 W W W W 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent W W W W 
Zinc, under Obpercent -----------0- W W W Ww 
Zinc, 0.5 to 1.0 percent W W W W 
0öĩ³⁵O[Ot᷑̃? ;0k ee ee ele T E 264 24,007 24,102 169 
Foil, dross, skimmings, and other 1,269 40,155 39,041 2,388 
Total new sera zz 8,043 280,818 277,454 11,407 
Old scrap (solids) .................-............- 800 8,500 ; 829 
Sweated pig (purchased for own use) 3,413 30, 138 29, 856 3, 695 
Total all classes 11,756 319, 456 315,781 15,431 
Total of all scrap consumed: 
New scrap: 
Solids: 
Segregated low copper (Cu maximum, 0.4 percent) 7,755 240,932 241,315 7,872 
Segre lise high eopper -2-2 ħħiħ 1,807 87,564 38,371 1,000 
Mixed low copper (Cu maximum, 0.4 percent). - - 5,111 114,431 112,456 7,086 
High zinc (7000 series type ꝛꝛ 807 10,086 10,194 699 
Mixed E EE 2,406 78,070 11,918 2,568 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent 698 24 ,502 23,831 1,369 
Zinc, under 0.5 Gereent. --------------- 849 21,996 21,561 784 
Zinc, 0.5 to 1.0 pereent. ------- -2-2 2,206 62,685 63,028 1,868 
n, . A tt rta 1,829 81,358 81,799 1,383 
Foil, dross, skimmings, and other 13, 980 139, 008 138, 249 14, 689 
Total new scra 222 2.222 2l22222l222 36, 898 810, 627 808 , 722 38 , 803 
Old scrap el Á— 6,367 123,085 122,378 7,074 
Sweated pig (purchased for own use) 8,642 81,776 83,970 6,448 
Total all classes 51,907 1,015,488 1,015,070 52,325 
r Revised. W Withheld to avoid disclosing individual company confidential data. 


1 Includes imported scrap. 
? Calculated. 


3 Excludes secondary smelters owned by primary aluminum companies. 


based on reports of consumers, totaled 
1.015 million tons with independent sec- 
ondary smelters using 69 percent of this 
total. Primary producers used 152,176 tons 


7 percent; 
chemical plants, 7,124 tons. 


foundries, 


or 15 percent; fabricators, 75,625 tons or 
80,856 tons 


and 
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Table 5.—Production and shipments of secondary aluminum alloys, 
by independent smelters 


(Short tons)! 


1967 1968 
Produc- Ship- Produc- Ship- 
tion ? ments ? tion ? ments ? 
Pure aluminum (Al minimum, 97.0 percent). --....------ 58,656 53,509 72,182 72,835 
Aluminum- silicon: 
95/5 Al-Si, 356, etc. (maximum Cu 0.6 percent! . 20, 310 20, 256 19, 804 19,924 
13 percent Si, 360, etc. (maximum Cu, 0.6 percent)... 42,679 42,224 42,668 42,684 
Aluminum-silicon (Cu, 0.6 to 2 percent 8,494 8,872 8,160 , 305 
No. 12 and variationg. ee 7,504 7,448 6,997 7,150 
Aluminum-copper (maximum Si, 1.5 percent 643 6 162 775 
No. 819 and veriationg. 2.2.2.2- -2-an 50,914 51,326 49,672 49, 908 
Nös: 122; Eeer 956 991 726 721 
AXS-679 and variations 285, 535 287,316 338,495 838 , 846 
Aluminum-silicon-copper-nickel.............----.-...-- 24,675 24,791 28,284 27,973 
Deoxidizing and other destructive uses: 
Grades 1 and ůIͥ-fſrnlk./k ee ee 14,328 14,391 16,932 16,696 
Grades 3 and 4d... x... .. .... Esa 18,118 13,964 10,186 10,457 
Aluminum-base hardener 6,818 6,722 7,001 7,026 
Aluminum- magnesium 1,195 1,297 1,089 1,142 
Aluminum-zine -..- 2222-22 eee eee 8,804 8,398 7,067 7,312 
Miscellaneous 82,454 82,489 25,317 25,597 
KN BEE 571,578 574,177 635,192 681,696 


1 Gross weight, including copper, silicon, and other alloying elements. Secondary smelters used 21,184 and 
25,021 tons of primary aluminum in 1967 and 1968, respectively, in producing secondary aluminum-base 


alloys. 


2 No allowance was made for consumption or receipts by producing plants. 


The Bureau of Mines estimated that com- 
plete coverage of the industry would show 
a total scrap consumption of 1.188 million 
tons and a secondary ingot production of 
743,000 tons. Calculated aluminum recovery 
based on full coverage would total 925,000 
tons and the metallic aluminum alloy re- 
covery would total 997,000 tons. Secondary 
aluminum alloy-ingot production totaled 
635,200 tons, 11 percent more than that in 
1967. Excluded from data on remelt ingot 
were alloys produced from purchased scrap 
by primary producers. Contributing to the 
larger production of secondary aluminum 
were increases in output of pure aluminum, 
and in the alloy AXS—679 and variations. 

Data obtained through a Bureau of Mines 
canvass were combined with data made 
available to the Bureau by The Aluminum 


Smelters Research Institute. These data 
covered operations of the Institute's mem- 
bers which represent more than 75 percent 
of the secondary aluminum smelter industry. 

In January, Vulcan Materials Co., Bir- 
mingham, Ala., acquired Aluminum & 
Magnesium Inc., Sandusky, Ohio, and re- 
named it the A & M Division. The new sec- 
ondary smelter at Oak Creek, Wis., ready 
in 1969, will give the division a total capac- 
ity of more than 130,000 tons per year. 

By early 1969, near its Listerhill, Ala., 
aluminum reduction plant, Reynolds Metals 
Co. planned to complete a reclamation 
plant which will recycle aluminum by con- 
verting scrap into ingot. The unit's three 
gas-fired melting furnaces will have an 
annual capacity of 30,000 tons. 


CONSUMPTION 


Apparent consumption of aluminum in 
1968 was 16 percent more than that in 
1967, due principally to increases in pri- 
mary metal sold or used by producers and 
in net imports of crude and semicrude metal. 

Net shipments of aluminum wrought and 
cast products by producers in 1968 rose by 
11 percent. Accounting for most of the in- 


crease were larger shipments of sheet, plate, 
and foil while the only decrease was in 
shipments of sand castings. 

According to figures compiled by the 
Aluminum Association from industry esti- 
mates, the distribution of shipments of 
aluminum metal to various industries was 
as follows: 


ALUMINUM 


Percent Percent 


Industry of total of total 
1968 
Building and construction...... r 21.6 22.5 
ransportation............... r 19.9 19.7 
i 88 r 14.0 18.2 
Containers and packaging r 9.7 10.2 
Consumer durables z 9.3 9.9 
Machinery and equipment — r 6.9 6.9 
Exports 7.8 6.4 
One Scuc r 11.3 11.2 
err esse 100.0 100.0 
* Revised. 


In the largest category, building and con- 
struction, despite increasing competition 


155 


from vinyl home siding, shipments of alu- 
mium residential siding increased over 13 
percent. Adding to the increased share of the 
market held by this sector was the transfer 
of mobile home manufacture from the trans- 
portation category. | 

Also contributing to decline in shipments 
for transportation were cost-cutting and 
stretchouts in aerospace programs; on the 
other hand, usage in automobiles was esti- 
mated to have increased. Aluminum was 
also used in government and commercial 
marine vessels including new-type Navy 
landing craft and in an all-aluminum patrol 
gunboat. 


Table 6.—Apparent consumption of aluminum in the United States 


(Short tons) 
Primary sold Imports Recove Recovery Total 
Year or used by (net)! from ol from new apparent 
producers scrap ? scrap ? consumption 
lr ee 88 2,554,898 109,901 123,677 428,014 8,216,490 
1065 ee 2, 786, 584 306,819 159, 704 481,014 8,784,121 
% y 2,958, 274 350, 400 136, 876 556, 155 4, 001, 705 
J000%0½/½%ee 8 3, 186, 136 174, 728 128, 504 569,247 4,008,610 
e ß 3, 408, 055 435,718 154,711 662, 197 4, 655, 676 


1 Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight multiplied by 0.9). 


2 Aluminum content. 


Table 7.—Net shipments’ of aluminum 
wrought and cast products ? 
by producers 


(Short tons) 


1967 1968 » 


lier, ht products: 
Sheet, plate, and foil.. 71,658,737 1,956,676 
Rolled and continuous 


cast rod and bar; 
wire 


EE r 460,864 488,723 
Extruded rod, bar, 
pipe, shapes, drawn 
and welded tubing 
and rolled structural 
shapes r 856, 075 935, 661 
Powder, flake, paste... r 117,002 138, 186 
orgings r 82,610 86,285 
Tell! ¿ ¿2 r 8 175,278 3, 600, 531 
Castings: 
Sand. eee 25,310 110,210 
Permanent mold...... 191,284 219,898 
deer eg 38 ,474 441,613 
Others 12,288 12,424 
Total... 767,856 784,145 
Grand total r 3,942, 634 4,384,676 
P Preliminary. * Revised. 
! Derived by subtracting the sum of producer's 


domestic receipts of each mill shape from the domes- 
tic industry’ s gross shipments of that shape. 
2 Figures derived from a new probability sample. 


Table 8.—Distribution of wrought products 


(Percent) 
1967* 1968» 
Sheet, plate, and foil: 
N on-heat-treatable een en o em ab d» em em ep em ep 89 0 4 41 e 8 
1 J 5.7 5.4 
JJ —⁰ũ: ü! muyuka 7.1 7.1 
Rolled and continuous cast rod and 
bar; wire: 
Rod, bar, etc................. . 3 2.2 
Bare wire, conductor and-non- 

conduetor- ---2-22------ 1.5 1.4 
Bare cable (including steel- 

reinforced) j 8.0 6.9 
Wire and cable, insulated or | 

covered... ...... . .. . . ...... 2.8 8.0 

Extruded rod, bar, pipe, tube, and 
shapes: 
Alloys other than 2000 and 

7000 series „FF 122.4 21.8 
Alloys in 2000 and 7000 series 1.8 1.4 

Tubing: 
e -222-22 -.- 1.4 1.3 
Welded, non Dea ane 2 1.4 1.5 
Powder, flake and paste: 

Atomis CFF 8.2 3.4 
Ea... 8 (3) (3) 
Se EE . 3 . 8 
Powder, n. ee .1 ol 

Forgings (including impact extru- 
sions "d EE 2.6 2.4 
Total- uo; -- 100.0 100.0 
r Revised. P Preliminary. 


ES Includes a small amount of rolled structural 
apes 
2 Includes a small amount of heat-treatable 
welded tubing. 
3 Less than .1 percent. 
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In electrical applications, (1) aluminum- 
coated steel-reinforced (ACSR) and bare 
cable and (2) insulated or covered wire and 
cable again formed over 50 percent of 
shipments. Fluctuating prices of copper and 
uncertainty of supply led to increases in the 
use of aluminum wire in telephone cables. 
The Baltimore, Md., cable plant of Western 
Electric Company planned to have a capac- 
ity of 500 million conductor feet per year 
of plastic-insulated aluminum telephone 
cable by early 1969 and to be able to supply 
5 billion conductor feet per year to the Bell 
System network by April 1970. 
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The largest percentage increases were in 
containers and packaging, mostly as metal 
and composite cans and as foil, and in con- 
sumer durables, where usage in refrigerators 
and in air conditioning, which forms a 
large part of this category, was followed in 
quantity by cooking utensils. Another grow- 
ing part of consumer durables was pleasure 
boats and outboard motors. The subcategory 
of military landing mats was shifted from 
the building category to “Other,” which is 
composed mostly of defense items. 

The markets are discussed in detail in one 
part of a comprehensive series of articles on 
aluminum published in 1968.* 


STOCKS 


On December 31, 1968, stocks of alumi- 
num ingot in the hands of primary pro- 
ducers were 70,914 tons, compared with 
218,927 tons on December 31, 1967. A 
new reporting method used by a major 
producer caused the apparent large draw- 
down in stocks. In addition to the reported 
primary stocks, reduction plants also main- 
tained inventories of ingot and aluminum 
in process. 


Inventories of secondary aluminum alloy 
ingot increased 14 percent to 28,700 tons, 
equivalent to slightly over two weeks supply 
based on shipments for the year. Consumers’ 
yearend inventories of purchased aluminum 
scrap increased less than 1 percent and were 
equivalent to less than 3 weeks supply based 
on the total quantity melted or consumed 
during the year. 


PRICES 


Added expenses, including those incurred 
in contract agreements signed with striking 
unions, were claimed to be responsible for 
increases in aluminum prices. The published 
domestic price for unalloyed primary alu- 
minum ingot, of 99.5 percent purity, was 
increased to 26 cents per pound in June. 
At the same time, prices on major producer 
alloys and most semifabricated products 
were increased about 4 percent, and the 
quoted price for super pure aluminum 
(99.99 percent aluminum) was raised 1 
cent to 41.5 cents per pound. 


According to American Metal Market 
late in 1968, prices of various grades of 
smelter alloys had risen. For example, 380 
(AXS-679) alloy ranged from 25.5 cents 
per pound with 3 percent zinc content to 
26 cents per pound with 1 percent zinc 
content; steel deoxidizing grades of alumi- 
num alloy ranged from grade 4, 85 percent 
minimum aluminum at 23.5 cents per 
pound to grade 1, 95 percent minimum 
aluminum at 26.75 cents per pound. 


FOREIGN TRADE 


Exports of crude and semicrude alumi- 
num were 4 percent less than in 1967, 
whereas the total value decreased nearly 
6 percent. The United States shipped 18 
percent of all its exports of ingots, slabs, and 
crude to Belgium-Luxembourg, 11 percent 
to Japan, and 7 percent to France. Exports 
of scrap decreased 9 percent, with West 
Germany and Japan receiving 36 and 27 
percent, respectively. 


Total net imports of aluminum estab- 
lished a new record of 435,000 tons, due 
largely to greatly increased imports of crude 
aluminum metal and alloys. Canada again 
was our major supplier of these materials 
with 71 percent of the total. 


7 Metals Week. Aluminum-Profile of an Indus- 
try: The Major Markets. V. 39, No. 42, Oct. 
14, 1968, pp. 104A-137A. 
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Effective January 1, 1968, in accordance per pound; unwrought, other than alumi- 
with Kennedy Round trade agreements, num silicon alloys, 1.2 cents per pound; 
duties on certain unwrought and wrought and wrought in forms of bars, plates, sheets, 
aluminum products were reduced and are and strip, 2.4 cents per pound. 
as follows: Unwrought in coils, 2.2 cents 


Table 9.—U.S. exports of aluminum, by classes 


1967 1968 
Class nce — — eee 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude and semicrude: 
Ingots, slabs, and crude........................... 209,009 $99,961 180,279 $85,855 
EE Ee 54,631 17,686 49,427 16,017 
Plates, sheets, bars, ete -0-2-02 0manueMaMnMnMnMMMM 96,275 70,757 114,062 77,418 
Cast and for gings 2,816 11,178 8,527 10,104 
Semifabricated forms, pe... -2-2-2-2 8,596 7,624 8,538 6,286 
Total. u c c GAT eed aedem ESI E 866,227 207,101 850,888 195,629 
Manufaetures: 
Felde. . . . . . ... ʒ 8,612 5,940 4,070 6,987 
Powders and pastes (aluminum and aluminum bronze) 
(aluminum eopntent). -.-----.----------------0-.- 1,180 r 1,450 1,287 1,698 
Wire and ebe -. LLL llle lll. l- 11,148 8,660 11,635 10,177 
Tatul ete eal ;-; 15,885 r 15,960 16,992 18,707 
Grand total... ꝛð S. O. L LO Su OSO ¿SSS 982,112 * 223,051 367,825 214,336 
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Table 11.—U.S. imports for consumption of aluminum, by classes 


1967 1968 
Class — — — — 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude and semicrude: 
Metals and alloys, erude ....------------------.- 449,716 $194, 925 685, F $298,759 
Circles and disk e e 6,196 7,7 5,451 
Plates, sheets, etc., n.. 38,770 25, 305 42, 248 27,811 
Rods and bark 18,875 10, "415 12, 136 9,054 
re . oot e ews 30, 489 10,040 37,521 12, 134 
gz d e us 588 , 546 245,278 785,855 852,709 
Manufactures: 
WOM SEN 1,939 8,587 2,105 8,638 
Leaf (5.5 by 5.5 inches 1 17 1 16 
Flakes and powder 496 888 289 270 
WG EE wees sews 571 610 715 582 
%õ§Ü˙% é⁰ - A] . Ä 3, 006 4, 602 8,109 4,501 
Grand total ˙Aàdd)A ] ·˙—ů!;.!ꝝ ³˙ AA >2>...-- 541, 552 249, 880 788,464 857,210 


1 1967: 1,542,500 leaves and 17,540,245 square inches of leaf; 1968: 2,624,000 leaves and 15,155,726 square 
inches of leaf. 
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WORLD REVIEW 


World primary aluminum output in- 
creased about 6 percent from that of the 
previous year compared with 10 percent 
between 1966 and 1967. Since 1964 the 
growth rate of primary aluminum produc- 
tion has been 6.25 percent, compounded 
annually. Japan consolidated its position 
as the world’s fourth largest producer by 
increasing output 26 percent. Norway’s in- 
crease of 30 percent pushed it past France 
as the fifth largest. The greatest gain, 175 
percent, was registered by Ghana. 

No new primary aluminum reduction 
plants were completed in the free world in 
1968, but substantial additions were made 
to facilities in the United States, Mexico, 
Surinam, the Netherlands, Norway, and 
Japan. Capacities for world primary 


smelters at yearend 1968 are shown in table 
14. Other primary plants scheduled for 
completion in 1969-1971 were to be located 
in Brazil, West Germany, Iceland, Italy, 
Norway, the United Kingdom, Angola, the 
Republic of South Africa, Bahrain, Iran, 
Japan, Australia and New Zealand. A 
directory of aluminum ingot makers and 
semifabricators was available.“ 


Australia. A prolonged drought in 
southwestern Australia, which caused hydro- 
electric power restrictions, seriously affected 
aluminum production in the first half of 


8 U. S. Department of Commerce, Business and 
Defense Services Administration. Foreign Free 
World Producers of Aluminum. Primary Ingot, 
Sheet, Plate, Foil and Extrusions. December 
1968, 22 pp. 


Table 13. World production of aluminum by countries 


(Short tons) 
Country 1964 1965 1966 1967 1968 v 
North America: 
Gn!!! ..........-.-.-.. 842, 640 880,505 r 889,915 975,489 984,999 
. . . . . . .. 19,487 21,041 r 22,861 , 714 4,822 
United States 2,552,747 2,754,478 2,968,866 8,269,259 3,255,042 
South America: | 
Brazil 2-2 ß LE 29,866 83,518 r 29, 637 * 40,000 * 45,700 
Surinam puc u ⅛ d mw: ceu betes 1,881 28,830 34, 279 48, 006 
Venezuela. L uo ³Ü˙ꝛ A dd d y Quee 3,407 11, 000 
Europe: 
FHü.- cae ⁵ 88 85, 646 86, 880 87, 002 86,801 94,687 
Czechoslovakia en... eu 65,000 68,000 68,000 72,000 I 
Ee C 848,319 375,367 400, 701 398, 000 408,005 
Germany: 
VT E .2c22mlescceweQeu2ur r 72,000 r 77, 000 r 88,000 : 88,000 
Wel. . eene 242,418 258,407 268, 889 278,770 278,000 
))! % ³¹ꝗ ͥ f V . tueur ss 40, 000 „00 „000 
Hun gar 62,698 64,048 66, 685 68,118 69,00 
Cl ß 127, 422 186,660 » 140,864 140,851 156,912 
Netherlands e ß e -..-..-..-..- 22, 42 e 85,000 54,000 
NOPWARV ß ee 287 ,724 808 , 804 856 , 809 897 ,915 518,174 
Poland E 1. sod as cues 52,689 52,146 60,816 101,700 108,066 
Rumsnlü--...2.0 22 0 eek. ee 25,127 51,644 58,187 84, 076 
SGI. . 8 54, 728 57,217 r 70,194 98,782 85, 491 
SS %% ˙’àẽ⁰² Sh ⁰m cee 88 , 589 84,959 r 81,618 87,809 61,509 
Switzerland 70, 805 74,020 75,756 79,697 84,718 
U.S.S.R.* (primary) ............-...--- 900,000 980,000 980,000 1,064,000 1,100,000 
United Kingdom. ....................- 85,516 89,911 40,934 48,051 42 ,064 
e Yugoslavia. 22 ee 88 ,820 45, 545 46, 821 49,184 53,000 
rica: 
Cameroon, Republic off... 56,777 55, 652 53,681 58,488 50, 085 
asit Da taeda a a aaen a Donna ĩͤ ON ERE SENE 48,752 120,044 
8 
China (mainland) 9 110, 000 110, 000 110, 000 90, 000 99,000 
India EEN 62, 465 74,041 91, 803 106, 210 132,887 
Japan A ee eA eee 292 ,950 823,972 871,778 421,128 532,311 
Taiwan )7%ͥ 8 21,854 20, 847 18,978 17,020 22,068 
Oceania: Australia 88, 194 96, 144 101, 262 102, 286 107, 308 
Toll 4... . os eee r 6,552, 794 * 6,951,265 7 7,582,711 8,351,742 8, 864, 424 
e Estimate. P Preliminary. r Revised. 
1 Exports. 


? Includes secondary. 
3 Includes super-puri 
* Totals are of listed figures only. 


: 1964, 2,186; 1965, 2,028; 1966, 2,361; 1967, 8,057; and 1968, 8,583. 
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Lepanto completed plans for 150-tons- 
per-day mill which will be operational in 
1969. High grade ore reserves of 175,000 
tons averaging 3.5 ounces per ton in addi- 
tion to 325,000 tons averaging 1.25 ounces 
of gold per ton and 4.0 percent copper 
were reported. Gold producers continued 
to receive subsidy payments. 


South Africa, Republic of.—Production 
of gold from South African mines increased 
2 percent to an alltime peak of 31.1 million 
ounces in 1968. Except for a slight decline 
in 1967, annual output has increased con- 
tinuously since 1951. South Africa con- 
tributed about 78 percent of the total 
non-Communist gold production in 1968. 
The 48 gold-producing mines that were 
members of the Transvaal and Orange 
Free State Chamber of Mines milled 78.8 
million tons of ore with an average yield 
of 0.39 ounce per ton. Mines in the Far 
West Rand, Klerksdorp, Orange Free State, 
and Evander areas accounted for nearly 
85 percent of the total gold production. 
Working costs continued to rise. Despite 
increased production and the higher market 
price realized, working profits showed only 
a slight increase. A new plan of financial 
assistance to marginal gold mines was intro- 
duced by the South African Government. 
One mine closed during the year while 
two new mines, Elsburg and Kinross, com- 
pleted the first full year's operation; the 
Kloof mine began productive operations in 
January. Payable ore reserves declined 
about 8 million tons to 159.1 million tons 
averaging 0.46 ounce per ton. The average 
number of employees in the gold mining 
industry was 40,491 whites and 368,135 
nonwhites, a decline of 1,805 and an in- 
crease of 6,242, respectively. 

Anglo American Corporation of South 
Africa Ltd. reported that gold production 
by its group of mines increased 3.5 percent 
to a record 12.54 million ounces, slightly 
more than 40 percent of South African 
production and nearly 31 percent of world 
production, excluding Communist coun- 
tries. A total of 25.8 million tons of ore 
were milled, 2 percent more than in 1967. 
The seven Orange Free State mines of the 
group increased their production 2.4 per- 
cent to 8.2 million ounces, nearly 66 per- 
cent of the group output. The average 
recovery grade of these seven mines de- 
clined slightly to 0.55 ounce per ton owing 
mainly to the drop of 0.50 ounce in the 
grade at Western Holdings. Although the 
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total tonnage of Anglo American's Trans- 
vaal mines was marginally lower, gold pro- 
duction increased nearly 6 percent to 4.3 
million ounces. Costs per ton milled were 
lower at Western Reefs, but slightly higher 
at Western Deep Levels and Vaal Reefs. 
Western Deep increased the tons milled 
nearly 10 percent to 3.4 million and the 
yield per ton 0.04 ounce per ton to 0.55 
ounce per ton. Ore reserves dropped 
200,000 tons to 4.9 million tons but average 
grade increased to 593 inch-pennyweight 
(dwt), equivalent to 0.70 ounce per ton 
across a 42-inch stoping width. In addi- 
tion, the ore reserve averaged 18.15 inch- 
pounds of uranium oxide. 

Free State Geduld Mines Ltd. milled 
1.96 million tons yielding 1.0 ounce per 
ton, a slight gain in tonnage and grade 
compared with 1967 levels. Working costs 
per ton increased slightly. The quantity 
and grade of ore reserves dropped slightly 
to 4.9 million tons averaging 1,119 inch- 
dwt (1.33 ounces across 42 inches). 

Union Corp. Ltd. reported a substantial 
increase in the quantity of ore milled and 
production of gold at its group of mines 
in 1968. Output totaled 13.0 million tons 
milled yielding 4.1 million ounces com- 
pared with 11.7 million tons and 3.6 million 
ounces in 1967. Production decreased at 
East Geduld and Grootvlei mines where 
operations are being slowly curtailed, but 
increased at all other mines of the group. 
Ore reserves at yearend increased 400,000 
tons to 30.5 million tons averaging 0.37 
ounce per ton. At East Geduld, tons milled 
dropped 50,000 to 929,000, but average 
yield per ton increased slightly to 0.21 
ounce per ton; working costs remained 
virtually unchanged at $6.20 per ton. The 
ore reserve in the Main and Kimberley 
Reefs was 200,000 tons averaging 0.25 
ounce per ton across 64 inches, and 500,000 
tons averaging 0.23 ounce per ton across 
51 inches, respectively. Grootvlei Proprie- 
tary Mines milled 2.4 million tons yielding 
0.20 ounce per ton at a unit cost of $5.07, 
about the same yield and grade as in 1967. 
Yearend ore reserves on the Kimberley 
Reef increased 200,000 tons to 1.8 million 
tons averaging 0.22 ounce per ton across 
51 inches but reserves on the Main Reef 
declined 800,000 tons to 1.4 million tons 
averaging 0.21 ounce per ton across a 54- 
inch width. St. Helena Mines reported a 


12 Anglo American Corp. of South Africa Ltd. 


Annual Report. 1968, pp. 15, 17, 61, 63 
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Table 14.—World producers of aluminum—Continued 


(Thousand short tons) 
Annual 
Country, company, and plant location capacity, Participants 
end 1968 


FREE WORLD—Continued 


SOUTH AMERICA —Continved 
Surinam: Suriname Aluminum Co. (Suralco), Paranam- 
8 Aluminio del Caroni, S.A. (Alcasa), 
a 


Total South America.......................- 


BUROPB 
Austria: 
jd Aluminium G.m.b.H. (SAG), Lend, 


ven) rte Metallwerke Ranshofen-Berndorf, A. G. 
Ranshofen. 


Franee 


P Haute-Savoie JJ Sua E 
fa ade (Ravole) asco . . . . . . .  . . . . ... ....- 
F Argentero (Hautes-Alpes) ) 


FVſFFCCTCTFCVTVTTTTTVCVTCVTCuTFTFV—B—2B.: ue 
St. Jean de Maurienne (Savoie) 
"E e, d' Ao mea Ege et 

des Acieries Electriques Se (Ugine): 
Lannemezan (Hautes- GN)... ccce 
Venthon (Sa // ³˙¹iꝛAAAA A Qum nmasi 


eran) West 
Aluminium- Hütte Rheinfelden G. m. b. H., Rhein“ 
felden, Baden. 

Vereinigte Aluminium- Werke A. G. (VAW): 
Erftwerke, Grevenbroich 
Innwerke, Toging 
Lippewerke, Lounen... ... . . .... . . . ..- 
Rheinwerke.....................-.......- 


Tota 
Greece: Aluminium de Grëce S.A. (ADG), Distomon 


Italy: 
Alcan Alluminio Italiano S.p.A., Borgofranco 


"Ivrea 
Montecatini-Edison S. p. A.: ° i ; 
per sa ee 


Societe Aliuminis Veneto per Azioni S.p.A. 
(SAVA 


Total. 
Netherlands: Aluminium Delfzijl N.V.  (Aldel) 
Delfzijl. 


Norway: 
A/S pa og Sunndal Verk (ASV): 


See footnote at end of table. 


52 
12 


113 


13 


82 


95 


Alcoa. 
Reynolds Metals 50 percent; Government 
50 percent. 


Alusuissee. 


Government. 


Ugine-Kuhlman S.A. 


Alusuisse. _ 


Government. 


Péchiney 72 percent, Ugine 18 percent, 
Government 10 percent. 


Alcan. 


Government 11 percent. 
Italian interests 89 percent. 


Hoogovens 50 percent, Alusuisse 88 per- 
cent, Billiton 17 percent. 


Alcan 50 percent, Government 50 percent. 


Nu Hydro 51 percent, Harvey 49 per- 
cen Lé 
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Table 14.—World producers of aluminum— Continued 


(Thousand short tons) 
Annual 
Country, company, and plant location capacity, Participants 
end 1968 


FREE WORLD—Continued 


EUROPE—Continued 


Norway—Continued 
Det Norske Nitridaktieselskap (DNN): 


Mosjeen Aluminiumverk A/S (Mosal), Mosjsen. . 
Sør-Norge Aluminium A/S (Soral), Husnes. ..... 


Spain: 
Aluminio de Galicia, S.A. (Alugasa), La Coruña.. 


Ahiminio Espanol S.A. (Alumespa), Sabinanigo, 
uesca. 
Empresa Nacional del Aluminio, S.A. (Endasa): 


Sweden: 4755 as Aluminiumkompaniet (Sako), 
Sundsvall, Kubikenborg. 


Switzerland: 
Swiss Aluminium Ltd. (Alusuisse): 
Chip ß Ee 


United Kingdom: The British Aluminium Co., Ltd. 


Aluminium). 
Kinlochleven, Scotland 
Lochaber (Fort William), Scotland. ...........- 


Total; u v ocnocaiesmhusauDawsdad eaae te 
Yugoslavig: State-owned works: 
Kidričevo, Slovenia 
ET EE 
EELER get ee ce 
DOU DEE 
Total Europd;e 2.--.-- 
AFRICA 


Cameroon, Republic of: Compagnie Camerounaise de 
Aluminium Péchiney-Ugine (Alucam), Edea. 


Ghana: Volta Aluminium Corp. (Valco), Tema 
Total Africa__... . ²³· d -= 


ASIA 
India: 
Aluminium Corp. of India Ltd. (Alucoin), Asansol, 
West Bengal. 
Hindustan Aluminium Corp. Ltd. (Hindalco), 
Renukoot, Uttar Pradesh. 
Indian Aluminium Co., Ltd. (Indal): 
Alupuram, Ke rala. 
Hirakud, Orissa. .......................-.. 
Madras Aluminium Co. Ltd. (Malco), Mettur, 
Madras. 


See footnote at end of table. 


Alcan 50 percent, British Aluminium 50 
percent. 

Alcoa 50 percent, Elektrokemisk A/S 50 
percent. 

Alusuisse 67 percent, Norwegian interests 
83 percent. 


Péchiney 70 percent, Endasa 15 percent, 
Government 15 percent. 
Péchiney. 


Government 54 percent, Alcan 25 per- 
cent, Spanish interests 21 percent. 


Svenska Metallverken 79 percent, Alcan 
21 percent. 


Giulini Bros. 


Tube Investments Ltd. 49.5 percent, 
ynolds Metals Co. 48 percent. 


Péchiney 48 percent, Ugine 12 percent, 
Cobeal 10 percent, Comal &Cie, 30 
percent. 

Kaiser 90 percent, Reynolds 10 percent. 


Kaiser 27 percent, Birla and Indian 
interests 73 percent. 


Alcan 65 percent, Indian interests 85 per- 
cent. 

Montecatini 27 percent, Government 
owned (Madras State) 78 percent. 
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Table 14.—World producers of aluminum—Continued 


(Thousand short tons) 


Country, company, and plant location 


Annual 
capacity, 
end 1968 


Participants 


FREE WORLD—Continued 


ASIA—Continued 


pan: 
Mitsubishi Chemical Industries, Ltd.: Naoetsu . 
Nippon Light Metal Co., Ltd. (NK K): 


Omac FN OMM SPP E 


siung. 


/// ⅛ ˙ echoes EEN 
OCEANIA 
Australia: 
Alcoa of Australia Pty. Ltd., Point Henry....... 


Comalco Industries Pty. Ltd. (Comalco), Bell 
Bay, Tasmania. 


Alcan 50 percent, Japanese interests 50 
percent. 


Government owned. 


Alcoa 51 percent, Western Minin mah Corp. 5 
Ltd. 20 percent, Broken Hi 
Ltd. 17 percent, North probes All 
Ltd. 12 percent. 

Kaiser 50 percent, Conzine Rio Tinto of 
Australia Ltd. 50 percent. 


COMMUNIST COUNTRIES 


EUROPE 
Czechoslovakia: Ziar Aluminium Works, Ziar-on-Hron. 


Germany, East: Electrochemisches Kombinat: 
1 Er e ĩͤ dd uae am 


atabanya - ͥͤͤ ( 8 


Poland: 
Skawina Aluminium Works: Skawina . 
Konin Aluminium Works, Konin 


U. S. S. R.: 
Bogoslovsk (Krasnoturinsk),  Sverdlovskaya, 
Oblast, Ural. 
Bratsk, Irkutskaya Oblast, Siberia 
Irkutsk (Shelekhovo), Irkutskaya Oblast, Siberia. 
Kamensk-Ural’skiy, Sverdlovskaya Oblast, Ural.. 
Kanaker (Yerevan), Armenia.................. 
Kandalaksha, Murmanskaya Oblast 
Krasnoyarsk, Krasnoyarskiy Kray, Siberia 
Nadvoitsy, Karelskaya, A. S. S. R... 


See footnote at end of table. 


State-owned. 


State-owned. 


State-owned. 


State-owned. 


State-owned. 
State-owned. 
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Table 14.—World producers of aluminum—Continued 


(Thousand short tons) 


Country, company, and plant location 


Annual 
capacity, 
end 1968 


Participants 


COMMUNIST COUNTRIES—Continued 


EUROPE—Continued 
U.S.S.R—Continued 


Novokuznetsk (Stalinsk), Kemerovskaya Oblast, 

iberia 

Sumgait (Kirovabad), Ázerbaijan FC 

Volgograd (Stalingrad), Ne Sata a Oblast. 

Volkhov (Zvanka), Leningrad Oblas 

Zaporozhye (Dneprovsk), Gerd Oblast, 
aine. 


China: Nationalized Planta e sm asus aa mna sx 
Total communist coun tires 


ee ³ð v 


1 Increment by modernization at Quebec smelters (68,000 tons). 


1968. The Comalco Industries Pty. Ltd. 
(Comalco) plant at Bell Bay, Tasmania, 
was forced to reduce output. A new half 
potline at this location had been installed ` 
by August 1967 but was not fully operative 
until October 1968 when the plant began 
producing at installed capacity. 

Annual capacity at the Geelong (Point 
Henry) Victoria primary aluminum plant, 
owned by Alcoa of Australia Pty. Ltd., was 
being raised to 89,600 tons by 1970 and 
to 100,800 tons by 1971. Also, Alcan Aus- 
tralia Ltd. was building a new smelter at 
Kurri Kurri, 25 miles west of Newcastle 
in New South Wales. By 1969, capacity at 
this plant will be 30,000 tons, with a sub- 
sequent capacity of 50,000 tons. 


Bahrain.—Aluminium Bahrain, Ltd. 
(Alba), consisting of five partners including 
the Bahrain Government (27 ½z percent), 
British Metal Corp. (25 percent), Sweden’s 
Aktiebolaget Elektrokoppar (25 percent), 
Australia's Western Metals Corp. (12½ 
percent), and the British banker Guinness 
Mahon (10 percent), announced that a 
gas-fired, 63,000-ton-per-year primary alu- 
minum smelter would be operating by 1971 
on this island in the Persian Gulf. The 
Government agreed to grant a 20-year tax- 
free concession to the company. 


Canada.—Production of 985,000 tons 
represented nearly the full installed capac- 


ity of Aluminum Company of Canada, a 
subsidiary of Alcan Aluminium Ltd. 
(Alcan), and Canadian British Aluminium 
Co. Ltd. (CBA). Because of demand, some 
potlines were reactivated at the Alcan plant 
in Alma, Quebec, and that in Kitimat, 
British Columbia? Reynolds Metals Co. 
acquired British Aluminium Company’s in- 
terest in CBA. 


Czechoslovakia.—Péchiney agreed to con- 
struct a new aluminum complex with an 
initial capacity of 18,000 tons of aluminum 
per year at the Bridlicna works, North 
Moravia, to be ready in June 1971. 


Germany, West.—Construction plans for 
new aluminum smelters along the Rhine 
River in North Rhine-Westphalia and in 
Baden-Wuerttemberg were announced. In 
the Ruhr Basin, Kaiser Aluminum & Chem- 
ical (Europe) GmbH planned to build a 
65,000-ton-per-year plant by 1970 at 
Voerde in Dinslaken district. Also, Leicht- 
metallgesellschaft GmbH, Frankfurt, a new 
company equally shared by Metallgesell- 
schaft A.G. and its subsidiary Vereinigte 
Deutsche Metallwerke A.G. of Frankfurt 
(VDM), and by Aluminium-Hiitte Rhein- 
felden GmbH, Rheinfelden, and Aluminium- 
Walzwerke Singen GmbH, Signe/Hohent- 


® Jackson, W. H. Aluminum and Magnesium. 
Canadian Min. J., v. 90, No. 2, February 1969, 
pp. 116-118. 
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weil (both subsidiaries of Alusuisse) was 
founded to build a DM 250 million, 92,600 
ton primary aluminum smelter in northwest 
Essen by the end of 1970. 

The Government-owned Vereinigte Alu- 
minium-Werke A. G., (VAW), Bonn, 
planned to double the capacity of its 
Rhinewerke aluminum smelter near Neuss 
by 1970. 

Gebr. Giulini GmbH., planned to build 
a 22,000-ton-per-year primary aluminum 
smelter at Ludwigshafen on the Rhine next 
to its 100,000-ton-per-year alumina plant. 

The aluminum rolling mill, owned by 
Aluminium Norf GmbH (Alunorf), a joint 
partnership of Alcan Aluminiumwerke 
GmbH and VAW, went fully on stream. 
The hot mill, at Norf-Stuettgen, Rhineland, 
is the largest mill of its type in Europe with 
an initial capacity of 220,000 tons of reroll 
stock per year and is able to handle sheet 
ingot of over 17 tons each. Most of the sheet 
ingot was expected to come from Alcan’s 
Norwegian partner, A/S Ardal og Sunndal 
Verk. 


Greece.—Aluminium de Grece S.A. 
(ADG), a subsidiary of Compagnie 
Péchiney (Péchiney), said it will spend $14 
million on facilities expected to raise pro- 
duction by September 1969 at the Distomon 
aluminum smelting plant on Antykira Bay, 
Gulf of Corinth. 

Aristotle Onassis planned a $250 million 
alumina/aluminum plant to be placed in 
operation, probably near  Messolonghi. 
Initial aluminum output would be 60,000 
tons per year in 1975 and this would be 
doubled by 1978. 


Iceland. Icelandic Aluminum Co. Ltd., 
a subsidiary of Alusuisse, expected to com- 
plete a  36,000-ton-per-year aluminum 
smelter, the first in the country, at 
Straumsvik by 1972. 


India.—It was reported that plans were 
being made to raise the capacity of the 
Renukoot smelter of Hindustan Aluminium 
Corp. Ltd. (Hindalco) to 132,000 tons. 
Also Madras Aluminium Co. Ltd. (Malco) 
planned to double capacity of its Mettur 
plant by 1971. 


Italy.—A 110,000-ton-per-year aluminum 
reduction plant being built at Porto Vesme 
on the south coast of Sardinia by Alluminio 
Sarda (Alsar) will be the largest in Italy 
when fully completed in 1971. The deple- 
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tion of domestic high-grade bauxite reserves, 
increasing imports of this material, and the 
presence of large deposits of leucite con- 
taining 17 to 18 percent alumina north of 
Naples, reportedly led EFIM, an Italian 
State-controlled holding company, to open 
negotiations for possibly using the U.S.S.R. 
licensed process for extracting alumina from 
aluminous igneous rocks such as nepheline 
syenites. 


Japan.—Although this country is the 
world's fourth largest primary aluminum 
producer, there is a great dependence on 
imports. Near yearend the four primary 
producers were considering import of such 
material on a joint basis in order to exer- 
cise a greater control over import prices and 
quantities delivered. 

By 1971, Mitsubishi Chemical Industries, 
Ltd. planned to expand capacity at Naoetsu, 
Niigata Prefecture, to 163,000 tons and will 
build a new 33,000- to 44,000-ton smelter 
at Sakaide, Shikoku Island. The primary 
smelter at Tomakomai, Hokkaido, being 
built by Nippon Light Metal Co. Ltd. 
(NKK), 50 percent of which is owned by 
Alcan and 50 percent by Japanese public 
shareholders, will have a 145,000-ton capac- 
ity when completed in 1972. Also, Sumi- 
tomo Chemical Co., Ltd. was expanding its 
capacity at Isoura and planning to build 
a 62,000-ton plant at Yoyama by early 
1970. Showa Denko K.K. also raised pro- 
duction capacity at the Chiba and Omachi 
smelters. 


Netherlands.—N.V. Billiton Maatschappij 
and Koninklijke Nederlandsche Hoogovens 
en Staalfabrieken (Royal Netherlands Blast 
Furnaces and Steelworks) announced for- 
mation of a jointly owned company, effec- 
tive January 1, 1969, to coordinate and 
develop mutual aluminum interests such 
as their share in Aluminium Delfzijl N.V. 
(ALDEL), the only primary aluminum 
smelter in the country, the capacity of 
which was considerably enlarged in 1968. 


New  Zealand.—Comalco reached an 
agreement in July with the New Zealand 
Government in regard to a proposed $100.8 
million primary smelter at Bluff, South 
Island. Owners will be Comalco (50 per- 
cent) and the Japanese firms, Showa Denko 
K.K. and Sumitomo Chemical Co. Ltd. 
(25 percent each). When the first stage is 
completed in 1971, the plant will be able 
to produce 78,000 tons per year. Shortly 
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thereafter it will have a capacity of 118,000 
tons per year, which will be doubled 
eventually. 


Norway.—Hydroelectric power in this 
country, which has the highest per capita 
electricity consumption in the world, has 
been the mainstay of the country's alumi- 
num industry. In looking to the future, 
however, Norsk Hydroelektrisk Kvaelsto- 
faktieselskop (Norsk Hydro), one of the 
owners of Alnor A/S, was said to be 
cooperating with the National Electricity 
Board and the Institute for Nuclear Re- 
search on testing the feasibility of setting 
up a commercial atomic energy plant. 

A/S Ardal og Sunndal Verk (ASV), 
which completed an expansion in 1968, 
announced a further expansion of 365,000 
tons by 1971 by rebuilding the original 
potline, constructing a new anode plant, and 
expanding docking and storage facilities. 
Also, the company, with Det Norske 
Zinkkompani, will build a 20,000-ton-per- 
year aluminum fluoride plant near Odda by 
January 1970. This source of aluminum 
fluoride, which is an essential fluxing mate- 
rial in the electrolytic reduction of alumina, 
should supply all immediately foreseeable 
needs of Norwegian aluminum producers. 

Plans were announced for expanding the 
new Alnor A/S plant at Haavik on Karmoy 
Island, western Norway, to 132,300 tons 
per year capacity by 1970. It was expected 
that capacity would be increased by extend- 
ing the two current potlines, and eventually 
adding two more and constructing an alu- 
mina plant. Fabrication facilities at this site 
make the complex the first integrated alu- 
minum plant in Norway. 

Sufficient electric power to allow eventual 
production capacity of 110,000 tons at the 
Lista smelter owned by Elektrokemisk A/S 
(Elkem) was guaranteed by a royal decree 
signed in November 1968. 


South Africa, Republic of.—Construction 
began late in the year on the Aluminium 
South Africa (Alusaf Pty. Ltd.) aluminum 
reduction plant at Richards Bay. The com- 
pany is a venture of the Industrial Develop- 
ment Corp. of South Africa (IDC) and 
Alusuisse. Completion of the $67.4 million, 
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55,000-ton-per-year facility was scheduled 
for the middle of 1971. 


Spain.—Empresa Nacional del Aluminio 
S.A. (Endasa), the country’s largest pri- 
mary aluminum producer, will be merged 
with Alcan Aluminio Iberico, S.A. (Ali- 
berico), the leading aluminum fabricator, 
which is owned 60 percent by Alcan Alu- 
minium Ltd. (Alcan). The agreement, 
which gives Alcan 25 percent in the com- 
bined company, was reached between Alcan 
and the Instituto Nacional de Industria 
(INI), the Spanish Government’s industrial 
agency. 


United Kingdom.—The Government 
granted Anglesey Aluminium Ltd. (a con- 
sortium of Rio Tinto—Zinc (RTZ) and 
British Insulated Callenders Cables Ltd. 
(BICC), 60 percent, and Kaiser Aluminum 
& Chemical Corp., 40 percent) permission 
to build a 112,000-ton aluminum reduction 
plant on Holy Island, near Holyhead, 
Anglesey, Wales. Electrical power will come 
from the proposed Wylfa nuclear station 
which will be located 14 miles from the 
aluminum plant site. 

The British Aluminium Co. Ltd. (Baco 
Aluminium) received permission to con- 
struct a £37 million ($89 million), 112,000- 
ton aluminum smelter at Invergordon on 
the Moray Firth, Scotland. The plant, due 
to be in production in the first half of 1971, 
also will use nuclear power. 

Alcan Aluminium (UK) Ltd., a wholly 
owned subsidiary of Alcan, planned to 
build a $120 million, 67,000-ton capacity 
aluminum smelter and coal-fired power 
station complex at Lynemouth, North- 
umberland, England, which would be in 
production by 1971. 

Alcoa increased its interest in Imperial 
Aluminium Co. Ltd. (Impalco) from 50 to 
75 percent by buying half the shares held 
by Imperial Chemical Industries Ltd. 
(ICI). Elkem bought the rest of the shares 
in Impalco held by ICI. Impalco operates 
a rolling mill and semifabricator, the 
largest European secondary smelter, a foil 
rolling company, and a materials handling 
company. 
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TECHNOLOGY 


The relationship of carbon anodes and 
cathodes to the electrolytic preparation of 
aluminum was shown.” To keep impurities 
in the aluminum produced to a minimum, 
anodes having an extremely low ash con- 
tent are used. These anodes are made from 
calcined petroleum coke or pitch coke. 
Voltage distribution and the hampering of 
ampere efficiency by aluminum mist being 
reoxidized to alumina by carbon monoxide 
in the aluminum reduction cells were dis- 
cussed. 

Aluminum diecasting techniques, one 
using low pressure and the other a so-called 
hot chamber process, were described.“ The 
first method, using only 5 to 15 pounds 
per square inch gage (psig) to fill the die, 
is intended to help fill the gap between 
sand and pressure die castiing. It was said 
that low pressure die casting can be used 
for the majority of castings now produced 
by sand and permanent molding, but it has 
a slower cycle than pressure die casting. 
Hot chamber diecasting depends upon a 
new pump, with a cylinder and a plunger 
made from titanium diboride, which has 
high resistance to corrosive attack by the 
molten aluminum in which the pump is 
immersed. Castings up to 2.5 pounds were 
possible with this method and in the offing 
was a larger pump able to handle castings 
up to 4.5 pounds. 

It was said that 15 forging alloys cover 
most applications.” They have good resist- 
ance to corrosion, and high strength-to- 
weight ratios. Forgings are available in 
three types—blocker type, closed-die forg- 
ings, and impact extrusions. Uses made of 
these types and techniques involved were 
discussed. A new forming process, called 
pierce forging, possibly may reduce pro- 
duction costs on nonferrous metal parts by 
as much as 35 percent.” Until recently 
used primarily for forming brass parts, it 
was used to form a flexible aluminum cou- 
pling produced from forging alloy 6262. 
Shapes and sizes of the parts are limited 
but production costs are lower and tensile 
strength higher than when the parts 
are made on screw machines. 

Hypereutectic aluminum-silicon alloys, in 
which the silicon is present in an amount 
greater than that contained in the eutectic 
mixture of about 13 weight-percent silicon, 
are considered attractive for automotive 


applications, such as pistons and piston 
rings, cylinder and brake linings, and liner- 
free engine blocks, because of their low 
coefficient of thermal expansion and good 
wear resistance.“ After aluminum powders 
with 25, 35, and 45 percent silicon were 
extruded and hot pressed, physical testing 
indicated that wear resistance rose and the 
coefficient of expansion decreased when the 
silicon content was increased from 25 to 
45 percent. 

New techniques for applying aluminum 
coatings to materials which are competi- 
tive with aluminum continued to be in- 
vestigated. In building product applications, 
the steel industry believed that thin steel 
sheet hot-dip coated with aluminum would 
be an answer to competition from alumi- 
num sheet.“ Up to this time aluminum 
coatings had been applied by dipping, 
spraying, cladding, electroplating, vapor 
deposition, and as powders.” In a new 
method developed by Continental Oil Co. 
steel strip is heated and coated with alu- 
minum diethyl hydride (ADEH) which 
then decomposes to an aluminum coating. 
This coating was said to have high purity, 
good adherence, satisfactory density, duc- 
tility, and corrosion resistance. In aerospace 
applications, where static charges which 
build up on reinforced plastic parts have 
to be dissipated, thin coatings of aluminum 
are being applied by reverse bonding," a 
method which involves flame spraying a thin 
coating of aluminum on a mold and then 
bonding the metal coating to the slick 
plastic part." 

In melting aluminum scrap an oxy-fuel 
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burner, developed by the Airco Industrial 
Gases Division of Air Reduction Co., was 
expected to increase melt rates by about 
55 percent and cut metal loss by 26 per- 
cent. Alcan Aluminium Limited has in- 
stalled such a burner on a reverberatory 
furnace at its Oswego, N.Y., plant. With 


D. 
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the newly designed burner, oxygen con- 
sumption was lowered to a point where 
the technique becomes economically ad- 
vantageous.'? 


18 Metals Week. New Remelt System Boosts 


rii Cuts Loss. V. 39, No. 38, Aug. 12, 1968, 
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Antimony 


By L. E. Davis? 


The antimony market began in 1968 in 
a weak but seemingly stable condition, 
started firming late in the third quarter, 
and ended the year very tight. Domestic 
business was slow and ore prices remained 
unchanged until August, at which time 
only 60 and 65 percent ores were listed— 
and these at nominal quotations. By De- 
cember, domestic ore quotations had been 
dropped by Metals Week as being un- 
realistic. Significantly, the August change 
coincided with the beginning of quotations 
for 60 percent European lump ore. This 
market had advanced 80 cents per unit by 
yearend. 

Domestic mine production for 1968 was 
down, primary smelter production was 
only slightly higher than that for 1967, 
consumption was on the increase, and 
imports had virtually ceased due to an 
east coast dock strike. 

Effective January 1, 1968, the “General 
Modification of Tariff Schedules of the 
U.S.,“ Federal Register Document 67- 
14749, filed on December 18, 1967, re- 
duced the import duty on liquated anti- 


mony, TSUS No. 630.10, from 0.25 cent 
per pound to 0.20 cent, and on antimony 
metal, TSUS No. 632.02, from 2 cents 
per pound to 1.8 cents. Further reductions 
are scheduled—for liquated ore in 1970, 
and for metal each year through 1972. 


Legislation and Government Programs.— 
Sales of 240 tons of surplus antimony were 
made by General Services Administration 
in 1968, under authorization of Public 
Law 88-615 enacted in 1964. Of the total, 
155 tons was antimony metal, all grades; 
the remaining 85 tons was liquated ore. 
From the initial disposal authorization of 
5,000 tons, 2,383 tons remained for sale 
at yearend. Total government inventory 
was 49,197 tons at the close of 1968, 
23,697 tons of which was excess held be- 
cause of market impact. The stockpile also 
contained 10,336 tons of antimonial lead, 
including quantities that had been com- 
mitted but not shipped, for which there 
are no stockpile objectives. 


1 Physical scientist, Spokane Office of Mineral 
Resources. 


Table 1.—Salient antimony statistics 


(Short tons) 
1964 1965 1966 1967 1968 
United States: 
Production: 

ma 
))) ˖wiüw . 632 845 927 892 856 
Smelter JJ). 13, 358 12,889 14,539 12,466 12,489 
Secondary // „839 24,821 24,258 28 , 664 23 ,699 
Exports of ore, metal and alloys.............- 807 14 82 109 
Imports, general (antimony content) 16,718 14,879 19,712 17,419 17,848 
Consumption i: 839 16,919 19,681 17,850 18,520 
Price: New York, average cents per pound 42.22 45.75 45.75 45.75 45.75 
World: Production. ............................ 69,403 69,456 67,627 63,84 67,767 


1 Includes primary antimony content of antimonial lead produced at primary lead smelters. 
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DOMESTIC PRODUCTION 


MINE PRODUCTION 


Antimony production in 1968 virtually 
was limited to that produced as cathode 
metal in the electrolytic plant of Sunshine 
Mining Co., Coeur d’Alene district, Idaho. 
The source for the metal was silver ores 
from the Sunshine mine and adjacent 
properties. Overall output was 4 percent 
below that of 1967. The company dis- 
closed plans to build a new antimony plant 
in conjunction with a proposed silver re- 
finery at the mine site. The antimony plant 
would be built even if a feasibility study, 
being conducted by the Colorado School 
of Mines on the silver refinery, proves 
negative. Results of the study are expected 
in March 1969. 

Antimony concentrates containing about 
3 tons of metal were produced and stock- 
piled at the Stampede mine, Kantishna 
district, Alaska, but no shipments were 
made. Concentrates assaying 45 percent 
antimony, produced in previous years from 
ore of the Stibnite mine, Sanders County, 
Mont., were shipped to the Laredo smelter. 
The mine was idle throughout 1968. 

The first authenticated discovery of zin- 
kenite, a rare lead-antimony mineral, in 
Washington was made at the Wells Fargo 
mine, Stevens County. The sample tested 
was taken by a geologist of the Washing- 
ton State Division of Mines and Geology 
from an outcrop above the main adit. A 
spokesman for the mining company stated 
that the 500-foot adit had uncovered a 
high-grade ore vein on the last working 
day before winter closed the operation 
down. An assay of 25 percent lead, 23 
percent zinc, 21 percent antimony, 1 per- 
cent arsenic, and nearly 13 ounces of silver 
and 0.04 ounce of gold per ton was re- 
ported. A second vein containing 45.7 
percent antimony was said to have been 
cut at the 485-foot point in the adit. Plans 
were announced to drift and raise on these 
ore zones as soon as weather permitted in 


1969. 


SMELTER PRODUCTION 


Primary.— Production of antimony metal, 
oxide, and other products totaled only a 
few tons above the 1967 figure. Domestic 
sources supplied 18 percent of the total, 
chiefly as a coproduct from silver ores or 
as a byproduct of lead ores. Foreign anti- 


mony ores and concentrates or byproduct 
antimony from foreign lead ores yielded 
82 percent of the primary production. Most 
of the byproduct antimony recovered at 
primary lead refineries was consumed at 
the refineries in the manufacture of anti- 
monial lead. A relatively small quantity 
was processed to oxide. Primary smelter 
products were divided as follows: Oxide, 
52 percent; metal, 29 percent; antimonial 
lead, 15 percent; and sulfide and residues, 
4 percent. 

National Lead Co. at Laredo, Tex., and 
Sunshine Mining Co. in the Coeur d'Alene 
district, Idaho, produced antimony metal. 
M & T Chemicals, Inc.; Harshaw Chemi- 
cal Co.; and McGean Chemical Co. were 
the major producers of antimony oxide 
while a high percentage of ore for con- 
sumption as a sulfide was processed by 
Foote Mineral Co. and Hummel Chemical 
Co. American Smelting and Refining Com- 
pany was the leading producer of by- 
product antimony. 


Secondary.—Secondary antimony  re- 
covery, from lead scrap, was only slightly 
more than in 1967—less than 20 tons at 
primary lead smelters and less than 200 
tons at secondary lead plants. Manufac- 
turers and foundries recovered 669 tons of 
antimony in processing manufacturing 
scrap, about 170 tons below that in 1967. 
Old scrap sources contributed 89 percent of 
the total secondary antimony and consisted 
of the following: Batteries, 67 percent; 
type metal, 22 percent; babbit, 5 percent; 
and miscellaneous material, 6 percent. 
Drosses and residues were virtually the 
only sources for secondary antimony re- 
covered from new scrap, representing 11 
percent of the total. Nearly 3,440 tons of 
primary antimony was required to supple- 
ment the secondary metal available in 
order to meet commercial requirements; 
this was about 90 tons more than in 1967. 


Table 2.—Antimony mine production and 
shipments in the United States 


(Short tons) 
Antimony Antimony 
Year concentrate 

Quantity Produced Shipped 
1964. 3, 296 632 789 
196585 4,711 845 848 
196066. , 582 927 980 
1987 5, 402 892 828 
19688 5, 268 856 941 
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Table 3.—Primary antimony produced in the United States 


(Short tons, antimony content) 


Class of material produced 


Year Byproduct 
Metal Oxide Sulfide Residues ant monia Total 
ea 
NOOO AAA 4,418 6,748 58 447 1,692 13,358 
EE 4,216 6,485 94 205 1,389 12,389 
1ſt 8 4,567 7,794 126 219 1, 883 14, 589 
1 4,002 6,612 71 249 1,582 12,466 
1988:. 2... . ien ee 8,61 6,518 133 417 1,804 12,489 
Table 4.—Secondary antimony produced in the United States, 
by kind of scrap and form of recovery 
(Short tons, antimony content) 
Kind of scrap 1967 1968 Form of recovery 1967 1968 
New scrap: In antimonial lead. 16,783 17,865 
Lead- base 2,516 2,586 In other lead allo ys 6,865 6,3 
Tin-base...............- 9 86 In tin-base alloys........... 16 25 
Otel oho cease 2,607 2,672 rc cu 28 , 664 28 ,699 
Value (millions) $21. $21.7 
Old scrap: 
Lead- base 21,031 20, 998 
Tin- base 2 29 
Total... uu. u... 21,057 21,027 
Grand total. 23,664 28,699 


1 Includes 185 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 


1967 and 208 tons in 1968. 


Table 5.—Byproduct antimonial lead produced at primary lead refineries 
in the United States 


(Short tons) 
Antimony content 
Year Gross From From From Total 
weight domestic foreign scrap | —əƏ ⁊ꝛyqæ⁊ — h 
ores 1 ores 2 Quantity Percent 
lr, WE 24,023 997 695 803 1,995 8.8 
J)) J a E 27, 895 998 391 595 1.984 7.1 
1908.55 d 8 24, 059 1.417 416 286 2,119 8.8 
1 ĩð A ³ ⁵⁵⁰ 8 8,6 9 549 185 1,717 9.2 
1968 öÄöÜ ⁰mœ ß E 28,363 1,300 504 203 2,007 7.1 


1 Includes primary residues and a small quantity of antimony ore. 
3 Includes foreign base bullion and small quantities of foreign antimony ore. 


CONSUMPTION AND USES 


Industrial requirements for antimony 
were derived from both primary and 
secondary sources. Total consumption rose 
to 42,220 tons in 1968 from 41,010 in 
1967. Primary antimony represented nearly 


44 percent of the total (18,520 tons), and 
secondary metal was 56 percent (23,700 
tons). Virtually all secondary antimony 
was consumed in the manufacture of anti- 
monial lead and other hard-lead alloys. 
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The Bureau of Mines collects statistics on 
industrial consumption, by use, for primary 
antimony only, and tables 6 and 7 are 
limited to that information. 

Primary antimony consumption was 
nearly 7 percent above the comparable 
1967 figure but well below the record high 
attained in 1966. Antimony requirements 
for metal products rose above 9,000 tons 
to the highest level since 1953. Most 
notable was the quantity used in antimonial 
lead; this was a higher tonnage than in 
any year since 1953, despite the increase 
in secondary antimony and the continued 
reduction in antimony content of battery 
plates. Increased consumption also was 
reported for all other metal products ex- 
cept ammunition, castings and sheet and 
pipes. | 

The quantity of antimony used in non- 
metal products dropped for the second 
consecutive year, although increases were 
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recorded for use in plastics, ceramics and 
glass, and pigments. Of the nearly 980 
tons listed under “other” nonmetal prod- 
ucts, more than 50 percent was Leukonin 
(sodium meta antimonate) used as an 
opacifier in formulating enamel frits. An 
additional 14 percent of this total was 
consumed as antimony trichloride, which 
has a wide variety of applications. 

Consumption data for 1968 appears to 
be a deviation fróm the normal trend; 
however, present military needs tend to 
obscure usual patterns. À lower antimony 
content in many metal products is offset 
by a greater demand for the products; for 
nonmetal products, the use of substitute 
materials appears to have leveled the 
gradual rise in antimony consumption. The 
trend should become more evident with a 
persistent tight market and a further 
advance in prices. 


Table 6.—Industrial consumption of primary antimony in the United States 
(Short tons, antimony content) 


Class of material consumed 
Byproduct 
Oxide Sulfide Residues entimonial Total 
ea 
7,825 73 447 1,692 15,889 
7,847 81 206 1,889 16,919 
10,829 81 219 1,883 19,681 
9,514 77 249 1,582 17,350 
9,363 15 418 1,804 18 , 520 


Table 7.—Industrial consumption of primary antimony in the United States, 
by class of material produced 
(Short tons, antimony content) 


Year Ore and 
concen- Metal 
trate 
196444444444 252 6,050 
LI EECH 404 6,992 
1963s. 8 450 6,269 
1907 EEGEN 812 5,666 
1968888. 8 299 6, 561 
Product 
METAL PRCDUCTS 

Ammunition 222. ⁵¼¼•dòũ]ö;w 


))); sess 
ible tubes and foll aaae 


NONMETAL PRODUCTS 
Ammunicion primer 
FIFOWOIKN. jĩÜĩ ⅛˙» ð eos eid uu 


. chemicals and compounds 


Ceramics and glas 


P - MUCRONE CON ete SD ss u 
Rubber products 
Other 


1964 1965 1966 1967 1968 
15 8 1 209 156 
5,952 6,382 6,285 5,539 6,817 
804 821 781 658 75⁵ 
49 68 164 141 178 

50 76 62 54 46 

53 49 44 81 50 

99 104 107 118 105 
149 244 155 184 255 
518 642 515 882 428 
167 214 219 228 258 
7,851 8,636 8,436 7,584 9,048 

KH 
17 16 27 80 83 
47 50 8 
1,626 1,971 8,188 8,454 2,114 
1,649 1,853 2,074 , 2,087 
W J7777;³˙· wee eege 
1,178 855 832 66 

1,289 1,469 2,224 1,785 2,918 
492 477 870 9 440 
1,695 1,596 1,980 1,007 979 
7,988 8,283 11,245 9,816 9,471 
15,889 16,919 19,681 17,850 18,520 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
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STOCKS 


Industrial stocks of antimony, as re- 
ported to the Bureau of Mines, dropped 
to the lowest level since 1962. While ore 
and concentrate stocks were the highest 
since 1959, metal stocks declined to a 
10-year low and antimonial lead stocks 
to an 8-year low. Oxide was in short 
supply at yearend and stocks were lower 
than in any period since 1963. In the 


latter part of the year, a very high de- 
mand for antimonial lead for use in the 
manufacture of automotive batteries was 
a major factor in reducing industrial stocks 
nearly 21 percent compared with 1967. 
To a lesser extent, the east coast dock 
strike that virtually halted impcrts con- 
tributed to the overall decline in metal and 
oxide stocks. 


Table 8.—Industry stocks of primary antimony in the United States, December 31 


(Short tons, antimony content) 


Antimonial lead 


Residues and slags EE MEE NN 


1964 1965 1966 1967 1968 
-.. 1,647 2,735 2,720 2,469 2,791 
--- 1,483 1,585 1,572 1,719 1,323 
--- 2,895 2,705 3,093 2,104 1,921 
z 81 98 131 80 127 
TS 935 1,088 519 916 199 
RN 809 411 531 462 265 
--- 7,800 8,622 8,566 8,350 6,626 


1 Inventories from primary sources at primary lead smelters only. 


PRICES 


Domestic ore prices were quoted in the 
range $5.00 to $5.95 per short ton unit at 
the beginning of the year, depending on 
quality, and remained unchanged until 
August. Át that time only 60 and 65 per- 
cent ores were listed and at nominal 
quotations. In December domestic ore 
quotations were dropped by Metals Week 
as being unrealistic. At yearend Engineer- 
ing and Mining Journal listed 60 percent 
domestic ores at $5.80 per short ton unit 
and 65 percent at $5.90. 


The August change in listings for domes- 
tic ores coincided with the beginning of 
quotations for 60 percent European lump 
ores. This market began at $6.20 to $6.30 
per long ton unit and had advanced to 
$7 to $7.10 by December 30. The latter 
quotation is the equivalent of $6.25 to 
$6.34 per short-ton unit. The domestic 
quotation for 99.5 percent antimony metal, 
in bulk at New York, remained unchanged 
at 45.75 cents per pound. Imported metal 


of equal grade, duty paid at New York in 
5-ton lots, began the year at 41.5 to 42.0 
cents per pound and rose to 43.5 to 44.0 
cents. Oxide was quoted at 47.5 cents 
per pound in carload lots throughout the 
year. 


Table 9.—Antimony price ranges in 1968 


Price 
Type of antimony: 
Domestic metal per pound. $0.44 
Foreign metal do.... 40—. 44 
Antimony trioxide do 475 


Antimony ore,“ 50-55 percent 
per short-ton unit. 5. 00-5. 40 
Antimony ore, minimum 60 


percent 2252. 22sec do.... 5 5.80—5.85 
Bnumony ore, minimum 65 
Pereent do.... 5 5.90-5.95 


1 RMM brand, f. o. b., Laredo, Tex. 

2 Duty - pala delivery, New York. 

3 Quoted in Metals Week. 

* Quotations discontinued August 1968. 

5 Quotations discontinued December 1968. 


FOREIGN TRADE 


Antimony exports—metal, alloys, waste, 
and scrap—totaled 109 tons, appreciably 
above the 82 tons exported in 1967. How- 
ever, value of the exports dropped $20,000 


to less than $55,000. Consignments were 
made to 20 countries. Ethiopia was the 
leading importer with 56 tons, followed by 
Canada at 18 tons. The quantity and value 
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of antimony oxide exports declined notice- 
ably to 119 tons and $101,300. Canada re- 
ceived 61 tons and Japan 28 tons. The 
balance was divided among nine other 
countries. 

General imports (17,343 tons, antimony 
content) in all forms were only 76 tons 
below the 1967 figure. All but 11 tons of 
metal was entered for consumption. In all 
categories except oxide, imports were 
higher. Less ore and concentrates were 
received, tonnagewise, but the metal con- 
tent was greater. The Republic of South 
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Africa, Mexico, and Bolivia supplied a 
high percentage of ore imports (97 per- 
cent based on metal content). Yugoslavia 
and Belgium-Luxembourg were the princi- 
pal sources for metal imports (66 percent). 
The United Kingdom and Belgium-Luxem- 
bourg were the major suppliers of oxide 
(74 percent). 

Additional imports included 714 tons of 
alloy containing 83 percent or more anti- 
mony by weight, nearly half of which 
came from Peru; 107 tons of tartar emetic 


Table 10.—U.S. imports? of antimony, by countries 


Antimony ore 


Antimony metal? Antimony oxide 


Short Antimony content Short 
Year and country tons §—:.!ͥ᷑ũ⁊aũ»'vw — tons Value Short Value 
(gross Short Value (gross (thou- tons (thou- 
weight) tons (thou- weight) sands) gross sands) 
sands) weight) 
1908... L Tu Ls 26,229 12,460 $4,754 2,805 $2,052 5,383 33,998 
= 

1967: 
Belgium-Luxembourg........ ....... .......  ....-.- 807 585 1,928 1,461 
ie mn Su i et 8,946 2,439 1,155 5 P godess 
Canada... Eeer, . Ref (3) J asss, Silken 
Chllé.— 2-0 densas 831 507 7)” sete: KV ctl 
177 2522 Ee peas: ⁵ðV)J Lu dui dr IIo 699 514 
Germany, West. ------- 2222222 2222-22 11 9 170 124 
Eder ie 10,369 8,018 570 204 11 8 
Morocce oo 334 164 //ͥ! E 
Mozambique 112 69 9 ⅛ ³AA·· AAA .sdencat 
iii. ⁵ dd é zelo sone. 39 30 
e See oe ee 198 181 52 58 JJC 
South Africa, Republic of 6,751 4,117 /, ³⁰˙à⁊x 
n ect o: m 106 72 15 94 4ͤö;àwõk Spa 
IU!!! 8 11 Td loca united 
United Kingdom............ ....... .......  ......- 283 200 2,262 1,633 
Fußes ⁵ð¾ x 1,208 BON. uilla wees 
ff AAA 22,647 10,517 4,090 2,681 1,866 5,098 3,762 

1968: 
Algeria 43 15 )) ⁰⁰y A AUI DIA 
Be gium- Luxembourg )))) ⁵¼¼ : ` Geess 598 476 1,336 1,033 
Feldwee, cnm ewes 3,979 2,521 1,139 33 lo OR 
%0%0ͤ mdr w md ß eA (3) 1G) 2s. 2:2 
Chiles cesses hese ati uuu 77 51 26 12 4 9 5 
FrTaD06 2 21:52-25:00 dide dëi 8 50 30 869 655 
Germany, wett «edema. (Beca (3) 2 183 135 
Honduras 250 98 5M wees ee ee 
nee ee NLIS. ß ‘heehee 11 FFF 
NEES eebe d ci. siqui. rds cuc 119 82 
Méxl60.-— h k Su suu eum 8,664 2,606 459 255 /. 9 zs 
Morocco. .............-.-.- 198 T JJ. PON E 
N;. ³ð ð y ines 58 45 
Sa EEN 77 52 21 133 BT. 222622 88 
South Africa, Republic of 8,389 5,196 GAAS xl gier Së . 
Fi ³ðA AAA 155 7 viaua 
United. Kindodd,ddd ` Seege, ------- 288 224 2,227 1,585 
ae. A ve, 8 1.229 r » 
ff! 21,677 10,614 4,145 2, 764 2,087 4, 801 3, 540 


1 Data are general imports: that is, they include antimony imported for immediate consumption plus 


material entering bonded warehouses. 


2 Includes data for needle or liquated antimony for the following countries (value in thousands); 1967, 
United Kingdom, 5 tons ($4); 1968, 15 tons ($10); 1967, Belgium-Luxembourg, 24 tons ($14); 1968, 45 tons 
($32). Does not include alloy containing 83 percent or more of antimony. 


5 Less than Le unit. 
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(potassium antimony tartarate) from Italy 
and Japan; 35 tons of other antimony 
alloys, received principally from France; 
21 tons of other antimony compounds, 82 
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percent of which was supplied by the 
United Kingdom; and 10 tons of antimony 
sulfide from Peru. Total value of these 
materials was $732,700. 


Table 11.—U.S. imports for consumption of antimony 


Antimony ore Needle or Antimony Antimony 
liquated metal ! oxide 
Antimony content 

Year Shor hort Value Short Value Short Value 

tons Short Value tons (thou- tons (thou- tons (thou- 

(gross tons (thou- (gross sands) (gross sands) (gross sands) 

weight) (gross sands) weight weight weight) 
weight) 

EE 26,229 12,460 $4,754 63 $42 2,767 32,031 5,383 $3,998 
1961.2... 8 22,647 10,517 4,090 29 18 2,654 1,849 5,098 3,762 
1888... 88 21,677 10,614 4,145 60 42 2,693 2,087 4,801 3,540 


1 Does not include alloy containing 83 percent or more of antimony; 1966: Peru 101 short tons ($59,417), 
United Kingdom 158 short tons ($89,145); 1967: Mexico 50 short tons ($39,139), Peru 122 short tons ($70,553), 
United Kingdom 140 short tons ($79,636) Belgium-Luxembourg 11 short tons ($7,882), Czechoslovakia 33 
short tons ($18,383); 1968: Mexico 193 short tons ($157,102), Peru 351 short tons ($230,845), United Kingdom 
87 short tons ($55,894), France 24 short tons ($14,528), Japan 59 short tons ($35,345). 


WORLD REVIEW 


The world supply-demand situation for 
antimony began 1968 in a delicately bal- 
anced position and the market was weak. 
Before the year ended, demand was at a 
high level and the market became very 
tight. Marked price increases were re- 
ported in South American and European 
markets; yet, among major producing 
countries, only the Republic of South 
Africa reported a production increase. 
Chinese offerings were sparse. Sales at the 
Canton Trade Fairs were small; virtually 
all was purchased by Japanese industry. 
Antimony refiners in Japan covered their 
1968 needs through contracts with Bolivia, 
Republic of South Africa, and mainland 
China. No attempt was made to hold off 
spot purchases of antimony ore because of 
high prices. The Japanese firm Hibino- 
Metal Industry Co. stated it had purchased 
3,000 tons of ore from mainland China to 
cover its antimony needs during the first 


half of 1969, and hoped to buy another 
3,000 tons at the April 1969 Canton Trade 
Fair. Total 1968 imports by the company 
included 1,300 tons of Chinese ore bought 
at the autumn Canton Trade Fair. Hibino 
planned to double its 1969 production, 
employing a new process enabling the use 
of low-grade ores with 30 to 40 percent 
antimony content. 

A full year's capacity operation by Con- 
solidated Murchison Goldfields and De- 
velopment Co., Ltd., Republic of South 
Africa, resulted in a marked rise in pro- 
duction of antimony concentrates and 
cobbed ore. Bolivian and Mexican outputs 
were below 1967 despite high demand and 
rising prices. A planned change in the 
antimony extraction process in Peru was 
not culminated and, although higher than 
in 1967, production was not up to the 
1964 level. 


TECHNOLOGY 


The results of recent research at Gould— 
National Batteries, Inc., Minneapolis, 
Minn., were published.? The work shows a 
correlation between microstructure, hard- 
ness, castability, corrosion behavior, and 
resistivity in a linear as well as logical 
manner. If battery performance, such as 
life expectancy, is emphasized, 0 to 5 per- 


cent arsenic in antimony-lead is recom- 
mended. The findings are more or less 
borne out by information received from 
Sunshine Mining Co. Some company cus- 


tomers alloy the unrefined cathode anti- 


2Mao, F. W., and J. G. Larson. Effect of 
Arsenic Additions on Characteristics of Anti- 
mony-Lead Battery Alloy. Metallurgia, v. 78, 
December 1968, 236-245. 
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Table 12.—World préduction of antimony (content of ore except as indicated) by countries 
(Short tons) 


Country 1964 1965 1966 1967 1968 » 
North America: f 
]ũ ½T1ʃ2 796 651 703 684 562 
ET E TEE 15 83 17 
iso Dii ) ñ ß EEN 
Ml ee A ⁰ EUR r 5,279 4,917 4,868 4,121 8,819 
United States 632 845 927 892 856 
South America: 
Bolivia EEN r 10,648 710,615 *11,760 12,432 12,188 
Peru (recoverable)?.....................-.. 752 713 741 rq 739 
unope: 
ustria (recoverable) ....................- 585 484 250 212 178 
Czechoslovakia e... r 1,300 r 1,300 r 1,300 1,200 1,200 
(NEEN 119 183 808 181 NA 
TAY oe See oe PY 304 293 292 405 865 
Portugal... 2-22 02524 .212525252 18 12 4 25 * 44 
Spal oo he ð ß cesses 60 95 100 185 147 
US E EE 6,700 6,800 6,900 7,000 7,000 
Xd Yugoslavia (metalßß jj) 8,008 8,051 2,916 2,533 1,985 
ca: 
Alger. pee i code, | beets 71 z 103 129 e 123 
Morocco- Zieser oh He Ded deae 1,720 2,425 1,480 1,758 1,886 
Rhodesia, Southern e 200 NA N NA 
South Africa, Republic of.................- 14,200 13,901 12,534 18 , 666 18,511 
ia: 
Burma €* 4... ß eee eee eas r110 r 110 r 110 99 
China, mainland e gg 16,500 16,500 16,500 18,200 18,200 
P ise ³·˙wrn eet Ol 888 r 17 r 63 r 26 19 21 
Korea, South... oe oes accede, lode 88 64 73 84 
ü ³ð 90 67 NA NA NA 
Sarawak.... o ³ðAA ooo. ccu eg 86 61 65 8 e 22 
Thalland 9 z te h eee 1,399 1,246 1,177 1,181 208 
!ĩ]˙¹i1¹äAq ͥ 00 3,631 3, 896 8,896 2,244 8,446 
Oceania: Australlaa aaa 1.250 1.057 1,088 1,009 981 
Total s unpas K MU Rome Pe r 69,403 769,456 * 67,627 63,849 67,767 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Antimony content of smelter products. 


3 Includes antimony content of smelter products derived from mixed ores. 


Includes ore and concentrates. 
4 Includes antimony in lead concentrates. 
5 Total is of listed figures only. 


mony metal, which contains a very small 
percentage of arsenic, with lead to produce 
a good-quality battery plate. 

Gray iron alloyed with antimony is use- 
ful as a very inexpensive bearing material, 
according to the Odessa Institute of Tech- 
nology, Odessa, U.S. S. R. The composition 
is 3.0 to 3.5 percent carbon, 1.4 to 2.2 
percent silicon, 0.6 to 0.8 percent man- 
ganese, 0.3 to 0.65 percent antimony, and 
less than 0.3 percent phosphorus and 0.12 
percent sulfur, with the antimony added 
to the ladle. Addition of the antimony re- 
portedly give the iron outstanding friction 
characteristics and a slight increase in 
hardness that does not affect machinability. 
Cast iron alloyed with antimony has a 
very fine grain, with a microstructure 
characterized by fine lamellar perlite and 


uniformly distributed “nests” of graphite. 
Owing to the presence of graphite and 
antimony, the iron is “greasy” and does 
not seize, even when lubrication is in- 
efficient. Field trial reports have shown 
service life of the iron bearings to be twice 
or three times as long as that of bronze 
bearings. 

An item in the 1968 Annual Report of 
the American Smelting and Refining Com- 
pany states that a high-purity metals facil- 
ity, under construction at its Globe plant, 
Denver, Colo., will be completed in 1969. 
The plant will produce high-purity ele- 
ments used primarily for metallurgical re- 
search. Antimony was one of the elements 
listed. 


3 Foundary. October 1968, p. 28. 
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Asbestos 


By Paul W. Icke? 


The demand for asbestos increased in 
1968 primarily as a result of a rise in con- 
struction activity and automobile produc- 
tion. Despite the increased demand in these 
two important sectors, U.S. production 
(shipments) of asbestos declined 2 percent. 
However, a 14-percent increase in imports 
covered rising U.S. requirements. Canada, 
the largest producer, increased output 


(sales) by 10 percent over that of 1967. 


Legislation and Government Programs. 
The General Services Administration 
(GSA) in 1968 disposed of 1,250 short 


tons of amosite, 189 tons of crocidolite, 


and 1,242 tons of domestic chrysotile from 
government inventories. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient asbestos statistics 


1964 1965 1966 1967 1968 
United States: 
Production (sales) short tons 101,092 118,275 125,928 128,189 120,690 
Valuneseseses an thousands $8,143 $10,162 $11,056 $11,102 $10,406 
Exports and reexports (unmanufactured) | 
short tons 27,147 48,126 46,996 47,718 41, 236 
Ill ce ee eke thousands $3,199 $5,294 $5,763 $6,025 $4,679 
Exports and reexports of asbestos products 
(value) ...................- thousands 416,288 $19,139 $21,963 $23,767 $24,527 
Imports for consumption (unmanufactured) 
short tons 739,361 719,559 726,459 645,112 787,909 
rr. et thousands. . 372,973 370,457 $78,100 $65,748 $72,930 
Consumption, apparent 1...... short tons 813,306 794,708 805,891 720,588 817,868 
World: Production.................... do.... 3,050,900 3,101,994 3,275,262 3,094,784 NA 
NA Not available. 


1 Measured by quantity produced, plus imports, minus exports. 


Table 2.—Stockpile objective and Government inventories as of December 31, 1968 


(Short tons) 


Mineral 


Subspecificatioõ nn 
Sroeidodi le ee 


Inventories 
Stockpile Supple- Defense 
objective National mental Production Total 
ct 

40,000 11,705 58,600 65,811 
13,700 6,080 4,888 .......- „4 
OPER E 152 8,193 1,636 4,881 
5 1, 565 ,007 ` --- ,072 
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DOMESTIC PRODUCTION 


Asbestos production in the United States 
in 1968 declined 2 percent in volume and 
6 percent in value. Production in California 
decreased from 77,091 tons in 1967 to 
75,592 tons in 1968, and the value dropped 
by $587,000. Output in Arizona increased 


lina, the smallest producer, continued its 
downward trend with a decrease of 20 
percent from the previous year’s production. 

Practically all U.S. production was short 
fiber, which supplied approximately 14 
percent of domestic requirements. U.S. 


34 percent, while production in Vermont producers are listed in the following 
decreased almost 5 percent. North Caro- tabulation: 
State and company County Name of mine Type of asbestos 

Arizona: 

Asbestos Manufacturing Co— Gila.......... Phillips Chrysotile 

Jaquays Mining Cord „ satus C otile....... Do. 

Metate Asbestos Cor i Lucky Seven - Do 
California: 

Atlas Minerals Cord Fresno........ Santa Cruz Do. 

Coalinga Asbestos Co. ...................- et Os en Coalinga........ Do. 

Pacific Asbestos Corp III. Calaveras Pacific Asbestos Do. 

Union Carbide Cord: San Benito Joe No. 5........ o. 
North Carolina: 
v OM DACH Mining Cc o Yancey....... Burnsville....... Anthophyllite. 

ermont: 
General Aniline & Film Corp. (The Ruberoid Orleans Lowell! Chrysotile. 


Division). 


1 Acquired by H. K. Porter Co. Inc. during 1968. 


The U.S. Geological Survey discovered 
a chrysotile asbestos deposit in the Yukon- 
Tanana Upland near Eagle, Alaska. It is 


located some 55 miles northwest of the 
Cassair Clinton mine in Yukon Territory, 
Canada.“ 


CONSUMPTION AND USES 


The commercial utility of asbestos was 
originally based on the heat resistance 
characteristics of the fibrous mineral for 
use in packings. Its current utility is based 
more on its ability as a reinforcing binder 
in such products as portland cement, 
rubber, and plastics. The asbestos cement 
industry was the largest consumer, re- 
quiring an estimated 50 percent of the 
world's asbestos production. The second 
largest use was in the floor tile industry, 
with an estimated U.S. consumption of 


200,000 tons. Other important uses were 
in the manufacture of brake linings, mill- 
board products, gaskets, clutch facings, 
electrical and heat insulations, and textiles. 
Chrysotile asbestos accounted for 96 per- 
cent of the total amount consumed in the 
United States in 1968, crocidolite accounted 
for slightly less than 2 percent, and amosite 
accounted for slightly over 2 percent. 


2 Foster, H. L. Asbestos Occurrence in the 
Eagle C—4 Quadrangle, Alaska. U.S. Geol. Survey 
Cire. 611, 1969, 7 pp. 
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Figure 1. United States production (sales) and imports of asbestos. 
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Figure 2. Domestic supply and consumption of asbestos. 


PRICES * 


Prices for Vermont, Arizona, and Quebec 
asbestos increased in mid-1968 from 2 to 5 
percent on the high-volume grades. No 
increase was posted, however, for British 


Quotations for Canadian (Quebec) 


Grade Description 
Group No. 1..... — K dia rane 
Group No. 2..... Miu ` AA A 
Group No. 3..... vz, ——S PER 
Group No. 4 eee E E E S 
Group No. 5..... Paper . A 
Group No. 6 C 
Group No. 7 Refuse or Short 


Columbia asbestos. Prices for California 
chrysotile and North Carolina anthophyl- 


lite were not published. 


3 Asbestos. V. 50, No. 5, November 1968, p. 50. 
chrysolite f.o.b. mine, were as follows: 


Per short ton 
Mar. 31, 1968 Apr. 1, 1968 


WEE Ee Can$1,410 Can$1,410 
— im RUM haa Se 760 760 
. 360—588 367-600 
— Ó——— 198-335 201-341 
„ pM m a SE D ME 140-165 143-169 
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——— tc in 47— 85 45- 87 
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Prices for British Columbia, Canada, as follows, as of January 1, 1968: 
chrysolite asbestos, f.o.b. Vancouver, were 


Grade Description Per short ton 
wes RN um Nonferrous spinning fliberrrrrrrr ll LLL l2 lll lll. Can$810 
FC NE DEE 
777 LZ: NAE d DTE 484 
CCC oe E Asbcetos cement Ober oc sco u oe te ¶⁰dydy em iude ese 845 
AK Singe ³ð-Ä„ſſ :öß 8 241 
GP ͥͤĩ] ũ VdV ĩ 8 220 
C TUNE C RM E e o ã ]ðVAſdͥͥdỹ! . y OTR Rote EE OR 200 
C EORUM b; d x 8 195 
AN. a ))). ͤ0TòꝓJdJJàà%/J%àJà½ydddad/ãd 8 177 
GG os J!! dd ĩðù Nad lt 126 
AY... A jjb! ́ i?td C ⁰⁰SdAd 126 


Prices for Arizona chrysotile asbestos price increase since July 10, 1964. Quota- 
were increased on August 1, 1968, the first tions, f.o.b. Globe, were listed as follows: 


Per short ton 
Grade Description — 
July 31, 1968 Aug. 1, 1968 
Group No. 1. F/’ ]ꝛ ho d . lc Susu 31410-1650 31410-1650 
Group No. 2 35 V EE 610— 900 700- 950 
JT uͤũ — essct eee eee ee 800 800 
Group No. 3. Nonferrous filtering and spinning..................... 425— 750 425- 700 
Group No. 4. Nonferrous plastic and filtering 385— 500 400— 500 
Group No. 5. Plastic and Dltering --------------- -MMMM 250— 400 385— 425 
Group No. 6..... Refuse or shortssssss ---------2 aaan MMMM 250 
Group No. 7..... E, Le EE 58— 90 65- 90 


Prices for Vermont chrysotile asbestos, f.o.b. Morrisville, were as follows: 


Per short ton 
Grade Description — 
July 31, 1968 Aug. 1, 1968 
Group No. 3..... spinning and fte MMMM $319—342 $319—342 
Group No. 4 > ingle EE 183-296 186-296 
Group No. 5..... xls ME" ——————Á— € 129-158 132-156 
Group No. 6..... Waste, stucco or plaster fiber 98 96 
Group No. 7..... Shorts and float 40.50- 75 44.50- 80 
Group No. 8..... Sr ³ð q ³ð 8 26. 50 


Market quotations were unavailable for 


; I Per short t 
African and Australian asbestos because Imports EE 
sales were negotiated privately. The follow- 1967 1968 
ing values were calculated from U.S. 

Department of Commerce import data: Amosite: South Africa, Republic of- $152 ^ $149 
Chrysotile: 
Rhodesia, Southern 160 184 
South Africa, Republic of 187 194 
Crocidolite: South Africa, Re- 


public Of . . ... ... eer 191 198 
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FOREIGN TRADE 


U.S. exports of manufactured asbestos 
products in 1968 increased 3 percent over 
those in 1967. Canada, West Germany, 
and Venezuela accounted for 36, 9, and 4 
percent, respectively. Of reexports, Canada 
and the United Kingdom received 74 and 
26 percent, respectively. 

In 1968 total imports for consumption 
of asbestos were 14 percent greater than 
those in 1967. Imports of amosite from the 
Republic of South Africa increased 63 
percent, while crocidolite from the same 
source decreased 6 percent. Low-iron, spin- 


ning-length, chrysotile imports from British 
Columbia decreased to 6,086 tons from 
6,252 tons in 1967, and imports of all 
grades from this source decreased 14 
percent. 

Although embargoed by Presidential 
order, dated Jan. 5, 1967, declining quanti- 
ties of asbestos continued to be received 
from Southern Rhodesia. This material 
probably was entered from bonded ware- 
houses or shipped from stocks in other 
countries which were exported from 
Southern Rhodesia prior to December 1966. 


Table 3.—U.S. exports and reexports of asbestos and asbestos products 


Product 
EXPORTS 
Unmanufactured: 
Crude and spinning fibers......... short tons 
Nonspinning fibers do.... 
Waste and refuse do 
d kd VBE do 
Products: 
Gaskets and packing do 
Brake lining do- 
Clutch facings, including lining number 
Textiles and yĩſar nn short tons. . 
Shingles and clapbo ard do.. 
Articles of asbestos cement do.... 
Manufactures, n.e.e 2 Lc LL LL Ll LLL cll. 
rr ³owm RAD MERI ARE mucus uud 
REEXPORTS 
Unmanufactured: 
Crude and spinning fibers......... short tons 
Nonspinning fibers do 
%%% ĩ· A EE do 
Products: 
Gaskets and packing.................- do 
Brake liningns ss do 
Clutch facings, including linings - ` number.. 
Shingles and clapbo ard short tons 
Articles of asbestos cement do.... 
Manufactures, p.ep. -0 -aaan 
KA WEEN 


NA Not available. 
1 Less than 14 unit. 


1967 1968 

Quantity Value Quantity Value 
thousands thousands) 

860 $288 872 $193 

26,603 4,021 17,066 2,808 

19,893 1,692 23,279 2,176 

47,856 5,951 41,217 4,677 
—-— PHM—n n nr 

2,826 5,253 2,415 5,895 

4,249 5,819 4,974 724 

2, 765, 868 328 8,436,934 2,918 

2,21 1,790 8,450 1,802 

10,729 1,996 10,651 1,944 

11,020 2,159 5,896 1,628 

NA 4,858 NA 5,198 

RES 28 088 24, 504 

256 J)ö; 88 

106 22 19 

362 74 19 2 

JJ ĩͤ K 3 1 

1 1 (3) 1 

6,800 o nau. "anl E c 

85 16 47 9 

TNCS Le ene c MS eT NUM 42 8 

NA 42 NA 9 

3 GÅ. e Se 28 
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Table 4.—U.S. imports for consumption of asbestos (unmanufactured), 
by classes and countries 


Crude (including Textile fiber All other Total 
blue fiber) 
Year and country e 

Short Value Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 

1967 
TEE EEN d $3 $3 
Canada................- 6,966 $1,246 15,068 35,745 679,95 52, 103 601,982 59, 165 
inland__ 66 JV 2,585 66 3,247 192 
Franee 16 J))! Eats usn ue | Moree eee 15 2 
TC zzz 1 T 6 7 7 8 
Mozambique 250 ) ͤ õͤõͥĩ ðWAA Ee 250 32 
Fl ³oWümu ³ĩ A ͤ ⁰ „ 59 6 59 6 
Rhodesia, Southern....... 420 68 75 26 4,956 775 5,451 869 
South Africa, Republic of.. 29, 318 5,081 17 3 1,280 255 80,615 5,339 
Füße 8 827 30 2, 656 97 „48 127 
'Potal z. s uc z L S 87,632 6,456 15,982 5,804 691,498 68,483 645,112 65,743 
1968 
Bolivia.................- Jy 27 see. ciini: 3 4 

Canada..........-.-.--. 57 82 15,818 5,869 674,008 59,450 689,888 65,851 
e ------2------ Jo. eS . ⁰⁰ʒ rop tam ce todas 16 3 
And 8 578 32 110 6 3,774 219 4,462 257 
y rͥĩumν ] ꝛ . ¹ ¹ -A Mixte dude orn Duo iem 30 4 30 4 
Waly co E ee ETE 2 | CENE EUN 8 8 5 4 
Mozambique 150 J·;¹ðö 8 742 165 892 185 
ASnama. od . , . cones ee 54 3 54 3 
F l((õ ͤĩ » ] ᷣ ⁰y yd yd y Louie 24 2 24 2 
Rhodesia, Southern 85 16. “oe. xac 2,734 504 2,819 520 
South Africa, Republic of 37,249 6,260 5 1 1,233 274 38,487 6,585 
Southern Africa, n. e.. 80 %%/»—2“mMꝛjñ 8 80 16 
Yugoslavia.. ------- 1,653 4 sc. dos 1,653 45 
Total: cscs 88,218 6,382 17,086 5,921 682,605 60,627 787,909 72, 980 


Table 5.— U.S. imports for consumption of asbestos from specified countries, by grades 


(Short tons) 


1967 1968 
Grade Southern Republic Southern Republic 
Canada Rhodesia of South Canada Rhodesia of South 
Africa Africa 

Chrysotile: 
Crudes--.--------------- 6,966 420 1,843 57 85 2,817 
Spinning and textile 15,063 75 17 15,818 ......... 5 
All other 579,953 4,956 1,280 674,008 2,734 1,238 
Crocidolite (blue).... ........ .........  .......-- e ume 183,965 
A ⁰⁰y . · ˙¹ AA 20,467 
DOUG oid ce eto es 601 ,982 5,451 30, 615 689,383 2,819 38 , 487 


Australia.—Production of chrysotile as- 


WORLD REVIEW 


1968. Exports 


increased 9 percent to 


bestos in 1968 was 895 tons, up 22 percent 
from the 734 tons of 1967. Imports in 1967 
included 39,752 tons of chrysotile, almost 
wholly from Canada, and 10,345 tons of 
amosite, 96 percent from Republic of South 
Africa. Total imports equaled 52,584 tons. 

Canada.—Production as measured by 
sales rebounded from the setback in 1967, 
increasing 10 percent to 1,596,011 tons in 


1,459,650, with a rise in value of almost 12 
percent to Can$192,895,000. 

The Asbestos Corporation Ltd. began 
sinking a 1,645-foot exploration shaft into 
the Penhale ore body on the company’s 
Vimy Ridge property, 5 miles southwest 
of Thetford Mines, Quebec. This $2.5 mil- 
lion project is to confirm drill-indicated 
reserves in a program due for completion in 
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late 1971.4 A drift will also be driven 
laterally into the ore body at the 1,120-foot 
level. If results warrant it, the shaft and 


duction. If the plans are réalized, the mine 
will be the largest underground asbestos 
mine in the world, with a production 


the drift will be incorporated into a new 
underground mine, ebtimated to cost an 


additional $5.25 million to bring into pro- p. 35 


Table 6.—World production of asbestos, by countries 


(Short tons) 


capacity of 8,200 tons per day. 
* Mining in Canada (Winnipeg). January 1969, 


Country ! 1964 1965 1966 1967 1968 » 
North America: 
Canada (sales) 1,419,851 1,388,212 1 1,489,055 1,452,104 1,596,011 
United States (sold or used 
by producers)........... 101,092 118,276 125,928 123,189 120,690 
South America: 
Argentina 248 53 p 201 NA 
Brazil 2ꝛʒ ---------- * 1,430 1,204 1,820 1,393 NA 
urope: 
Bulgaria 1,483 1,433 e 1,430 e 1,984 e 1,984 
Finland z 11,611 13,807 13,250 11, 601 e 13,228 
France... alcol cero 24,289 1,17 331 . zs 
Waly soc ose cl cece r 75,570 r 79,287 r 90,748 111,402 e 116,845 
Portugal. ß eee 22 58 11 57 e 28 
U.S.S.R See ie eee 810,000 1 821,221 r e 882,244 e 847,676 881,848 
Yugoslavia. .............. 9,280 0, ,A11 9, e 11,028 
Africa: . 
Botswana................ 2,161 SÜ· AZ. beet 
Kend kn 204 136 73 56 NA 
Mozambique... r 88 535 559 NA 
Rhodesia, Southern 153, 450 176,149 e 176,370 NA NA 
South Africa, Republic of... 215,592 240,762 276, 597 268,482 260, 580 
Swaziland 39, 862 40, 884 36,142 40,154 42,946 
zu United Arab Republic...... 1,739 225 42,05 NA NA 
ia: 
China, mainland *......... 130,000 140,000 150,000 165,000 165,000 
SFr . . . . .. .-.- 18,755 17,622 24,449 19,447 e 28,038 
Indias. eo elis ER na 8,710 5,264 7,646 8,095 NA 
ET EE 17,979 16,461 21,428 271,087 e 27,558 
Korea, South. ...........- 1,402 1,710 68 2,888 8,6 
Philippines 5880 8 551 64 NA 
Taiwan 2 526 888 721 631 1,923 
Turkey-. .. . u... lr 1,291 1,876 r 1,258 2,421 8,183 
Oceania: Australia 13,545 11,567 13,467 734 895 
Total 5... esos . .. r 3,050, 900 73,101,994 73,275,262 *3,094,784 NA 
e° Estimate. P Preliminary. r Revised. NA Not available. 


1 Negligible quantities also produced in Bolivia, Czechoslovakia, Eritrea, Malagasy Republic, North Korea, 


and Rumania. 
2 Bahia only. 
3 Includes asbestos flour. 
* Includes vermiculite. 
5 Total is of listed figures only. 


Table 7.—Canada: Shipments’ of asbestos, by grades 


(Short tons) 


Grade 1964 1965 1966 1967 1968 
Quebec, milled group: 

8 (spinning)? V 31, 594. 21,856 28,716 25,991 32,248 
4 (shingle)) 819,629 322,772 371,837 336, 568 335, 807 
5 (paper 188, 672 168,759 190, 278 5,450 193, 446 
6 (stueco 9 232, 382 208,682 229, 426 244, 021 255, 648 
refuse. cece . . 507,003 506,497 512,030 490,087 542, 124 
8 (sand: 5, 602 6,088 8, 706 7,149 3,037 

Newfoundland, Ontario, and 
British Columbia 135, 887 153,401 138,288 154,345 147,889 
Totals es 1,420,769 1,387,556 1,479,281 1,443,011 1,509,699 


1 Includes tonnage for own use. 
? Includes crude 


o. 1, 2, and other. 


š Data may not add to totals shown because of independent rounding. 
Source: Dominion Bureau of Statistics. 
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The highly mechanized operation would 
use rubber-tired, diesel-powered, load-haul- 
dump vehicles to take ore to an under- 
ground crusher. A load-haul-dump unit is 
now on trial at one of the company’s 
existing underground mines." 

The Asbestos Corporation Ltd. announced 
that construction has commenced at the 
King-Beaver mine on a new ore preparation 
plant costing $2.5 million.“ This new facil- 
ity, scheduled for operation by September 
1, 1969, will process all King-Beaver's 
open-pit ore. Concurrently, a new under- 
ground crushing station at the King-Beaver 
No. 3 shaft was being built to handle all 
the ore from underground operations and 
is expected to be completed in May 1969. 
This will consolidate the two separate 
underground operations, and all ore will 
be hoisted through No. 3 shaft. 


The corporation also announced that 
reserves at yearend were as follows:“ 


Thousand 

short tons 

King-Beaver mine. ----2---- 44,655 
British Canadian mine ..--.-.------- 68,285 
Normandie mine 11,622 
toa Hill... oin uz 18,788 
Other properties 10,611 
Tou. payo 05 o uy 158 ,911 


During 1968 Hedman Mines Ltd. con- 
tinued construction on its new mill near 
Matheson, Ontario? The mill will have an 
ore-crushing capacity of 600 tons per day 
and an initial fiberizing capacity of 300 tons 
per day. Stripping operations begun in 
1967 have exposed enough ore in the 
initial pit to last 4 years. Meanwhile, the 
company continued pilot plant tests in 
which fiber output was up to 500 tons per 
month. 

During 1968 the Cassiar Asbestos Cor- 
poration Ltd.’s Clinton mine in the Yukon 
Territory commenced operation. Shipments 
for the year totaled 53,749 tons, with the 
United States, the United Kingdom, and 
Australia as the principal recipients. 


Greece.—The Hellenic Industrial Devel- 
opment Bank (HIDB) planned to reopen 
the asbestos mine at Zidani Kozanis in 
northeastern Greece, where recent prospect- 
ing has shown the existence of 15 million 
tons of chrysotile-bearing ore." HIDB plans 
an open-pit mine and mill at Kozani with 
the capacity to produce 600,000 tons of 
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ore annually. The target for production 
of finished fiber has been set at 25,000 tons. 


Italy.—Italy’s only asbestos producer, 
the Balangero mine near Turin, has been 
expanded and modernized at a cost of 400 
million lire.? The mine, operated by Societá 
Amiantifera di Balangero of Milan, is now 
fully mechanized; excavation of the ser- 
pentine ore and primary crushing are done 
in a mobile plant capable of handling 500 
short tons per hour. Throughput of ore 
could be as high as 2.2 million tons and 
it will enable Amiantifera di Balangero, 
which markets short fiber chrysotile asbes- 
tos, to maintain output at about 100,000 
tons of fiber per year. The company, a 
successor to Anonima Cave di San Vittore 
set up in 1918, is capitalized at 600 mil- 
lion lire and is associated with Eternit 
SpA, a major manufacturer of asbestos 
cement products. About one-third of the 
production in recent years has been ex- 
ported. Reserves of ore at the open-pit 
mine, which employs 280, are estimated to 
be 70 million tons. 


South Africa, Republic of.—Asbestos pro- 
duction totaled 260,530 tons, a decrease of 
7,952 tons, or 3 percent from that of 1967. 
Amosite production rose 2 percent, chryso- 
tile rose about 16 percent, and crocidolite 
dropped 10 percent. Exports totaled 262,- 
158 tons valued at 28,727,376 rands. 


Swaziland.—Chrysotile asbestos produc- 
tion from the Havelock mine, Swaziland's 
sole producer, increased 7 percent over 
that of 1967. The King of Swaziland 
granted prospecting rights to the London- 
Rhodesian Mining and Land Co. Ltd. in 
an area adjacent to the Havelock property, 
which may lead to the opening of a second 
mine.” 


U.S.S.R.—Total production of six grades 
of asbestos in 1968 was estimated at 881,- 
848 short tons. Asbestos exports rose from 
283,070 tons in 1966 to 314,380 in 1967. 
Data released by the All-Union Building 


5 Work cited in footnote 4. 

6 Asbestos Corporation Ltd. Annual Report. 
Montreal, 1968, p. 3. 

7 Work cited in footnote 6 

s Mining J dr (London). V. 270, No. 6925, 
May 10, 1968, 383. 

? Industrial Minerals (London). No. 14, Novem- 
ber 1968, p. 31. 

10 Industrial Minerals (London). No. 8, May 
1968, p. 24. 

11 e & Engineering Journal (Johannes- 
2 V. 79, No. 3952, Pt. 2, Nov. 1, 1968, 
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Material Institute indicated that about 50 
percent of the mine waste was used in 
aggregates, and the rest was relegated to 
dumps. 

In 1967 and 1968 East European coun- 
tries increased their imports from Canada 
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which prompted the Soviet journal Foreign 
Trade to charge the Canadian industry 
with price manipulation and with the 
granting of confidential discounts on the 
listed prices in signing long-term contracts.” 


TECHNOLOGY 


Technological advances in 1968 related 


more to new products and applications than 
to developments in mining and milling. 
Union Carbide Corp. developed a process 
for shearing asbestos to obtain a high 
degree of fiber separation.“ The product is 
then pelletized to provide an improved 
material for use in drilling muds. 

Improved characteristics of thermo- 
plastics resulted from the use of asbestos 
additives.“ It was reported that such addi- 
tions increase strength, rigidity, gloss and 
heat stability of various plastic products. 

Medical research on the effects of asbes- 
tos on human health continued during 
1968. 

In October, the Nation's first cooperative 
effort by labor, industry, science, and 
Government to conduct a health research 
program for industrial workers was in- 
augurated at Mount Sinai School of Medi- 
cine, City University of New York." Dr. 
Irving J. Selikoff, Director of Mount Sinai's 


Environmental Sciences Laboratory, will 
direct the new activity, known as the 
Insulation Industry Hygiene Research Pro- 
gram. This research, budgeted at $362,500 
for the first year, was financed jointly by 
Johns-Manville and the International Asso- 
ciation of Heat and Frost Insulators and 
Asbestos Workers. Its primary purpose is 
to develop improved methods of minimiz- 
ing exposure of insulation workers to dust 
and fumes encountered in their work. The 
Bureau of Occupational Safety and Health, 
U.S. Public Health Service, will provide 
consultation and technical assistance. 


12 Mining riy (London). V. 270, No. 
, Oct. 18, 1968, p. 295. 
Preshearing, Pelletizing 


Gas J., v. 66, No. 44, Oct. 
102-1 03. 
14 Product Engineering. V. 89, No. 22, Oct. 


21, 1968, p. 
Steel. V. 162, `No. 18, Mar. 25, 1968, 138n. 


15 J ohns-Manville Corporation. Annual Report. 
New York, 1968, p. 65. 
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Barite 


By W. Gene Diamond ! 


Barite, sold or used in the United States 
in 1968, totaled 927,000 short tons, down 
3.6 percent from 1967. Total U.S. value 
increased, however, because the valuation 
of barite was changed to reflect prices 
following ore treatment; the value for three 


States increased substantially because the 
new prices reflected the value of a finished 
mill product. Primary barite imports for 
consumption in 1968 increased 25 percent 
to 663,000 tons. 


DOMESTIC PRODUCTION 


Barite was mined by open-pit and under- 
ground methods in eight States in 1968; 
Arkansas, Georgia, Missouri, and Nevada 
accounted for nearly 87 percent of the 
total output. Missouri ranked first and 
Nevada replaced Arkansas as the second 
largest producer. 

Ground and crushed barite was produced 
in nine States; output was slightly greater 


than in 1967. Milchem, Inc., completed 
construction of a barite mill in Lander 
County, Nev., to treat ore from a mine 8 
miles from the mill. Output from the plant 
was shipped to California.” 


1 Supervisory statistician, Bartlesville Office of 
Mineral Resources. 

2Engineering and Mining Journal. V. 169, 
No. 12, December 1968, p. 120 


Table 1.—Salient barite and barium-chemical statistics 


(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 
Barite (primary): 
ine or plant production........... 817 846 1,007 944 NA 
Sold or used by producers 83 852 94 96 1 927 
/;öð;à1ͤ xx 8 $9,796 $10,192 $11,259 $11,604 1313, 706 
Imports for eonsump tion 60 712 6 532 
BING cece cee 8 $4 , 796 $5,553 $5,764 $4,655 35, 666 
Consumption 222ʒ22 1,277 1,388 417 871 
Ground and crushed sold by producers 1,077 1,169 1,209 r 1,144 1,266 
Value -- ee 6,948 $29,444 $30,641 * $28,754 330, 563 
Barium chemicals sold by producers 117 1 1 136 
CH PIENE NENNEN $17,101 $17,935 $19,109 $16,28 $18,811 
World: Production 8,488 3,899 4, 3, 8,9 


r Revised. NA Not available. 
1 Data not comparable to previous years. 
2 Includes some witherite. 
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Table 2.—Barite (primary) sold or used 
by producers in the United States 
by States 


(Thousand short tons and thousand dollars) 


1967 1968 ! 
State — — —— 0. 
Quan- Value Quan- Value 
tity tity 

Alaska...........- W W 91 
Arkansas 229 $2,266 166 33, 839 

California. 0 71 w 
Georgia WwW W 140 2,874 
Missouri 332 4,444 284 4,102 
Nevada .. 154 928 216 1,611 
North Carolina 1 6 W W 
Tennessee 15 235 21 862 
Washington (2) L coes unaoa 
Undis tribute 221 3,658 8 1, 019 
Total 2 962 11,604 927 18,706 


W Withheld to avoid disclosing individual com- 


pany confidential data. 


11968 includes 222,828 short tons chemical grade 
valued at $4,250,142 and 703 ,892 short tons drilling 


grade valued at $9,455,166. 


? Less than 14 unit. 


3 Data may not add to totals shown because of 


independent rounding. 


CONSUMPTION AND USES 


Barite was used mainly as a weighting 
agent in oil- and gas-well drilling muds. 
The relatively high specific gravity of 
barite provides additional weight to the 
drilling muds that restrain high oil and 
gas pressures and helps prevent caving and 
blowouts. Substantial quantities of chemi- 
cal grade barite were used in glass, paint, 
and rubber manufacturing and in com- 
pounds such as barium carbonate for mak- 
ing glass and ceramic glazes and enamels; 
barium chloride for case hardening, pro- 


ducing magnesium metal, and water treat- 
ment; and barium hydroxide for ceramics, 
lubricating oils, and sugar refining. 
Producers of ground and crushed barite 
from domestic and foreign sources in 1968 
reported increased quantities of barite 
utilized for chemicals, well drilling, paint, 
and rubber industries; the only decreased 
usage was noted in the glass industry. 
Major producers of barium chemicals 
from barite included the following: J. T. 
Baker Chemical Co., Phillipsburg, NI 


Table 3.—Ground and crushed barite sold by producers 


1966 1967 1968 
Use ? er- Per- Per- 
Short tons cent of Short tons cent of Short tons cent of 
total total total 
Barium chemicals 202,889 14 170,096 13 175,830 13 
Well drilling 1,022,106 r 78 r 964,982 r 73 1,006,418 79 
G ³ »] ³ ⁰ AA psum u ruas 73, 660 r 5 76,220 r 6 ,110 5 
LN AL A eric el ß EE 69,895 r 5 59,698 5 60,894 4 
Rub; ? 38,249 3 81,039 r2 41,639 8 
OLG, EE 4,605 ..... * 12,964 rl 20, "907 2 
z ot ee eres r 1,410,904 100 71,814,999 100 1,377,458 100 
r Revised. 


1 Includes imported barite. 


2 Uses reported by the producers of ground and crushed barite, except for barium chemicals. 


3 Quantities reported by consumers. 


BARITE 


Table 4.—Barium chemicals produced and 
used or sold by producers! in the 


United States in 1968 
Sold or used 
Pro- by producers 
Chemical Plants duced ———— 
(short Short Value 
tons tons (thou- 
sands) 
Barium 
carbonate..... 7 82,855 80,315 $8,281 
Other barium 
chemicals ?.... (3) 53,838 55,279 10,530 
Total 4... 9 186,698 185,594 18,811 


1 Only data reported by barium chemical producers 
that consume barite rna are included. 

? Includes black ash, blanc fixé, barium acetate, 
chloride, hydrate, nitrate, oxide, peroxide, sulfate 
and other EE for which separate data may 
not be revealed. 

3 Black ash and lithopone, 2 plants; acetate, 1; 
chloride, 3; hydroxide, 3; nitrate, 1; oxide, 1; perox- 
ide, 1; sulfate, 2. 

4 A plant producing more than 1 product is counted 
only once in arriving at total. 
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Chemical Products Corp., Cartersville, Ga.; 
Chicago Copper & Chemical Co., Blue 
Island, Ill.; Chemetron Corp., Huntington, 
W. Va.; The Great Western Sugar Co., 
Johnstown, Colo.; Inorganic Chemicals 
Division, FMC Corp., Modesto, Calif.; 
Mallinckrodt Chemical Works, St. Louis, 
Mo.; Ozark Smelting and Mining Co., 
Coffeyville, Kans.; Pittsburgh Plate Glass 
Co., Chemical Division, New Martinsville, 
W. Va.; and Sherwin Williams Co., Ash- 
tabula, Ohio. 

Other companies which gave additional 
processing to barium chemicals included 
the following: Barium Chemicals, Inc., 
Steubenville, Ohio; Eastman Kodak Co., 
Rochester, N.Y.; The Glidden Co., Balti- 
more, Md.; and Inorganic Chemicals Divi- 


sion, FMC Corp., Carteret, N.J. 


PRICES 


Prices of crude and ground barite, as 
published in trade journals, serve as a 
general guide and do not necessarily re- 
flect actual transactions. Prices generally 
are negotiated between the buyer and 
seller. 

The quoted price of chemical grade 
barite produced by flotation or magnetic 
separation increased from $24.50 per short 


ton to $25 in June and to $26.50 in 
September. 


FOREIGN 


Exports of lithopone (a mixture of zinc 
sulfide and barium sulfate used as paint 
pigment) increased in 1968 compared 
with 1967 exports but were considerably 
lower than in 1966. Principal countries 
receiving lithopone were Canada, South 
Vietnam, Venezuela, the Philippines, Brazil, 
and Honduras. 

Imports of crude barite for consumption 
in 1968 totaled 663,000 short tons, up 
25 percent from 1967 imports. The in- 


Table 5.—Price quotations for crude and 
ground barite in 1968 


(Per short ton) 
Item 


Chemical grade, f.o.b. shipping 
point, carlots: 

Hand picked, 95 percent 
BaSO,, 1 percent f 

Flotation or magnetic sep- 
aration; 96-97.5 percent 
BaSO, 0.3—0.7 percent 
Fe (add $3 for 100-pound 


1968 


$20.00 to $20.50 


24.50 to 26.50 


pound bags 
Drilling-mud grade, f.o.b. ship- 
ping point, carlots: 

93 percent BaSO,, 3-12 
percent F'e, specific 
gravity 4.20—4.30: 

Crude, bulk 
Some restricted sales 
Ground ---22-22-2--> 


49. 00 


12.00 to 16. 
28.00 to 26.0 

poris... 522 10.00 to 14.00 
Source: Engineering and Mining Journal. 


TRADE 


crease in imports with a decrease in domes- 
tic tonnage sold or used reflects the 
competition of foreign barite in the drilling- 
mud market. The imported barite entered 
the United States through the following 
cities: New Orleans, La.—49.1 percent; 
Laredo, Tex.—21.5 percent; Port Arthur, 
Tex.—17.5 percent; Houston, Tex.—5.0 
percent; Galveston, Tex.—2.9 percent; 
and El Paso, Tex., Cleveland, Ohio, and 
San Diego, Calif.—4.0 percent. 


Ss 


bh 
ga, Dm 
e 
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Table 6.—U.S. exports of lithopone 


Year Short Value 
tons (thousands) 
1 «§ÜsL eee 3,017 $644 
NOG 0 GEES 13 267 
«ö eS 1,800 281 


Table 7.—U.S. imports for consumption 
of barite, by countries 


(Thousand short tons and thousand dollars) 


1967 1968 
Type and source — 
Quan- Value Quan- Value 
tity tity 
Crude barite: 
Algeria 17 $163 17 $190 
Canada 134 1, 141 104 911 
Germany, West.  (!) ees sete 
Gok a ss 87 806 75 622 
Ireland........ 58 437 144 1,094 
tal 8 99 22 275 
Mexico. ......- 133 1,055 181 839 
Morocco.....-. 49 497 56 587 
Panama. 8 106 
8 71 729 94 987 
Turkey 25 227 12 105 
Total 532 4,655 668 5,666 
Ground barite: 
Canada........ 3 22 betes 
Franee 1 A uuu. sae 
Total........ ) . 


1 Less than 14 unit. 


Table 8.—U.S. imports for consumption of barium chemicals 


Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Blanc fixé 
Year Lithopone (precipitated Barium chloride Barium hydroxide 
barium sulfate) 
1339. 88 182 $83 2,705 $804 1,287 $128 11 $2 
Ke WEEN 116 22. 2,249 282 979 120" Xz-222zz Sussie: 
1968... w na 246 87 2,788 897 1,418 I 22 betes 
Barium nitrate Barium carbonate, Other barium 
precipitated compounds 
„ ß 1,005 $170 1,150 $74 444 $249 
11 cesses ae mk eee eee 1,046 153 813 54 156 78 
77; ³· ]] EES 710 108 656 48 415 151 
Table 9.—U.S. imports for consumption of crude, unground, 
and crushed or ground witherite 
- Crude, unground Crushed or ground 
ear 
Short Value Short Value 
tons (thousands) tons (thousands) 

CI ARN MENSEM CE 2,188 $100 90 $8 

ö ³ Ü0.¹i⁰ ³⅛ͤov y m N 1,26 53 25 8 

é. d kt 8 2,02 59 25 17 
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WORLD 


Australia.—South Australian Barytes, 
Ltd., more than tripled mill production, 


which totaled 14,638 tons for the last 6 


months of 1968, compared with the last 
6 months of 1967. The increases were 
responsive to increased Australian offshore 
drilling activity.' 


Belgium.— Belgian authorities granted 
Mines de Garrot the right to operate an 


REVIEW 


idle mine at Fleurus, near Charleroi, fol- 
lowing development of an estimated 600,- 
000 tons of barite reserves. Before World 
War I, the Fleurus mine supplied large 
quantities of crushed barite for lithopone 
production.* 


3 Mining Journal (London). V. 272, No. 6963, 
Jan. 31, 1969, p. 99. 

4 Industrial Minerals (London). No. 14, No- 
vember 1968, p. 30. 


Table 10.—World production of barite, by countries 


(Short tons) 
Country ! 1964 1965 1966 1967 1968 » 
North America: 
Canada.................- 169,149 203,025 221,876 172,270 187,699 
Mexico 868,220 406,027 321,306 246,124 271,762 
United States 816,700 845,650 * 1,006,959 944,081 ? 926,729 
South America: 
Argentina4aeꝛ· 15, 989 21,843 r 19,827 P 19,842 e° 19,842 
HII! c nón 86,968 70,945 44,844 60,073 47,472 
Chile. oie Re tds 1,203 8,132 2,845 4,965 4,894 
Colombia. 11,244 9,700 r 8,157 6,622 8,944 
ms 40ͥʒj)ͤ RUNE UE es oe 188, 252 122,104 128, 579 P 121, 254 121 CZ 
ae (marketable) -- 1,890 2,573 8,086 2,675 1,610 
Czechoslovakia - 5,512 5, 512 5,512 5,512 5,512 
e so. 92,897 114,733 r 109,262 112,435 110,281 
Germany: 
. 33,069 88 , 069 38 , 069 88 , 069 88 , 069 
West Kee Ser eee 515,290 517,374 497 ,418 451,569 1 
hee ,957 132,277 r 143,300 165,347 e 165,847 
Ireland..................- 45,282 92,581 187,789 88 , 776 167,630 
Italy. ¿T SSO adea r 113,422 r 157,649 r 175,104 169,828 224,849 
Poland 50, 376 50, 376 51, 809 51, 809 : 
Portugal.........-......- 984 r 8,646 r 1,120 348 76 
Rumania. . . .... NA 49,604 e° 55,116 e 60,627 e 60,627 
«. 8 65,188 61,140 e 60,627 e 44,092 e 55,116 
DSR. MCN u ee 242 , 508 253,531 275, 578 286,601 286,601 
United Kingdom 68,348 67,241 84,172 , „092 
ei Yugoslavia..............- 112, 072 107, 045 88, ,898 93,121 e 94,799 
ca: 
Algeria... 32, 665 r 28,230 r 29,884 84,557 35,274 
e KEE A0 108 234 886 
Morocco 99,036 114, 508 117, 126 99,779 NA 
Rhodesia, Southern 1,561 e 1,543 e 2,205 e 2,205 e 2,205 
South Africa, Republic of... 2,885 1,477 6,815 1,646 631 
Swaziland. ..............- 17 541 1,150 623 1,079 
me Arab Republie 5,017 16,924 r 7,495 1,413 411 
B VE 1,940 e 8,818 10,362 11,111 
cama, mainland *......... 110,231 110,231 121,254 110,231 132,000 
7... 8 r 52,085 53, 228 56,949 56,997 57,009 
Iran L'UNE ERA DATE r 47,899 r 68,894 92,925 99,208 104,719 
japan TTT 43,810 46 ,606 44,396 41,417 61,078 
orea: à 
North e --2-- 11,162 88,185 110,231 121,254 121,264 
South..............-- 8,024 1,419 8 RE 6 
Akis tan 13,285 r 7,937 8,624 e 11,023 e 16,535 
Philippines 383222 88 2 NA NA 
hailand................- NA NA NA 246 248 
Key ee deeg 6,669 13,206 r 20,591 34,822 22,369 
Oceania: Australia NUMEN UE 13,778 13,413 15, 370 17, 545 17,687 
Total eu. u osu L L L Z r 3,487,961 *8,899,094 r4,068,281 * 38,820,387 8,915,477 
* Estimate. p POR r Revised. NA Not available. 
1 Barite is also produced in ulgaria, but data on production are not available. 
2 Sold or used by producers. 
3 Includes witherite. 


‘ Total is of listed figures only. 
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Canada.—Canadian  barite production 
decreased in 1968 as a result of a fire which 
destroyed a large part of the barite plant 
at Walton, Nova Scotia. The mine and 
plant, operated by Dresser Minerals Divi- 
sion of Dresser Industries, Inc., has in 
recent years yielded approximately 85 per- 
cent of the barite produced in Canada. 
During plant reconstruction, the company 
deepened the shaft at the mine from 1,370 
feet to 1,670 feet. Production of barite by 
two companies in British Columbia sup- 
plied the oil- and gas-well drilling industry 
in western Canada." 


India, A 24,000-ton-per-year  barite 
grinding mill began operation at Batamandi, 
near Yamunanagar, in Himachal Pradesh. 
Locally mined barite will be ground in 
the plant.? 

Geophysical surveys for barite at Phutana, 
Chanda District, Maharashtra State, were 
undertaken by National Geophysical Re- 
search Institute (NGRI) at the request 
of the Government. The geophysical work 
indicated that the deposit is not in the form 
of continuous veins.’ 


Iran.—Sogémiran, S.A., produced lead 
and barite concentrates at the new 500- 
ton-per-day Ravanje flotation mill. The 
mine and mill are near Dalijan, 150 miles 
southwest of Teheran. The barite was used 
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locally in drilling muds.’ 


Liberia.—An exclusive long-term con- 
cession to explore for barite on a 185,000- 
acre tract was awarded to Dresser Indus- 
tries, Inc., by the Liberian Government. 
Dresser also was granted the right to 
operate mines on selected acreage from the 
tract. Under terms of the agreement, the 
company has a 30-year mining concession 
including a minimum 2-year exploration 
period beginning within 6 months. Dresser 
will pay a royalty on all barite removed 
from the concession.’ 


Pakistan, Ground barite was produced 
by Crown Mining Corp.; Industrial Grind- 
ing Ltd., a subsidiary of International 
Combustion, Ltd.; and United Grinding 
Ltd. The Crown Mining Corp. mined barite 
at Lasbela, 100 miles from Karachi, and 
moved the material by truck to its mill 
at Karachi. Industrial Grinding, Ltd., pur- 
chased crude barite for grinding. United 
Grinding, Ltd., mined and purchased 
barite.“ 


Thailand.—A $1 million joint venture 
of International Minerals & Chemical 
Corp. and Mae Huey Yai Mining Co. was 
organized to operate a barite mine and 
mil in Songkhla Province. Later plans 
of the venture include mining in Yala 
Province." 


TECHNOLOGY 


Under a cooperative agreement between 
the Bureau of Mines and the Division of 
Geological Survey and Water Resources of 
Missouri, research to determine the re- 


5 Canadian Mining Journal V. 90, No. 2, 
February 1969, p. 124. 

6 Industrial Minerals (London). No. 14, No- 
vember 1968, p. 32. 

7 Journal of Mines, Metals, and Fuels (Cal- 
cutta, India). V. 16, No. 8, August 1968, p. 317. 

8 World Mining. V. 4, No. 13, December 1968, 


coverable barite remaining in barite-ore- 
washer waste ponds was started. Results 
wil be evaluated and reported by the 
Missouri Geological Survey. 


p. 59. 

9 Mining Congress Journal V. 54, No. 12, 
December 1968, p. 5. 

19 Bureau of Mines. Mineral Trade Notes. V. 
66, No. 5, May 1969, p. 4. 

1 Engineering and Mining Journal. V. 170, 
No. 1, January 1969, p. 130. 
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Bauxite 


By John G. Parker ! 


In 1968 worldwide bauxite production 
remained about the same as that of 1967 
but alumina plant capacity increased about 
5 percent, with much of the increase being 
in plants in Asia and Australia. Imports of 
alumina for aluminum production rose 
nearly 40 percent to 1.3 million short tons. 


Legislation and Gevernment Programs. 
Only 916 long tons of calcined, refractory- 
grade bauxite was sold from the national 
stockpile during 1968. 

Of a sales offering by General Services 
Administration of 1,000 short dry tons of 
fused crude aluminum oxide, only 100 
tons was sold to a Massachusetts abrasive 
company. 


Table 1.—Salient bauxite statistics 


(Thousand long tons and thousand dollars) 


United States: 
Production, crude ore (dry equivalent 


Exports {as shipped)... .... c. esee ue es ere 
Imports for consumption !..................- 
Consumption (dry equivalent)............... 

World: Production 


1964 1966 1966 1967 1968 
1,6 ; 1,796 1,654 1,665 
Well a v dur e Sea 462 
10,180 11,199 11,529 11,594 10,976 
12,546 13,534 14,0 14,503 14,097 
82,838 86,849 40,041 48,889 42,880 


1 Includes bauxite imported for Government account. Import figures for Jamaican, Haitian, and Dominican 
Republic bauxite included were adjusted by Bureau of Mines to dry equivalent. Other imports, which are 
virtua 


lly all dried, are on an as-shipped basis. 


DOMESTIC PRODUCTION 


Output of crude bauxite (dry equivalent) 
increased only slightly over that of the 
previous year, with Arkansas, the major 
producing State, having 95 percent of the 
output total. 

There were 12 domestic bauxite mines 
operated by eight firms in 1968, five in 
Saline County, Ark., three each in Barbour 
and Henry Counties, Ala., and one in 
Sumter County, Ga. The two largest pro- 
ducers, Reynolds Metals Co. and Alumi- 
num Company of America ( Alcoa), shipped 
crude ore from Arkansas to their own 
alumina plants. The Saline County mine of 
American Cyanamid Co. continued to 
supply the firm's calcined bauxite plant at 
Benton, Ark. In Pulaski County, Ark., 
Porocel Corp. and Stauffer Chemical Co. 
produced activated bauxite. 


In Alabama, the following firms mined 
bauxite: Harbison-Walker Refractories Co., 
Eufaula Bauxite Mining Co. (the former 
R. E. Wilson Mining Co.), Wilson-Snead 
Mining Co., General Refractories Co., and 
A. P. Green Refractories Co. Harbison- 
Walker was the State's major producer of 
calcined bauxite, with a small output from 
A. P. Green. Eufaula was the only pro- 
ducer of dried bauxite. In Georgia, Ameri- 
can Cyanamid mined and processed crude 
bauxite. 

A total of 6.44 million short tons of 
aluminum oxide was produced in 1968, 
6.05 million tons of the calcined variety, 
324,000 tons of trihydrate alumina, and 


1 Physical scientist, Division of Mineral Studies. 
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Table 2.—Mine production of bauxite and shipments from mines and 
processing plants to consumers in the United States 


(Thousand long tons and thousand dollars) 


Mine production Shipments from mines and 
processing plants to consumers 
State and year ———————— 
Crude Dry Value ! Dry Value ! 
equivalent ahipped equivalent 
Alabama and Georgia: 

ET 5 ⁊ m 51 39 $444 57 57 $809 
J!!!! 8 79 61 658 57 56 792 
1966... eco ¼ omO᷑ ß 8 102 78 656 85 82 1,108 
1901... 2222 oꝶ-fſm.. E EEE 108 88 810 85 84 1,236 

re Eeer 110 88 694 74 69 898 

as: 

LEE 1,864 1,562 17,431 1,773 1,531 17,859 

/ X a 1,911 1,593 17,974 2,008 1,729 20,293 

, E E 2,060 1,718 19,489 1,891 1,636 19,788 

et SEDET EC ee eee ae 1,943 1,571 18,269 2,022 1,742 21,843 

DOS. EE 1,961 1,582 28,058 1,962 1,680 25, 349 
Total . States: 

1), beesakeeeuad 1,915 1,601 17, 875 1, 830 1,588 18,668 
19655. 1.252229 ⁵ĩðA 8 1,990 1,654 18,632 2,065 1,785 21,085 
198 cb cec ens ewceccs 2,162 1,796 20,095 1,976 1,718 20,896 
J A E E ,051 1,654 19,079 2,107 1,826 22,579 
19688... dT unea eaS 2,071 1,665 28,762 2,036 1,749 26, 247 


1 Computed from selling prices and values assigned by producers and estimates of the Bureau of Mines. 


Table’3.—Recovery of dried, calcined, and 
activated bauxite in the United States 


(Long tons) 
Processed bauxite 
recovered ! 
Crude ore 
Year treated Total 
As Dry 
recovered equivalent 

1964. 166, 884 93,285 128,347 
1965........- 198,076 99,765 140, 718 
1968 — 202,448 117,326 157,206 
1967........- 228,174 123,200 166,696 
19688 209, 900 107, 722 152, 106 


1 Dried, calcined or activated bauxite. 


the rest, tabular, activated and light hy- 
drate. 

Shipments of alumina and aluminum 
oxide products totaled 6.23 million tons of 
which 5.84 million tons went to the alu- 
minum industry, with the rest shipped to 
the refractory, ceramic, chemical and 
abrasive industries. 

In 1968, 60,080 short tons of alumina 
was shipped to the United States from the 
Virgin Islands. The St. Croix plant owned 
by Harvey Aluminum, Inc., and eight con- 


tinental United States alumina plants 
owned by four aluminum firms are the 
source of the entire calcined alumina 
output. 


Table 4.—Capacities of domestic alumina 
plants, December 31, 1968 


(Thousand short tons per year) 


Company and plant Capacity 
Aluminum Company of America: 
Mobile, Ala. ............-........- 950 
Bauxite, l ee 400 
Point Comfort, Tex................ 900 
TOUll:slolltewesv Dd E 2,250 
Reynolds Metals Co.: — 
Hurricane Creek plant, Bauxite, Ark. 840 
Sherwin plant, Corpus Christi, Tex... 1,185 
lll asa 2,025 
Kaiser Aluminum & Chemical Corp.: d 
Baton Rouge, Laa 1,042 
Gramercy, Laa 720 
zi med Ru dU he Ss 1,762 
Ormet Corp.: Burnside, Laa 550 


Harvey Aluminum, Inc.: St. Croix, Virgin 
Islands 
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CONSUMPTION AND USES 


Alumina production accounted for 93 
percent of domestic bauxite consumption, 
of which 86 percent was imported material. 
In order of quantities used, the chemical, 
refractory, and abrasive industries con- 
sumed most of the remainder. Minor quan- 
tities of bauxite were used by the cement, 
oil and gas, and steel industries, and 
municipal water works. 

The percent of domestic bauxite ship- 
ments, by various silica content ranges, are 
as follows: 


SiO», percent 1964 1965 1966 1967 1968 


Less than 8 6 5 10 4 15 
e 68 64 60 73 58 
More than 15. 31 31 30 23 32 


The aluminum industry received 94 
percent of total alumina shipments. The 
chemical, refractory, ceramic, and abrasive 
industries received most of the rest. 

Calcined alumina consumed by primary 
aluminum reduction plants totaled 6.00 
million tons. The quantities of bauxite and 
alumina consumed to produce 1 ton of 
aluminum since 1964 were as follows: 


1964 1965 1966 1967 1968 


Bauxite 
long dry tons . 4.074 4. 136 4.088 3.993 © .888 
Alumina 


short tons.. 1.901 1.891 1.904 1.87% * .345 
Aluminum 
short tons. 1.000 1.000 1.000 1.0^^ ` 000 


Table 5.—Bauxite consumed in the 
United States in 1958, by grades 


(Long tons, dry equivalent) 


Domestic Foreign Total 
Grade origin origin 
Crude 1,857,942 95,038 1,952,975 
Dried 11, SC 11,472,422 11,483, 794 
Activated 38.6 5 „699 
Caleined . ` 106 , 505 515 ,240 621, 745 


Total.... 2, 014, 518 12,082,695 14,097,218 


Calcined aluminas also were used in 
producing fused alumina and high-alumina 
ceramics and refractories. Because of prop- 
erties such as resistance to thermal shock 
and chemical attack, good thermal con- 
ductivity, and high electric resistivity at 
elevated temperatures, tabular alumina was 


Table 6.—Bauxite consumed in the United States, by industries 


(Thousand long tons, dry equivalent) 


Industry 
Domestic 

Alumina-.... .. eset we cee e 1,633 
Abrasive $.......2.2-2-222co one SP x 
Chemical.................. -.-. Lll... 130 
RefractorꝶZ 33 
CCC EE 23 

Total EE 1,819 


1967 1968 

Foreign Total! Domestic Foreign Total! 
11,936 13,670 1,836 11,329 18,165 

246 3 246 W 225 3 22 
176 306 135 190 326 
282 815 21 290 811 
48 66 29 47 10 
12,683 14,503 2,015 12,081 14,097 


W Withheld to avoid disclcsing individual company confidential data; included with “Other.” 
! Data may not add to totals shown because of independent rounding. 
2 Includes consumption by Canadian abrasive industry. 


3 Excludes domestic. 


used in making refractories, electrical in- 
sulators, kiln furniture, and as a catalytic 
support in high-temperature reactions. 
Hydrated alumina was used in produc- 
ing aluminum chemicals, and of these, 
aluminum sulfate (alum) was produced 
in the greatest tonnage. Alum was used to 
fight the growth of algae in northern Euro- 


pean lakes.“ When aluminum sulfate com- 
bines with phosphorus in water it flocculates 
and settles to the bottom, thereby reducing 
the rate of algae growth and increasing the 


2 Chemical Engineering. Aluminum Sulfate: 
New Weapon in War on Algae. V. 75, No. 28, 
Oct. 21, 1968, p. 68. 
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oxygen level. Anhydrous aluminum chlo- of styrene, in detergent alkylates, in dye- 
ride (AlClg) was used in making ethyl- stuffs, and in making titanium dioxide 
benzene which is used in the production pigment. 


Table 7.—Production and shipments of selected aluminum salts 
in the United States in 1967 


Total shipments including 
Number of Production interplant transfers 


Item producing (short tons. y (; 
plants Short Value 
tons (thousands) 
Aluminum sulfate: i 
Commercial (17 praan 105 d M SCIT 57 1,038, 662 1,009, 845 $41,478 
Municipal (17 percent Al: O,) ::: 8 4,732 NA NA 
Iron-free (17 percent Alz O, 20 60,206 86,601 2,247 
al EE 
qui G) HEN PU ETERNI EEE s 
Coen) ee toU n c US | 8 22,880 11,684 827 
Anhydrous (100 percent Al Cl) 7 87,779 36 ,228 9,569 
uminum fluoride, technical!!! 6 131,600 131,481 80,857 
Aluminum hydroxide, Ho iind 
100 percent ALOeëH-O). ))0⸗;) 8 214,825 254,556 19,033 
Other inorganic aluminum compounds 11 NA NA NA 16,718 
DOUG ease oe %⅛o,.¾? NA NA NA 120,724 
NA Not available. 


1 Includes sodium aluminate, light aluminum hydroxide, cryolite and alums. 


Source: Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments 
and Production of Inorganic Chemicals. 


STOCKS 


Bauxite stocks, crude and processed, remained almost exactly the same as in the 
previous year. 


Table 8.—Stocks of bauxite in the United States“ 


(Long tons) 
e Producers and processors Consumers 
ear EE l ll l i, eT oP 

Crude Processed 2 Crude Processed 2 
!!..ö;öĩ5 d wk AEE ET AE 1, 163, 770 10, 264 402, 394 1,399,509 
LEE 1,007,020 8,689 419,525 1,609,104 
1966 mec 1,129,759 10,424 414,446 2,167,741 
1087: eee eee ⁵³ DO E ake 1,091,926 9,975 405,870 2,078,018 
LE EE 1, „086, 665 9,622 292, 298 2. 247, 131 

1 Excludes strategic stockpile. 


2 Dried, calcined, and activated. 


Table 9.—Market quotations on alumina and aluminum compounds 


Compound Dec. 18, 1967 Dec. 30, 1968 
Alumina, calcined, bags, carlots, works per pound.. 50.0530 30. 0530-0. 0555 
Aluminum hydrate, heavy bags, carlots, freight equalized per pound.. .0870—.0400 .0400 
RACH sulfate, commercial, ground, bags, carlots, m Maent 
ualzéd.: eene ton.. 52.75-56.25 58.25 
Aluminum sulfate, iron-free, bags, carlots, works, freight equalized 
per 100 pounds.. 8.95-4.0525 4.1525 


Source: Oil, Paint and Drug Reporter. 
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PRICES 


According to Oil, Paint and Drug Re- 
porter, the price of bauxite in bulk form 
from the mines was $7 to $10 per ton. 
The average value of imported bauxite 
consumed by domestic alumina plants was 
$17.15 per long dry ton. 

Prices per long ton of imported bauxite 
quoted in Engineering & Mining Journal 
at yearend 1967 and 1968 are as follows: 


Atlantic ports, f.o.b. cars 


December December 
1967 1968 
Calcined, crushed 
(abrasive grade) 1. 2 $35.00 $85.80 
Refractory grade 3. 42.00 43.05 


Dried bauxite, crushed, 
chemical grade (60 
percent Al-Os, 6 per- 
cent SiOz, 1.25 per- 
cent Fe)........... 15.50-16.50 15.90-16.90 

1 87 percent minimum AlzO;. 

? Penalties for SiO» content more than 7 percent. 

š 87.5 percent minimum Al:Os. 


The average value of calcined alumina, 
as determined from producer reports, was 
$0.0339 per pound. The value of imported 
calcined alumina classified as aluminum 
oxide for use in producing aluminum was 
$0.0278 per pound. 

The average value of crude, undried 
domestic bauxite, shipments f.o.b. mines 
or plants, rose from $9.70 per long ton in 
1967 to $11.46 in 1968. Data for dried, 
calcined, and activated bauxite were com- 
pany confidential. 


FOREIGN TRADE 


Exports of bauxite totaled 7,321 long 
tons valued at $359,767 with 98 percent 
being shipped to Canada and the rest to 
nine other countries. Exports of alumina 
rose to about 860,000 short tons valued at 
$63 million. Of these Ghana received 26, 
Canada 24, U.S.S.R. 22, Norway 13, and 
Mexico 8 percent. Shipments were also 
made to 57 other countries. 

Exports of aluminum sulfate rose to 
18,250 tons with Venezuela receiving 59, 
Canada 21, and the Dominican Republic 
5 percent. Aluminum hydroxide totaling 
about 25,550 tons was exported to 54 
countries with Sweden receiving 49, Mex- 
ico 19, Canada 7, and India 6 percent. 
Artificial corundum totaling about 15,500 
tons valued at $6.3 million was exported, 
with Canada receiving 55, United Kingdom 
11, and Mexico 7 percent, and the Republic 


of South Africa and West Germany 4 per- 
cent each. Of the exports of other alumi- 


num compounds totaling about 30,600 tons 
valued at $7.7 million, shipments to Ghana 
constituted 28 percent, to Australia 12 
percent, to Colombia 10 percent, to Canada 
and Norway 9 percent each, and to Surinam 
and Argentina 6 percent each. 

Imports of bauxite decreased to about 
11 million long tons; those of alumina rose 
over 30 percent to 1.3 million short tons. 


Table 10.—Average value of U.S. exports 
and imports of bauxite 


(Per long ton) 


Average value port 
of shipment 


 — nra 


Type and country 


1967 1968 
Exports: Bauxite and bauxite 
concentrate $100.33 $49.14 
Imports: 

Crude and dried: 

Australia T. 45. -2525maz 
Dominican 
Republic !....... 15.26 14.83 
Greece 7.85 .09 
Guinea 71 4.93 
Guyana..........- 9.49 9.06 
Haiti . 10.87 10.74 
Jamaica 11. 14.52 14.45 
Surinam r 9.88 9. 50 
Venezuela 9.13 8.94 
Average r 13.06 12. 78 
Calcined:? 

Canada 38.22 48.70 
Guyana 81.11 31.41 
Surinam 23.10 24.61 

Trinidad and 
Tobago 8 
Average 29.32 80.48 

r Revised. 


! Dry equivalent tons adjusted by the Bureau of 
Mines used in computation. 

? For refractory use. 

Note: Bauxite is not subject to an ad valorem rate 
of duty and the average values reported may be 
arbitrary for accountancy between allied firms, etc. 
Consequently the data do not necessarily reflect 
market values in the country of origin. 
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Table 11.—U.S. imports for consumption 


of bauxite (crude and dried) by countries’ 


(Thousand long tons and thousand dollars) 


1966 1967 1968 
Quantity Value Quantity Value Quantity Value 
8 Republic.................- 658 $9,916 824 $12,574 788 $11,615 
EE 826 8,219 880 8,612 890 8,582 
A EEN 283 8,079 813 8,4 899 4,286 
Jamaica.........------ cec cc ee ee eee 6,665 96,040 6,968 101, 228 6,385 92,257 
EON MADE C 8,500 88,860 r 2,990 29,5 ,865 27,216 
Other countries... nns 102 1, 221 119 1,054 154 1,822 
Total usu Www 11,529 147,885 1 11,594 161,418 10,976 140, 228 


* Revised. 


! Official Bureau of the Census data for Jamaican, Haitian, and Dominican Republic bauxite have been 
converted to dry equivalent by deducting 18.6 percent free moisture for Jamaican and Haitian, and 17.7 
percent for Dominican Republic. Other imports, which are virtually all dried, are on as-shipped basis. 


Table 12.—U.S. imports for consumption 
of alumina for use in producing 
aluminum, by countries 


(Thousand short tons and thousand dollars) 


1967 1968 

Quan- Value Quan- Value 

tity tity 
Australia 309 $15,480 698 $87,581 
Fr ane 25 1,546 ---- ------ 
E aU UH Ta 
Jamaica..........- 180 7,278 109 6,708 
Japan 4 2, 858 11 60 
Surinam 399 20,879 475 26,928 
Other eountries n (3 


Total. 958 60,178 1,817 78,295 


1 Less than 1⁄4 unit. 


The bauxite came principally from Jamaica 
(58 percent), and Surinam (26 percent). 


WORLD 


In 1968 world bauxite production was 
about the same as in 1967, which in turn 
was nearly 10 percent higher than the 
revised total for 1966. Australian output 
accounted for 11 percent of the world 
total and was an increase of 17 percent over 
1967 production. This consolidated Aus- 
tralia’s third-place position in the free 
world behind Jamaica and Surinam in 
which, respectively, output dropped 8 per- 
cent and rose 2 percent. Changes in other 
larger producers were Guyana, up 5 per- 
cent; Hungary, up 19 percent; and Greece, 
up 5 percent. 


Alumina (aluminum oxide) imports came 
primarily from Australia (53 percent), 
Surinam (36 percent), and Jamaica (8 
percent). Imports of aluminum hydroxide 
from 11 countries totaled 28,671 tons of 
which 63 percent came from Jamaica, and 
33 percent from Canada. 

Bauxite import data do not include 
shipments to the Virgin Islands. 

The suspension of duties on crude baux- 
ite, calcined bauxite, and alumina imported 
for making aluminum was continued until 
July 15, 1971. On January 1, in accordance 
with the Kennedy Round trade agreements, 
duties on aluminum hydroxide and alumina 
not used for aluminum production were 
lowered from 0.25 cents to 0.22 cents per 
pound, that on crude bauxite from 50 
cents to 40 cents per long ton, and that on 
calcined bauxite from 55 cents to 44 
cents per long ton. 


REVIEW 


The ratio of world bauxite to world 
aluminum production in 1968 was 5.6. 

At yearend free world alumina produc- 
tion capacity was estimated as follows: 


Thousand 
short tons 
North America, including Jamaica and 

irgin Islands 9,190 
South Ameri ae 1,984 
ie . usce 2,620 
J/§ÜĩÄ5¹ ⁰ n n ↄ Ee oes 551 
ASR ooo ee et eeu dessins , 558 
Lé TEE 1,747 
DOM ME 17,000 
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Table 13.—World production of bauxite by countries 


(Thousand long tons) 
Country 1964 1965 1966 1967 1968 » 
North America: 
ominican Republic (shipments) 1. 748 927 820 968 979 
Halt ³ ³ĩðͤ 8 430 377 356 354 439 
/ ul D -w 7,811 8.514 r 8,918 9,121 8,391 
United States . 1,601 1,654 1,796 1,654 1,665 
South America: 
FOZ Sur oro ee eel 180 r 185 246 298 e 801 
7 / A 8 r 2,478 2,878 8,805 8,828 ° 8,490 
Surinam: EEN 8,930 r 4,291 r 6,476 5,880 5,4 
Europe: 
GR a ͤ ͤ P'... su . eee )//ĩͥ . 4 olei EE 
e . ade oes 2,894 2,620 2, 766 2, 768 2, 756 
Germany, Wes se 4 NA 
GrO6CÓ- o c ee eL ³—AA m neta 1,030 1,250 r 1,849 1,633 e 1,722 
Eft 1,454 r 1,454 1,406 1,624 1,928 
Ttaly sou 8 EE r 248 241 r 251 288 218 
Rumania aki. 7 1 12 r 15 15 20 
Jöĩéê%˙ ³ ³ é(êéêég“fg“é“féf P RD LE E D EE 4 e 2 NA 
SSR E t. uuu y 4,200 4,600 4,700 5,000 5,000 
Nüsse .. .. eaae mae mirus 1,278 1,549 1,867 2,097 2,037 
Africa: 
Ghana 2 236656552 ³² A ee a ek e 246 814 818 945 .......- 
Guinea NECNON eit re SS 1,652 1,840 1,588 1,018 ........ 
Mozambique 6 6 3 
Rhodesia, Southern 2 2 e 2 e 2 e 2 
"T Sierra Leone. ........... ... .............. 151 204 268 336 844 
ia: 
China, mainland s 400 400 400 340 374 
I ⁰»;ͥ ²ꝛ˙Ür ed Mn r 584 695 738 776 921 
hh y ees 688 677 690 906 865 
Malaysia: 
Malaya- ùÜ˙⁰ʃ 6 464 848 940 885 786 
Sarawak l... on a oss Sheet desean 158 186 eerste ` weie Guss Duos 
dd NEEN 4 10 82 21 NA 
Oceania: Australia 184 1,168 1,798 4,177 4,880 
Total e Zum u e EE r 32,888 736,849 740,041 = 43,889 42,880 


e Estimate. P Preliminary. r Revised. 
1 Dry bauxite equivalent of crude ore. 


NA Not available. 


2 Quantities shown include about 14 percent moisture. ; 
3 Includes bauxite shipped for export and bauxite converted to alumina. May include cement grade bauxite 
as follows: 1964, 24,144 tons; 1965, 48,293 tons; 1966, 76,094 tons; and 1967, 124,314 tons. 


4 Excludes nepheline concentrates and alunite ores. 


5 Data shcwn include only bauxite (diasporic) for aluminum manufacture; in addition 100,000 to 200,000 


ear for refractories. 


tons was produced each 
gures only. 


* Totals are of listed 


Australia.—The three main bauxite areas 
—Weipa in northern Queensland, Gove in 
Northern Territory, and the Kimberley 
Plateau in Western Australia—were esti- 
mated to contain about 4,500 million tons 
of commercial grade material. Weipa, the 
largest producing area, with an estimated 
2,500 million tons of reserves grading 50 
percent alumina, supplied all the bauxite 
used by the Gladstone alumina plant.“ 
Weipa also supplied the Comalco Industries 
Pty. Ltd. (Comalco) plant at Bell Bay, 
Tasmania, and exported bauxite to Japan 
and Europe. The Western Australia output 
goes to the Kwinana, Western Australia, 
alumina plant. 

In the Cape York Peninsula, Queens- 
land, Tipperary Land Corp. announced the 
discovery of about 700 million tons of 


probable and inferred reserves of bauxitic 
laterite. Laboratory data showed 36 to 58 
percent total alumina and 30 to 49 percent 
available alumina. The 90-square-mile area 
is on the western side of the Cape York 
Peninsula near the Watson River and about 
40 miles south of Weipa and 110 miles 
northwest of Coen. At Gladstone, Queens- 
land Alumina Ltd., owned by Kaiser 
Aluminum & Chemical Corp. (52 per- 
cent), Alcan Aluminium Ltd. (Alcan) 
(20 percent), Compagnie Péchiney S.A. 
(Péchiney) (20 percent), and Conzinc 
Riotinto of Australia Ltd. (8 percent), also 
was expanding its capacity. By December 


3 Light Metal Age. Australian Aluminum Indus- 
try Rapidly Expanding Bauxite, Alumina, Ingot 
„ V. 26, Nos. 7 & 8, August 1968, pp. 
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1968, a 336,000-ton expansion raised the 
rated capacity to a little over 1 million 
tons.“ At Weipa, Comalco, jointly owned 
by Kaiser and Conzinc Riotinto of Aus- 
tralia, was installing a calcination plant, 
with an initial annual capacity of 112,000 
tons by 1970, to produce calcined bauxite 
for the abrasives industry. 

At Gove, Northern Territory, Nabalco 
Pty. Ltd., 50 percent owned by Swiss Alu- 
minium Ltd. (Alusuisse), 27% percent 
owned by Colonial Sugar Refining Co. Ltd., 
Australia, and the rest by seven other 
Australian firms, planned to expand the 
annual capacity of its alumina plant to 
560,000 tons by the end of 1971 and to 
1.12 million tons by 1974. 

Amax Bauxite Corp., a subsidiary of 
American Metal Climax, Inc., signed an 
agreement with the Western Australia Gov- 
ernment defining the conditions under 
which the firm would be granted a mineral 
lease over bauxite deposits it found in the 
Kimberley area in 1965.° Although mine 
development work continued, and an engi- 
neering study will serve as a basis for 
evaluating the viability of a mine and ad- 
jacent 600,000-ton-per-year alumina plant, 
the remote area and high development costs 
require a large production complex for 
which a consortium is most feasible. The 
deposits, which are believed to contain more 
than 100 million tons, occur on the Mitchell 
Plateau in far northwest Western Australia, 
between Montague Sound and Napier 
Broome Bay. An estimated 90 million tons 
of commercial low-grade (31 percent alu- 
mina) bauxite was found in drilling in the 
Chittering area north of Perth. 

Western Aluminium Pty. Ltd., a sub- 
sidiary of Alcoa of Australia Pty. Ltd., 
which itself is 51 percent owned by Alu- 
minum Company of America (Alcoa) and 
49 percent by Western Mining Corpora- 
tion, Ltd., Broken Hill South Ltd., and 
North Broken Hill Ltd., was bringing its 
alumina plant at Kwinana, Western Aus- 
tralia, to an annual capacity of 915,000 
tons by the second half of 1969. A fifth 
unit will bring the total capacity to 1.145 
million tons in the second half of 1970. 


Costa Rica.—In November, Alcoa signed 
à contract with the Government of Costa 
Rica which provided for the construction 
of a $60 million, 440,000 ton-capacity alu- 
mina plant in San Isidro del General. Port 
facilities will be built at Punta Uvita in 
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Puntarenas Province on the Pacific Coast. 
The 25-year agreement is automatically 
renewable for an additional 25 years if 
Alcoa spends $150 million in the country 
in the first 25 years. Alcoa will be able 
to utilize 165 million tons of dry bauxite 
in the concession area for its plant. All 
bauxite remaining in the concession area 
will be split 50-50 with the Government. 


Fiji.— Japan's interest in bauxite sup- 
plies extended to these islands, when three 
Japanese aluminum  producers—Nippon 
Light Metal Co. Ltd. (NKK), and Showa 
Denko K.K. of Tokyo and Sumitomo Chem- 
ical Co. Ltd. of Nishinomiya City—formed 
Bauxite Fiji Ltd. which hopes to work 
bauxite deposits at Wainunu on Vanua 
Levu, the second largest island in the group. 
The deposits were estimated at about 6 
million tons. 


France.—New port facilities at Fos, near 
Marseilles, will accommodate the largest 
ore carriers. With these facilities, the 
French alumina industry now will be able 
to import Australian bauxite at rates less 
than the cost of domestically mined ore. 

At Saint Louis-les-Aygalades, Bouches du 
Rhone, Société Francaise pour l'Industrie 
de Aluminium (S. F. I. A.), a member of 
the Alusuisse group, closed its 66,000-ton 
alumina plant, which is small by today's 
standards. This reflects dwindling reserves 
in Var, mined by Société Anon. des Baux- 
ites de France, high mining costs, and the 
group's investment in overseas production 
facilities. 


Ghana.—The British Aluminium Com- 
pany, Ltd., further developed its bauxite 
deposits at Awaso, announcing that by 
early 1969 a new plant will be able to 
produce about 450,000 tons of treated 
bauxite ore per year. 


Greece.— The Eleusis Bauxite Mining 
Co. located a bauxite deposit on the slopes 
of Mount Oete, a northern continuation of 
the Parnassus Range. The firm planned also 
to modernize and expand facilities at its 
mines in Eleusis and near Lamia. 

Greek inining firms continued to supply 
the needs of the country's sole alumina 
producer, Aluminium de Gréce, S.A., as 
well as meet export quota commitments. 

t Alcan Aluminium Limited. 1968 Annual Re- 
port. Feb. 12, 1969, 33 pp. 


5 American Metal Climax, Inc. Annual Report 
1968. Mar. 17, 1969, 88 pp. 
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The Greek Ministry of Commerce had fixed 
the 1968 bauxite export allocation at 
1,697,000 tons compared with 1,488,120 
tons in 1°67. The increase was due mostly 
to larger shipments to the United States 
and to new large shipments to Czechoslo- 
vakia, Japan, and Yugoslovia. 

Aluminium de Gréce planned to enlarge 
the capacity of its Paralia-Distomon plant 
from 280,000 tons to 560,000 tons alumina 
per year. Another 560,000 ton plant is to 
be erected by the Onassis-Reynolds Metals 
Co. group. This plant will be half com- 
pleted by 1973 and fully completed by 
1978. 


Guinea.—Bauxite was shipped from 
operations on the Island of Tamara, off- 
shore from Conakry, to the Harvey alumina 
plant in the Virgin Islands.“ 

In September the International Bank 
for Reconstruction and Development lent 
$64.5 million to the Government of Guinea 
to help develop the Boké deposit at San- 
garedi, northwest Guinea. The mining and 
processing facilities will be developed by 
the Compagnie des Bauxites de Guinée, 
owned 51 percent by Halco (Mining) Inc., 
a U.S. firm, and 49 percent by the Govern- 
ment of Guinea. Halco is a consortium of 
the American firms, Alcoa, 27 percent and 
Harvey, 20 percent; Alcan, 27 percent; 
Péchiney and Ugine Kuhlmann Société, 
France, 10 percent; Vereinigte Aluminium- 
Werke A.G., West Germany, 10 percent; 
and Montecatini Edison S.p.A., Italy, 6 
percent. 

A railway will be built from the mine 
site to the port of Kamsar 85 miles away. 
Facilities to be built at the port will handle 
8.8 million tons of bauxite per year. Initial 
production from the mine is slated for 
1972 at an annual rate of 5.2 million tons 
of bauxite and from the treatment plant, 
220,000 tons of calcined bauxite. Late in 
the year the U.S. Export-Import Bank lent 
the Compagnie des Bauxites de Guinée 
$25 million to finance purchases from the 
United States of bauxite mining, transport- 
ing, crushing, drying, calcining, and han- 
dling equipment. The U.S. Agency for 
International Development (AID) also will 
advance $21 million of local currency. 

Also late in the year, the Government 
agreed to allow Compagnie Internationale 
pour le Production de l'Alumine (Fria) to 
expand its bauxite mining and alumina 
refining operation, the latter from 580,000 
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to 770,000 tons annually by 1970. Share- 
holders in the firm are Olin Mathieson 
Chemical Corp., United States, 48.5 per- 
cent; Péchiney and Ugine Kuhlmann 
Société, 26.5 percent; Alusuisse, 10 percent; 
The British Aluminium Co. Ltd., 10 per- 
cent; and Vereinigte Aluminium-Werke 
A.G., 5 percent. 


Guyana.—Demerara Bauxite Company, 
Ltd., a subsidiary of Alcan, expanded its 
bauxite mining and calcining capacities.’ 
It was expected that rated capacity of the 
alumina plant could be increased 20 per- 


cent by 1971. 


Hungary. When it reaches full produc- 
tion capacity, the Halimba mine located 
in the Bakony Mountains, will have an 
output of about 660,000 tons per year, 
placing it ahead of the Gant mine in the 
Vertes area as Hungary's largest bauxite 
mining operation. 

At Almásfüzitő, the capacity of the 
country's largest alumina plant will be 
increased from 175,000 to 320,000 tons 
per year, when a new 500-ton-per-day cal- 
cining kiln is fully operational. The new 
kiln is 4½ times as large as the existing 
units. 


India.—An alumina plant, part of an 
integrated smelter project, was being built 
south of Bombay by Indian Aluminium 
Co., Ltd., a subsidiary of Alcan.® 

Indian reserves of bauxite of all grades 
were estimated at 304 million tons, of 
which 80 to 85 million tons are regarded 
as of high grade — containing over 50 per- 
cent alumina.” Reserves of the higher grade 
bauxite are listed below by State. 


State Million tons 
Madhya Prades . 19.8 
TOS oe ie coo bee 8 14.2 
Jammu and Kashmir 14.3 
UI ID MEHREREN UMEN, 14.0 
Mabharasbhtea 2000an 11.7 
ad ra. 4.4 
Mysore--_..._.... .. y eee 1.3 
Oris ll . banah 0.8 
OUR 1 u; ⁰˙ A ELE Lc 80.0 

9 Harvey Aluminum (Incorporated). Annual 


5 for the Fiscal Lear Ended Sept. 30, 1968. 
DD. 

7 Work cited in footnote 4. 

8 Work cited in footnote 4. 

® Pande, P.C. A Note on the Bauxite Deposits 
of India. J. Mines, Metals and Fuels, v. 16, No. 4, 
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Currently bauxite production comes from 
the States of Bihar, Gujarat, Madhya 
Pradesh, Madras, Maharashtra, and 
Mysore. Recent discoveries include addi- 
tional deposits in Gujarat and sizable de- 
posits in Kerala State. Bauxite supplies 
for Indian metal producers come from the 
Ranchi area in Bihar and from the Amar- 
kantak area in Madhya Pradesh, where 
the Hindustan Aluminium Corp. Ltd., a 
venture of Kaiser and the Birla group of 
industries in India, operates fully mechan- 
ized mines. At the Bagru Hill mine near 
Ranchi in the Lohardaga area, Indian 
Aluminium Co. Ltd. is converting to 
mechanized mining methods. Mining meth- 
ods used in the Shevaroy Hills, Salem Dis- 
trict, Madras, to obtain ore for Madras 
Aluminium Co. Ltd. and those used at the 
Ranchi area mines in Bihar owned by 
Aluminium Corp. of India Ltd. were still 
rather primitive. 

India probably will have trouble in the 
near future exporting bauxite to foreign 
users because of inefficient land transporta- 
tion and port facilities which raise the 
price of Indian bauxite. 

Large reserves in the Kutch and 
Jamnagar districts of Gujarat State on the 
west coast, led the Gujarat Mineral Devel- 
opment Corp. to announce it will establish 
an alumina plant, with a capacity of 165, 
000 tons per year. An alumina plant, with 
an annual capacity of 220,000 tons, was 
being built at Korba, Madhya Pradesh, 
with Hungarian aid. Also, another smaller 
(55,000-ton) alumina plant project, to be 
erected at Ratnagiri, West Bombay, with 
Hungarian financial assistance, was ap- 
proved by the Indian Finance Ministry and 
the Planning Commission. 


Indonesia.—At yearend, after being 
stalled by tax difficulties, the Government 
and Alcoa neared signing a contract to 
give Alcoa a large prospecting area for 
bauxite in and around Sumatra and south- 
east Celebes. In addition, if feasible, an 
alumina plant would be built on Sumatra. 

Three Japanese aluminum companies— 
NKK, Sumitomo Chemical Co. Ltd., and 
Showa Denko KK—obtained permission 
from the Government to explore for baux- 
ite for 2 years on the island of Bintan. 
If at least 40 million tons of low-grade 
bauxite is found, the firms will build an 
alumina plant. 
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Italy —Eurallumina S.p.A., owned by 
Alsar S.p.A., Comalco, and Metallgesell- 
schaft A.G., planned to build and operate 
an alumina plant in the Sulcis-Iglesiente 
industrial zone in Sardinia. The plant, with 
an initial capacity of 670,000 tons but 
ultimately enlargeable to 2.2 million tons, 
will be adjacent to the 112,000-tons-per- 
year primary aluminum plant now being 
built by Alsar, which is owned by the State 
Industrial Holding Company (E.F.I.M.), 
Montecatini Edison S.p.A., and the Société 
Traction et Electricité. The alumina plant, 
scheduled for completion in late 1971, will 
use Australian bauxite supplied by 
Comalco’s parent companies. 


Jamaica.—In the southwest part of the 
country, Revere Jamaica Alumina, Ltd., a 
subsidiary of Revere Copper and Brass 
Inc., acquired land for mining bauxite and 
installing a 220,000-ton alumina plant, to 
be completed in 1971. Reserves in the area 
are expected to be sufficient for 40 years. 
Later the plant will be enlarged, in two 
stages, to 440,000 and 660,000 tons annual 
capacity.“ 

Three companies Reynolds Jamaica 
Alumina Ltd. Kaiser Jamacia Corp., and 
Anaconda Jamaica Inc., —participated in 
the $175 million, 950,000 ton- capacity 
Alumina Partners of Jamacia (Alpart) 
alumina plant, in St. Elizabeth's Parish 
near the south coast, which was scheduled 
to be on-stream in mid- 1969. Alcan Jamaica 
Limited completed expansion of its annual 
alumina capacity to 1.225 million tons.” 

By 1971, Alcoa Minerals of Jamaica, 
Inc., a wholly owned subsidiary of Alcoa, 
will build, own, and operate a 440,000- 
ton-per-year alumina plant at Woodside, 
Clarendon Parish. Eventually the plant 
size will be doubled. Alcoa signed an agree- 
ment with the Government of Jamaica for 
additional mining leases to provide a re- 
serve supply of bauxite for the plant’s 
operation. | 


Japan, NIT EK. owned 50 percent by 
Alcan, expanded its alumina plant at 
Shimizu and started building another 350,- 
000 ton per year plant at Tomakomai on 
Hokkaido.” 

Early in the year, Showa Denko K.K. 
decided to raise the annual capacity of its 


10 Revere Copper and Brass Incorporated. 
Annual Report 1968. Mar. 28, 1969, 28 pp. 

u Work cited in footnote 4. I 

12 Work cited in footnote 4. 
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Yokohama alumina plant from 220,000 to 
480,000 tons and at yearend announced 
plans for a further expansion to 550,000 
tons. Also, by the end of 1968, Sumitomo 
Chemical Co. Ltd. had expanded the an- 
nual capacity of its Kikumoto alumina 
plant to 440,000 tons. 


Malagasy Republic.—Exploratory rights 
until 1970 were awarded by the Malagasy 
Government to Péchiney. Subsequently the 
French firm located major concentrations 
of bauxite in the Manantenina area near 
Fort Dauphin in the south of the country 
and also in an area stretching 300 kilo- 
meters between Vangaindrano and Fort 
Dauphin. 


Rumania.—The annual capacity of the 
Oradea alumina plant was being raised to 
224,000 tons to supply the Slatina alumi- 
num smelter on the river Olt which is 
raising its annual capacity to 112,000 tons. 


Surinam.—The alumina plant at Para- 
nam, operated by Suriname Aluminum 
Co. (Suralco), added a fifth refining unit 
making the facility the world’s largest 
alumina plant, with a yearly capacity of 
1.25 million tons.“ 

A consortium comprised of Suralco; N.V. 
Billiton Maatschappij Suriname, a sub- 
sidiary of N.V. Billiton Maatschappij of 
the Netherlands; Alcan; and Ormet Corp., 
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a joint venture of Olin Mathieson Chemi- 
cal Corp. and Revere Copper and Brass 
Inc., concluded an agreement with the 
Government for exploration in western 
Surinam. Pending successful exploration, 
a mining license will be granted if the 
consortium agrees to build and operate 
an alumina plant of at least 450,000 to 
560,000 tons annual capacity. It was re- 
ported also that the Kabalebo Joint Ven- 
ture, consisting of Kaiser Aluminum & 
Chemical Corp. and Péchiney, had agreed 
with the Surinam Government on the basic 
points for a bauxite exploration and mining 
concession in western Surinam. 


United Arab Republic.—Reserves esti- 
mated at 60 million tons of bauxite were 
located in the Gebel Abu Churuk region 
of the Eastern Desert of Egypt. 


United Kingdom.—The Refractories and 
Electronics Division, Carborundum Ltd., 
announced that a new factory for manu- 
facturing oxide refractories was being built 
at Rainford, Lancashire. Products will in- 
clude abrasion resistant aluminum oxide 
compositions, high-purity aluminum oxide 
compositions, and mullite compositions. 


Yugoslavia.— The Government-owned alu- 
mina concern planned to install a 220,000- 
ton-per-year alumina plant at its facilities 
in Mostar, Bosnia-Hercegovina by 1970. 


TECHNOLOGY 


Research on the optimum recovery of 
alumina from processed red mud centered 
on using batch and continuous centrifuges 
to increase the solids content of the mud 
from the range of 20 to 25 percent up to 
about 40 percent.“ A clear effluent, con- 
taining a substantial quantity of dissolved 
alumina and soda which was recovered, 
has potential for recycling to the alumina 
plant. A cost analysis was made for a pro- 
posed plant handling 16,000 tons of red 
mud daily. 

Efforts to find technically feasible proc- 
esses for treating low-grade aluminous mate- 
rials for their alumina content continued. 
Some of this consisted of developing and 
evaluating techniques on materials such 
as anorthosite, clay, and low-grade baux- 
ites. Anorthosite, treated with soda ash and 
limestone, formed a sinter which was 
leached with dilute sodium carbonate solu- 


tion. The sodium aluminate formed during 
leaching was separated from the residue 
and treated with lime in autoclaves to 
remove dissolved silica. Then the alumina 
trihydrate was precipitated with carbon 
dioxide and calcined to alpha alumina.“ 
A 1,000-ton-per-day alumina plant, using 
dry grinding in the sintering step, could 
produce alumina at an estimated cost of 
$75.40-per-ton, when $2.50-per-ton anor- 
thosite and $1-per-ton limestone are the 
raw materials. Wet grinding would cost 
about $1 per ton less. Currently, however, 
the method is not competitive with the 


13 Aluminum Company of America. 
Annual Report. Feb. 20, 1969, 32 pp. 

14 Good, Philip C., and O. C. Fursman. Centrif- 
ugal Dewatering of Jamaican Red Mud. Bu- 
Mines Rept. of Inv. 7140, June 1968, 10 pp. 

16 Johnson, Paul W., and Frank A. Peters. 
Methods for Producing Alumina from Anorthosite. 
An Evaluation of a Lime-Soda Sinter Process. 
BuMines Rept. of Inv. 7068, January 1968, 42 pp. 
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Bayer process for treating bauxite to pro- 
duce alumina. Also, siliceous, titaniferous, 
and ferruginous bauxites were smelted with 
coke and lime in an electric-arc furnace 
to produce calcium aluminate slags which 
were then treated with sodium carbonate 
solution.“ Over 90 percent alumina was 
recoverable when the slags were of properly 
controlled ternary phase composition cooled 
slowly enough to permit adequate crystalli- 
zation of several phases, including the 
calcium aluminate compounds. Bureau 
scientists also estimated that waste solu- 
tions from domestic copper leaching plants, 
from clay processing and uranium plants, 
and in acid drainage from certain iron and 
coal mines contain thousands of tons of 
alumina which are discarded daily.” Initial 
laboratory tests using solvent extraction 
show that alumina could be recovered 
from copper mine waste water for $51 
to $58 per ton compared with an average 
of about $56 per ton of imported Bayer 
process alumina. In a method used in the 
Nowiny cement works in Poland, alumina 
production coupled with that of cement 
is claimed to reduce the oxide price by 
25 percent and to increase the output of 
the cement kilns by about two percent.“ 
The feed material for this plant consists of 
waste carbon shales mixed with limestone, 
which are sintered in a rotary coal-dust 
fired cement kiln with the main sinter 
ingredients being calcium orthosilicate and 
clay and calcium minerals. Subsequently, 
in cooling, the orthosilicate, containing 
calcium aluminates, decomposes, and after 
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a series of dissolutions, decantings, and 
desilications, aluminum hydroxide is sepa- 
rated and calcined to alumina. 

A technically satisfactory calcination 
process for Alabama bauxite (mixtures of 
gibbsite and kaolinite) using existing equip- 
ment was established.” Large-scale experi- 
ments were conducted in a plant designed 
for calcining refractory clay with firing 
temperatures up to 3,000° F and a 1 hour 
retention time in the kiln. 

The value of alumina in ceramic bodies 
continued to be extended by research. 
Combined quenching (thermal condition- 
ing) and glazing with low-expansion glazes 
made possible unusually strong alumina 
bodies.” It was necessary to use the finest 
crystalline, fully ground alumina in making 
a 99.8 percent alumina grinding ball which 
possesses maximum density and abrasion 
resistance.” 


16 Fursman, Oliver C., Henry E. Blake, Jr., and 
James E. Mauser. Recovery of Alumina and Iron 
from Pacific Northwest Bauxites by the Peder- 
sen Process. BuMines Rept. of Inv. 7079, February 
1968, 22 pp. 

17 Secondary Raw Materials. Mineral Wastes 
May Be Source of Alumina. V. 6, No. 3, March 
1968, p. 9. 

18 Alumina Without Bauxite. Mining Magazine. 
V. 119, No. 2, August 1968, p. 118. 

19 Bakker, Walter T. General Refractories Re- 
search Project Reveals Hi Grade Domestic 
Bauxite. Brick & Clay Record, v. 158, No. 2, 
August 1968, pp. 24—26. 

20 Kirchner, H. P., R. M. Gruver, and R. E. 
Walker. Strengthening Alumina by Glazing and 
Quenching. Am. Ceram. Soc. Bull. v. 47, No. 9, 
September 1968, pp. 798—802. 

2 Pearson, Alan, J. E. Marhanka, George 
MacZura, and LeRoy D. Hart. Dense, Abrasion- 
Resistant 99.8% , Alumina Ceramic. Am. Ceram. 
Soc. Bull, v. 47, No. 7, July 1968, pp. 654—658. 
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Beryllium 


By Henry C. Meeves! 


World production and U.S. imports of 
beryl decreased in 1968, while U.S. con- 
sumption increased. Domestic output of 
beryl remained at a low level. Progress con- 
tinued on The Brush Beryllium Co.’s new 
facilities in Utah, which are projected to 
be on stream in mid-1969. 


Legislation and Government Programs.— 
Government inventories of beryl ore de- 
creased by 4,076 short tons, while inven- 
tories of beryllium metal increased by 27 


short tons. Congress approved the release 
of 9,888 short tons of beryl, of which 
4,000 are to be sold prior to June 30, 1969, 
and the remainder prior to June 30, 1971. 
Slightly more than 1,500 short tons (16,857 
short-ton units of beryllium oxide) were 
sold in September to The Brush Beryllium 
Co., C. Tennant & Sons Co., and Metal- 
lurg Inc. Bids were opened in December 
for the sale of an additional 1,500 short 
tons. 


DOMESTIC PRODUCTION 


Hand-sorted beryl was produced in 
Colorado, New Mexico, and South Dakota. 
Individual company data are confidential, 


but the reported total output was small. 


1 Mining engineer, Denver Office of Mineral 
Resources, Denver, Colo. 


Table 1.—Salient beryl statistics 


1964 1965 1966 1967 1968 
United States: Beryl, approximately 11 percent BeO 
unless otherwise stated: 
Domestic beryl shipped from mines.....short tons W W W W 168 
per 8 do.... 5, 425 7,791 2,147 9,511 82 
Consumptioůonnn n do.... 4,485 5,845 6,026 7,087 8,719 
Price, approximate, per unit BeO imported, cobbed 
beryl at port of exportation $28 $24 $25 $30 $34 
World: Production......................-- short tons.. 4,916 6,128 4,549 5,428 6,116 
W Withheld to avoid disclosing individual company confidential data. 
Table 2.—Government yearend stocks of beryllium materials 
(Short tons) 
National Supplemental Commodity 
Material stockpile stockpile Credit All stocks 
| Corporation 
Beryl (11 percent BeO): 
Objective - 18,622 159 99ͤöo 8 15.215 
Jùn»»i»in„in.!. ese cet eee e su ,40 488888 ——o—?— 11,972 
dk EEN 21,026 r eee 27,187 
— ——MM——————————— ÁÀÀÀ— 
Beryllium-copper master alloy: 
Ji: ³ꝛo ² d ⅛ HK 4, 750 
Excess (2) CO NEE () 
Total cessen ³ . dw 1,075 6 312 J. uuu u. 222 7,887 
Beryllium metal 
Ee, ae Sees 150 8 150 
EXCONÜ. c.l o cam w! ⁰ʒ y lute uns 75 4 79 
Mõõĩõĩ¹.wmA.A..rr ³ðK 8 225 4 229 
Of Order z; L uu ³ T cee. A ³ ce 25 25 


1 No excess shown in this commodity due to a deficit in copper. 
Source: Office of Emergency Planning. Supplemental Stockpile Report to the Congress. OEP-4, July- 


December 1968. 
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Kawecki Berylco Industries, Inc. with 
plants in Reading, Hazleton, and Boyer- 
town, Pa., and The Brush Beryllium Co. of 
Elmore, Ohio, processed imported, hand- 
sorted beryl into beryllium metal, alloys, 
and compounds. Outputs were principally 
beryllium and beryllium- copper master 
alloys. Kawecki Berylco Industries Inc. re- 
sulted from the merger in October of The 
Beryllium Corp. (Berylco) and Kawecki 
Chemical Co. The Brush Beryllium Co. 
completed stripping of 1.75 million cubic 
yards at its Spor Mountain, Utah, property 
in November. The company’s new $9 million 
processing facilities were approximately 50 
percent complete by yearend and are ex- 
pected to be on stream by mid-1969. The 
company was awarded the initial Lockheed 
contract to supply rough-machined beryl- 
lium parts that will be fabricated into a 
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heat sink for the U.S. Navy’s Poseidon 
missile program; the contract totaled $14 
million. Lockheed also announced a $3 
million contract to Berylco in September 
to develop and supply beryllium parts for 
the Poseidon program. The Anaconda Com- 
pany continued development work and 
utilization studies on property south of 
Brush’s open pit mine, located on the west 
side of Spor mountain 50 miles northwest 
of Delta, Utah. General Astrometals Corp., 
Yonkers, N.Y., a subsidiary of Anaconda, 
continued to produce beryllium shapes from 
various types of beryllium. Beryllium Metals 
& Chemicals Corp., a subsidiary of Lithium 
Corporation of America, Inc., continued 
to produce and fabricate electrorefined 
beryllium. At yearend the company was 
studying the market with a view to shutting 
down its operation. 


CONSUMPTION AND USES 


Consumption of hand-cobbed beryl by 
the beryllium and ceramic industries 
totaled 8,719 short tons, an increase of 1, 600 
tons over that of 1967. Kawecki Berylco 
Industries and The Brush Berylium Co. 
were the largest consumers. Beryl Ores 
Co., Arvada, Colo., purchased cobbed 
beryl to produce specialized materials for 
the ceramic and other industries. Ground 
beryl was used by Lapp Insulator Co., 
Le Roy, N.Y., in making high-voltage 
electrical porcelain. The Ceramic Division, 
Champion Spark Plug Co., Detroit, Mich., 
used cobbed beryl as a minor constitutent 
in special ceramic compositions, principally 
for spark plugs. 

The bulk of the increase in consumption 
probably reflected the processing of ore to 
in—process—inventory in anticipation of 
larger requirements in the near future. 

Beryllium was used extensively in re- 
search and development, mainly by aero- 
space designers and developers, because of 


weight ratio, and nuclear properties. 
Development and evaluation progressed 
further in the use of beryllium in struc- 
tural components, aircraft brakes and 
rudders, missile parts, jet engine parts, 
inertial guidance systems, and rocket-fuel 
additives; however, there has been only 
sporadic use in nuclear applications be- 
cause of high costs. 

Beryllium-ccpper alloys are the principal 
support of the beryllium industry. The 
alloys, well known for their outstanding 
strength and thermal and electrical con- 
ductivity, had thousands of uses in busi- 
ness machines, electronic devices, com- 
puters, automobiles, aircraft, household 
appliances, boats, and spacecraft. Research 
continued in beryllium alloying for the 
purpose of increasing ductility and die 
life. One application, plating beryllium- 
nickel strip with cadmium, increased die 
life 900 percent. 

Greater applications of beryllium oxide 


its low density, high modulus of elasticity, in electronics and ceramics are being 
high-heat capacity, unique  stiffness-to- considered. 
STOCKS 


Consumers’ stocks of beryl at yearend 
totaled 6,390 short tons. Dealers’ stocks 


were unknown. 


PRICES AND SPECIFICATIONS 


Prices of domestic and imported beryl 
were negotiated between buyers and 
sellers, and not quoted in the trade 


press. The average price of imported 
beryl at foreign ports was $370 per short 
ton. Quoted prices for beryllium metal, 


BERYLLIUM 


powder blend, and vacuum-cast ingot re- 
mained unchanged in 1968. Three major 
changes in the price of beryllium-copper 
occurred during the year, and by yearend, 
beryllium-copper master alloy, f.o.b. Read- 
ing, Pa., Detroit, Mich., and Elmore, Ohio, 
was quoted at $48 per pound of contained 
beryllium, with the copper content priced 


FOREIGN 


Exports of various forms of beryllium 
and beryllium-base alloys increased 23 per- 
cent over those of 1967, mostly because of 
greatly increased exports to West Germany 
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as of shipment date. Beryllium-copper (No. 
172) strip, rod, bar, and wire were quoted 
at $2.72 per pound. Throughout the year 
beryllium-aluminum was quoted in Ameri- 
can Metal Market at $62 per pound of 
contained beryllium, with the aluminum 
content priced at current market levels. 


TRADE 


and the United Kingdom. For the first 
time since 1963 imports of beryllium metal 
from France declined. 


Table 3.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap ' 


Country 


F duae 8 
Canada 
France 


nited Kingdom. ............................ 
Vendee 


1967 1968 

Pounds Value Pounds Value 

(thousands) (thousands) 

5 3 Dude ami 8 

1 „„ kde ec Sus 
F 51 31 
28,029 $97 2,278 102 
,926 83 915 65 
24,538 107 55,994 208 

089 . 7 ⁊ AA A xd E 
EEN 804 1 
F777 2 (2) 

55 4 12 1 
6,356 181 6,162 124 
2,222 2 1,040 .1 

25 4 48 1 

335 d mund 22 1 

10 d. lucide LE. 

17,516 96 26,652 117 
ff.... d d a2 
76,117 580 93,475 622 


1 Consisting of beryllium lumps, single crystals, and powder; beryllium- base alloy powder; and beryllium 


rods, sheets, and wire. 
2 Less than Le unit. 
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Table 4.—U.S. imports for consumption of beryl, by customs district and countries 


1967 1968 
Customs district and country 
Short tons Value Short tons Value 
(thousands) (thousands) 
Philadelphia district: 
Argentini- ee ec Zulu st e 813 $101 549 $214 
A ⁵ðVi ð 414 140 124 53 
eh , ß e , Ere E E 15 5 
Brazil o2 y y ee Co ber 1,173 388 1,600 579 
Burundi and Rwanda 100 24 176 60 
hh y eto wets oe 1,500 77/7 eee ladexaesmedes 
Italy... ste ee Ao ee 1,316 ANS iue eR 8 
ER 83 9 56 12 
Malagasy Republic....................- 12 4 52 16 
Mosambtoue -2-2-2-0 141 43 140 88 
Ferrer 8 15 5 67 29 
Rhodesia, Southern 47 14 97 32 
Su Africa, Republic of 197 68 859 181 
pon EE 23 7 
ee ß reaa S 235 62 398 129 
/ ð³VS/ſ/ y cmd ss 3 1 
Total. ³·¹¹¹wÜAUͤ̃̃ ⁰³¹i¹wm ⁰ ce Loca 5,496 1,750 3,659 1,856 
New York City district 
%%%, ifr oe, hae apie $1 11 
7 ee b ABs dE 58 19 99 84 
Burundi and Rwanda..................- 44 s E. E ees cim LE 
/ EES 88 12 
f/ ũ ̃ ̃ T EE 97 32 163 57 
Baltimore district 
ve AT tee 8,907 // ·oAA A hues 
NC ²˙²⁴.l.;ꝛ = Ee h d eueeee ee 
11!!! ³¹¹¹ Z cece 3,917 L:B8D EE 
El Paso district: Zambia... codec caw (l. fees eee. ͤ ⁰ EE A 
Grand total... 9,511 8,167 8,822 1,418 


1 Less than 14 unit. 


Table 5. U.S. imports of beryllium products in 1968, by countries 


Beryllium, unwrought, 


Beryllium, wrought 
waste and scrap 


Country 
Pounds Value Pounds Value 

(thousands) thousands 
Frasnce--.2 de ³ A e 11,658 $746 2 $1 
Indit iui eA %⅛Ä˙wuw-w-w. EEN 1,231 „„ EEN 
JJ ³˙¹¹àà uuu uuu eu cud Qa ee ees 603 11 8 1 
United Kingdom- EE 473 WEEN 
Ota EEN 18,965 841 10 2 

WORLD REVIEW 
India.—The government classifies beryl pegmatitic deposits in Rajasthan and 


as a mineral strategic to its national de- 
fense, thus placing production and related 
statistics under control of the Department 
of Atomic Energy. This agency does not 
report production data. Official trade 
statistics list beryl as an export commodity, 
but quantity and value are not shown. 
Beryl is known to occur in pegmatite 
intrusives in Rajasthan, Bihar, Andhra 
Pradesh, Madras, Mysore, Madhya Pradesh, 
and Himachal Pradesh, and in non- 


Gujarat. The only deposits of economic 
importance have been pegmatitic, particu- 
larly those in Rajasthan and Bihar. 

Although it has been generally believed 
that Indian beryl is a byproduct of mica 
mining, this source accounts for only a 
small proportion of the total recoveries. 
The quantities recovered from individual 
mines are small, but the number of impor- 
tant, known deposits is large. Beryl in 
these deposits is mined by private operators, 
using open-pit, hand methods. 
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Table 6.—World production of beryl, by countries 


(Short tons) 

Country 1964 1965 1966 1967 1968 » 
Argentina- ß 90 ROLE 208 248 r 281 p 295 NA 
Australia... .. . ee 125 44 r 58 t 61 e 11 
Brazil... m2 mms 88 1,566 1,227 r 2878 1,444 2,291 
renee, (Kinshasa)..........-.-....-.....-- r 186 2222 S 
tlm dc oP c M neg wk EE iE r NA r 2,001 r 1,466 r 1, 438 e 1,433 
Ma Republica 234 22 13 38 85 
e EENEG 1422 1242 88 186 104 
| np EN HM -•P RN, 20 44 r 18 r 15 e 100 
Rhode ia, Southern... -2-2-22 182 2101 r 272 247 NA 
. EE 828 756 147 120 $1 
South Africa, Republic off 151 r 46 r 28 r 116 240 
South-West Africa 8 57 24 NA NA 
da cor c te ca A ee an sa 494 212 273 344 e 330 
ILS. EEN 1,102 1,102 1,213 1,828 1,328 

United States mane shipments): 
Cobbed beryl............-........-... W W W W 168 
M ³o· A dr r 4,916 r 6, 128 r 4, 549 r 5, 423 6,116 


e Estimate. P Preliminary. r Revised. 
individual company confidential data. 

1 Exports. 

? U.S. imports. 


NA Not available. 


W Withheld to avoid disclosing 


3 Data for 1965-67 are exports to United States as reported by Indian Department of Atomic Energy. 


* Cobbed concentrates at about 11 percent BeO. 
s Totals are of listed figures only. 


The Geological Survey of India and the 
Department of Atomic Energy have been 
conducting extensive surveys for several 


Accelerated exploration efforts and recom- 
mendations to extend open pits to depths 
beyond 200 feet indicate that programs 


years in known beryl-bearing areas. A to increase reserves, conserve resources, 
recent project was undertaken to locate and improve mining methods are in 
new deposits and assist mine operators. progress. 

TECHNOLOGY 


Geochemical studies of stream sediments, 
soils, and rocks have detected patterns in 
the distribution of beryllium, tin, copper, 
and lead in the Lake George, Colo., area.“ 

A study was initiated by the U.S. 
Department of Health, Education, and Wel- 
fare, Environmental Control Administra- 
tion, on the potential danger of pulmonary 
berylliosis. 

The effects of mechanical behavior, pres- 
sure-cycling, and tensile prestraining were 
investigated, using hydrostatic pressure up 
to 400 kips per square inch at 25° 
to 300* C on hot-pressed block, extruded 
rod, and cross-rolled sheet. For all three 
materials the ductility increased with pres- 
sure, whereas the flow stress did not appear 


to be significantly influenced by pressure. 
An increase in yield strength generally 
occurred with pressure-cycling or prestrain- 
ing under pressure, with no change or a 
decrease in ductility. The effects of pres- 
sure-cycling and prestraining were rela- 
üvely independent of the temperature at 
which the investigation was conducted.* 


2 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 10, October 1968, pp. 6-7. 

3 Hawley, C. C., and W. R. Griffitts. Distribu- 
tion of Berylium, Tin, and Tungsten in the 
Lake George Area, Colorado. U.S. Geol. Survey 
Circ. 597, 1968, 18 pp. 

t Inoue, N., V. Damiano, J. Hanafee, and H. 
Conrad. Effects of Hydrostatic Pressure on the 
Mechanical Behavior of Polycrystalline Beryllium. 
Trans. Metallurgical Soc. AIME, v. 242, No. 10, 
October 1968, pp. 2081-2089. 
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Bismuth 


By Harold J. Schroeder ! 


The domestic bismuth industry in 1968 
experienced reduced consumption accom- 
panied by a strike-curtailed primary output 
during the early part of the year, decreased 
imports, significant sales of Government 
surplus stockpiled bismuth, and a draw- 
down of industrial stocks. The year ended 
with the U.S. supply and demand about in 


balance but with stocks at a low level both 
here and in Europe, leading to reported 
premiums being paid above producer quotes 
in Europe. With no apparent new sources 
of bismuth supply, the 1969 availability of 
bismuth from producers may fall short of 
demand and accelerate sale of Government 
surplus stockpile bismuth. 


Table 1.—Salient bismuth statistics 


(Pounds) 
1964 1965 1966 1967 1968 
United States: 
Consumption 2,160,100 2,931,673 3,199,321 2,518,652 2,347,768 
Exports lll. 61,299 341, 868 „38 52, 684 120, 466 
Imports, general...................- 1,238,252 1,378,147 1,681,472 1,379,729 1,265,671 
Price: New Vork, average ton lots $2.30 $3.43 $4.00 $4.00 $4.00 
Stocks Dec. 31: Consumer and dealer 656,900 506,300 651,800 659,600 621,500 
World: Production 6,375,667 6,525,000 6,859,244 7,630,341 7,589,000 


1 Includes bismuth, bismuth alloys, and waste and scrap. 


Legislation and Government Programs.— 
The General Services Administration in 
accord with legislation enacted November 
30, 1967, to dispose of 1.2 million pounds 
of surplus bismuth, established a program 
to make available for sale 300,000 pounds 
for the period through March 21, 1968, and 
150,000 pounds for each calendar quarter 
thereafter. The bismuth was priced at $4 
per pound in 1-ton lots, f.o.b. destination 
within the continental United States, ex- 
cluding Alaska. Sales during 1968 totaled 
314,000 pounds with 81,500 pounds during 


the first quarter, 146,000 pounds during the 
second quarter, 54,000 pounds during the 
third quarter, and 32,500 pounds during 
the fourth quarter. At yearend 821,500 
pounds remained available for sale. 

Government stockpiles were reduced to 
3.41 million pounds and the surplus inven- 
tory to 1.01 million pounds, of which 
the Atomic Energy Commission has prior 
authorized withdrawal rights to 200,000 
pounds. The stockpile objective remained 
2.4 million pounds. 


DOMESTIC PRODUCTION 


Production from primary material in 
1968 declined about 24 percent, a continua- 
tion of the downward trend since 1965. 
Refining of primary bismuth was carried 
on at the East Chicago plant of the United 
States Smelting, Refining and Mining Co. 
and at the Omaha, Neb., plant of American 
Smelting and Refining Company (Asarco). 


Output at Asarco was curtailed during the 
first 4 months of the year owing to con- 
tinuation of a strike initiated in July 1967. 
Recovery of bismuth from scrap increased 
at the Franklin Park, Ill, plant of United 
Refining & Smelting Co. Fred H. Lenway 
& Co. and Southern California Chemical 


! Physical scientist, Division of Mineral Studies. 
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Inc., in a joint venture began production 
of bismuth from spent acrylonitrile catalyst 
in the third quarter of 1968 with initial 
processing at Texas City, Tex., and final 
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extraction at Los Nietas, Calif. The com- 
bined output of bismuth from primary 
and secondary sources declined about 21 
percent. 


CONSUMPTION AND USES 


Consumption of bismuth decreased 7 per- 
cent to 2.3 million pounds, the smallest 
quantity since 1964. The decline was almost 
entirely in the category of fusible alloys. 
The category of pharmaceuticals, which 
includes industrial and laboratory chemi- 
cals, remained unchanged. A factor in the 
industrial chemical consumption was the 
use of bismuth as a catalyst in the manu- 
facture of acrylonitrile fiber; this use grew 
to a peak in 1966, declined sharply in 1967, 
and leveled off in 1968. The leveling off 
was attributed in part to the completion of 
required stocks of the catalyst at certain 
plants and to the use of a spent uranium 
catalyst as a substitute. Another industrial 
bismuth chemical used to produce a pearl- 
escent quality to cosmetics, enamels, and 
other materials may have an increasing 
application, particularly in plastics. “Other 
alloys," which are predominantly metal- 


lurgical additives to aluminum, malleable 
iron, and special steels to improve machin- 
ability, had little change in consumption. 


Table 2.—Bismuth metal consumed in the 
United States, by uses 


(Pounds) 
Use 1967 1968 
Fusible alloys 1... 826,528 675,416 
Other alloys g- 456, 246 454, 519 
Pharmaceuticals 22 1,211,668 1,210,896 
E mental uses 9, 216 
Other uses 9,782 7,222 
dk su u; Z 2,518,652 2,847,768 


1 Includes 170,887 pounds of bismuth oT 

in bismuth-lead bullion used art im in the 

ren atten an end product in 1967 and 106.104 
oun 

š 3 Eier industrial and laboratory chemicals. 


STOCKS 


Stocks of bismuth metal held by con- 
sumers and dealers increased from 660,000 
pounds at the start of the year to a 
relatively high level of 797,000 pounds at 


the end of the third quarter and then 
were drawn to 621,500 pounds at yearend, 
the lowest yearend quantity since 1965. 
Metal stocks at domestic producers declined 
slightly to a very low operating level. 


PRICES 


The delivered price of refined bismuth 
metal, as quoted by Metals Week (New 
York), was stable at $4 per pound in 1-ton 
lots, effective June 21, 1965. The London 
Metal Bulletin also quoted $4 per pound 
(U.S. equivalent) in ton lots throughout 


the year. Dealer or merchant prices in the 
United States and Europe were reported 
to correspond with producer quotes except 
for late in 1968 when, in Europe, premiums 
above the producer price developed owing 
to reduced availability of bismuth. 


FOREIGN TRADE 


Exports of bismuth, predominantly in the 
form of alloys and compounds, decreased 
in 1968 to 120,466 pounds gross weight, 
valued at $292,000. Shipments were approx- 
imately 42 percent to the Netherlands, 32 
percent to the United Kingdom, 10 percent 
to Canada, and the remaining 14 percent 
largely to other European countries. 


Table 3.—U.S. exports of bismuth? 


Year weight Value 
(pounds) 
183 culos 89,382 $225 ,617 
4933 8 152, 684 395, 695 
1998 ce 120, 466 292, 245 


! Includes bismuth, bismuth alloys, and waste 
and scrap. 


BISMUTH 


Imports of metallic bismuth declined for 
the third successive year to 1.27 million 
pounds, smallest since 1964. The decline 
reflects a substantial reduction in deliveries 
of bismuth from Peru which more than off- 
set increased imports from Canada, Mexico, 
and Japan. 

Bismuth alloys were imported from 
Canada, Mexico, and Peru and amounted 
to 284,961 pounds of contained bismuth as 
general imports and 109,877 pounds as 
imports for consumption. In addition, bis- 
muth compounds containing 3,681 pounds 
of bismuth were imported from France and 
the United Kingdom. 


Table 4.—U.S. general imports 


Country 


Netherlands 
EE ee 


1 Less than 14 unit. 


WORLD 


World production of bismuth, excluding 
withheld data for the United States and 
several other countries, was 7.6 million 
pounds, approximately unchanged from 
that of 1967. Recovery of bismuth as a 
byproduct from commingled imported ores 
does not permit full recognition of the 
mined source and output is credited to the 
country smelting the ore. Consumption data 
are largely lacking except for the United 
States, which is apparently the largest 
consumer, followed by France, other Euro- 
pean countries, and Japan. 


Belgium.—Société Generale Metallur- 
gique de Hoboken has scheduled construc- 
tion during 1969 to enlarge bismuth re- 
covery facilities at their recently expanded 
lead refinery. 


Canada.—The Val d'Or, Quebec, molyb- 


= 
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International negotiations relating to the 
General Agreement on Tariff and Trade 
(GATT) consummated in 1967 revised 
duties on bismuth, effective on January 1, 
1968. The effective duty on bismuth metal 
was reduced from 17% percent ad valorem 
to 1 percent in 1968-69, 0.5 percent in 1970, 
and free thereafter. The duty on bismuth 
alloys was reduced from 18 percent to 16 
percent in 1968 and approximately 2 per- 
cent annually thereafter to 9 percent in 
1972. The applicable duty on compounds 
was reduced from 28 percent ad valorem 
to 25 percent in 1968 and further decreased 
annually to 14 percent in 1972. 


of metallic bismuth, by countries 


1967 1968 
Pounds Value Pounds Value 
(thousands) ‘thousands) 

64,829 $246 121,916 $479 

67,089 264 97,698 871 

29,69 116 4,485 17 

866,211 1,146 888,867 1,316 

1,877 (DU. gees Qcacse. S2 sz E 

850,083 8,400 658,260 2,535 

879,729 5,172 1,265, 671 4,718 
REVIEW 


denum-bismuth operation of Molybdenite 
Corporation of Canada Ltd. was closed to 
rebuild facilities destroyed in a fire that 
occurred October 23, 1967. Operations 
were scheduled to resume in November 
1968. Bismuth production continued to be 
derived from the molybdenum-bismuth 
mines of Anglo American Molybdenite 
Mining Corp. and Preissac Molybdenum 
Mines Ltd., the lead-zinc mines of Cominco 
and from the copper mine of Gaspé 
Copper Mines, Ltd. 


Japan.—The  bismuth-producing com- 
panies of Sumitomo Metal Mining Co. 
Ltd., Mitsui Mining and Smelting Co. Ltd., 
and Nippon Mining Co. Ltd. were striving 
to increase output in response to growing 
demand reportedly reaching about 70 tons 
per month during August and September. 
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Table 5.—World production of bismuth, by countries 


(Pounds) 
Country ? 1964 1965 1966 1967 1968 P 
Australia (in concentrate)........ .........  .........-- 716 e 132,276 

Bolivia: k m ae 599,865 r 598, 780 r 990, 564 1,107,203 1, 235, 000 
Canada (metal) 399, 958 428, 759 525, 659 68, 468 40, 000 
China, mainland (in ore) _ ` 660,000 660,000 660,000 660,000 ,000 
nce (in ore) ) 152,100 184,500 129,452 127,867 132,000 
Italy (metal) )) 2,2 8,800 26, 500 83,000 NA 
Japan (metal) 1,115,611 1,347,183 1,213,513 1,398,565 1, 549, 000 
Korea, South (metal r 291,007 r 178,578 r 216,051 42, 506 e 216,000 
Mexico EE r 1,102,800 11,025,139 11,036,162 1,111,118 1, 146, 000 

Mozambique PCC r 17,6 E 13,22 4,1 N. 
, oi ota 1,628,514 1,780,503 1,674,261 1,754,033 1, 790, 000 
South-West Africa (in ore) 3,131 88 NA NA 
Spain (metal) ..................- 1 309 NA 97 NA 
„ anaana 150, 000 77,200 77,200 66,100 NA 
U.S.S.R. (metal) pace 65,000 77, 000 77, 000 88,000 88,000 
United States. W W W 
Yugoslavia (metal)............-- 184,660 194,638 228 , 546 236 ,928 243, 000 
Totals .. r 6,875,667 : 6,525,000 76,859,244 7,630,341 7,589, 000 

* Estimate. P Preliminary. r Revised. NA Not available. 


W Withheld to avoid disclosing individual company confidential data. 


1 Compiled from data available April 1969. 
2In addition to countries listed, 


Argentina, Republic of South Africa and Uganda also produce bismuth in 


small quantities, and it is believed to be produced in Brazil, Bulgaria, and East Germany but production 


data for the latter countries are not available. 


3 Bismuth content of refined metal and bullion plus recoverable content of concentrates exported. 
4 Production of Monteponi-Montevecchio Co., probably including production from purchased and toll 


materials. 
$ Total i is of listed figures only. 


TECHNOLOGY 


Bismuth containing lead-zinc ore samples 
were included in an investigation of the 
use of an electron-probe scanning technique 
to quantitatively delineate rare phases of 
certain mineralogical associations.’ In this 
study the bismuth-bearing fragments oc- 
curred in a very irregular distribution 
suggesting formidable sampling problems. 


An article describes examples of unique 
applications of low melting bismuth alloys 
for various industrial purposes.? 


Basic research was reported on the deter- 
mination of physical properties for bismuth 
and bismuth-containing materials.‘ 


2 Gavrilovic, J., and M. P. Jones. Automatic 
Searching Unit for the Quantitative Location of 
Rare Phases by Electron-Probe X-Ray Micro- 
analysis. Trans. Inst. Min. & Met., Sec. B, v. 
77, No. 744, November 1968, p. B137. 

3 Darnell, Robert S. Low Melting Bismuth 
Alloys: Low Cost Problem Solvers. Materials 
Eng., v. 68, No. 7, December 1968, pp. 30-31. 

4 Cubicciotti, Daniel. Thermodynamic Prop- 
erties of Bismuth Trifluoride. J. Electrochem. 
SC v. 115, No. 11, November 1968, pp. 1138- 


Epstein, S. G. Electromigration of Cadmium 
and Indium in Liquid Bismuth. Trans. AIME, 
v. 239, No. 5, May 1967, PR 627—630. 


Bismuth Alloys. Trans. AIME, v. 242, No. 8, 
August 1968, pp. 1617-1521. 

Giessen, B. C., M. Morris, and N. J. Grant. 
Metastable Indium-Bismuth Phases Produced by 
Rapid Quenching. Trans. AIME, v. 239, No. 6, 
June 1967, pp. 883-889. 
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Boron 


By J. M. West! 


Output and consumption of boron min- 
erals reached new highs in 1968, continuing 
an uninterrupted rise from 1961. Supplies 
to domestic markets were tightened by a 
labor strike, by processing problems at the 
major producer’s facilities, and also by a 
general dock strike, which limited imports 
of borates, mainly Turkish colemanite. 
Despite these factors, production was essen- 
tially at maximum capacity. New uses con- 
tinued to be found for borates, including 
a compound for preserving wood; other 


increasing uses were in glass fiber and 
laundry products. Further progress was 
made in developing boron-fiber technology. 
Rio Tinto Zinc Corp. Ltd. acquired con- 
trol of United States Borax & Chemical 
Corp. during the year. 


Legislation and Government Programs.— 
Colemanite from the Government stockpile 
was being delivered on the basis of a 4- 
year contract signed in 1967. The pur- 
chase covered the entire Government stock. 


Table 1.—Salient boron minerals and compounds statistics in the United States 


(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
Sold or used by producers: 
Quantity: 
Gross weight... 776 807 866 955 1,026 
Boron oxide 4 425 462 496 5 
l“... E cec ed 2 us $60,871 $64,180 $68,209 $74,130 $79,827 
Imports for consumption: 
itt uD scena ndN E (2) 6 12 27 19 
)bico "OD $21 $279 $1,034 $1,201 $1,184 


1 Less than Le unit. 


DOMESTIC PRODUCTION 


U.S. production of boron minerals rose 
7 percent in quantity and 8 percent in 
value in 1968. Boron minerals were re- 
covered from bedded deposits by open-pit 
methods in Kern and Inyo Counties, Calif., 
and from brine solutions at Searles Lake, 
San Bernardino County, Calif. U.S. Borax 
& Chemical Corp.’s deposit at Boron in 
Kern County remained the world’s chief 
source of boron products. The company 
produced a purified crude borate and vari- 
ous other products at its Boron refinery 
and a variety of finished products at its 
Wilmington, Calif., operations, shipping 
these to many parts of the world. Several 
expansion projects were underway, includ- 
ing the installation of additional classifiers 
and replacement of mine haulage equip- 


ment at the Boron site. The company also 
mined a small tonnage of colemanite for 
the U.S. Atomic Energy Commission from 
properties in the Furnace Creek area of 
Inyo County. 

The only other producers of borates 
were American Potash & Chemical Corp. 
and Stauffer Chemical Co. at Searles Lake, 
Calif., where borax, potash, soda ash, 
sodium sulfate, and lithium and bromine 
salts were. among the chief products. A 
subsidiary of Occidental Petroleum Corp. 
reportedly acquired property surrounding 
Searles Lake in preparation for solution 
mining and open-pond evaporative process- 
ing of the brines. 


1 Physical scientist, San Francisco Office of 
Mineral Resources. 


217 


218 


MINERALS YEARBOOK, 1968 


CONSUMPTION AND USES 


Glass and glass fiber, laundry products, 
and porcelain enamels were mainly respon- 
sible for growth in the use of borates. 
About half of the total output of boron 
minerals went into these products, with 
the balance used for a wide variety of 
purposes such as flameproofing, mildew- 
proofing, agriculture, leather tanning, 
metallury, nuclear shielding, adhesives and 
glues, dental cements, herbicides, cosmetics, 
and pharmaceuticals. 

A borate compound for preserving wood 
was introduced, and a new boron additive 
for gasoline was said to reduce engine 


roughness and increase gasoline mileage 
by detergent action. Boron carbide was 
used as a bullet shield in vital parts 
of military aircraft and in protective 
vests. Boron filaments and epoxy and 
other composites were used increasingly 
in special high-performance products re- 
quiring strength, heat-resistance, and light 
weight. The costs of such materials were 
expected to fall somewhat as knowledge 
of fabrication methods improved. The use 
of borates for fighting forest fires and in 
sophisticated rocket fuels was generally 
abandoned because of toxicity. 


PRICES 


The price of all forms of borax, in bulk 
quantities rose during the year by $4.50 
to $4.75 per short ton or about 5 percent. 
Boric acid prices rose too, with the sharpest 
rise for the crystalline product. A $4-per- 
ton increase was posted in the price of 
granular boric acid in bags. Other prices 
remained unchanged. 


FOREIGN 


Exports of boric acid and refined sodium 
borates totaled 206,823 tons valued at 
$20.3 million, increases of 11 percent in 
tonnage and 9 percent in value over those 
of 1967. Shipments went to more than 34 
counties. Of the sodium borates, which 
comprised 82 percent of the total tonnage, 
33 percent went to the Netherlands and 
22 percent to Japan. Japan was the leading 
market for boric acid and bought 32 


Table 2.—Borate prices at yearend 


Dollar 
(per 
short 
ton) ! 
Borax, technical: 
Anhydrous, 99 percent: 
BUS 2l Loci A as Sus $97.50 
!!ͤ· c ei 8 92.7 
Granular, decahydrate, 99.5 percent: 
E 54.25 
Bl! 2 e ce sek a 50.85 
Granular, pentahydrate, 99.5 percent 
RUE 69.75 
Bulk: eeh 66.75 
Boric acid, technical: 2 
Anhydrous, 99.9 percent: Bags 825.00 
Crystals, 99.9 percent: 
B! AAA adsum Es 189.50 
Drüms..-.---———e 8 219.50 
Granular, 99.9 percent: 
J7JJJ)ö§öÜ 0 ³ AAA aue 106. 00 
III! A oes 127. 00 
f muu. Ee 96.00 
Sodium borate powder, U.S. P.: Bags 54. 


1 Carlots f. o. b. plant works. 
2 Boric acid U. S. P. $25 per ton higher than tech- 
nical grade, in bags. 


Source: Oil, Paint and Drug Reporter. 


TRADE 


percent of the total exported. In addition, 
undetermined quantities of unrefined so- 
dium borates were exported. 

Imports of boron compounds and metal 
in 1968 totaled 19,093 tons valued at 
$1.18 million. Crude calcium borate (cole- 
manite) from Turkey accounted for 18,959 
tons, or 99 percent, of this total, which 
was valued at $558,140, or only 47 per- 
cent of the total value. The United King- 


BORON 


Table 3.—U.S. exports of boric 
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acid and sodium borates, in 1968 


Boric acid (H3BO; content) Sodium borates (refined) 
Destination 
Short tons Value Short tons Value 
(thousands (thousands) 
üs ðàzNß1i haad 2,140 3252 4,105 $324 
Belgium- Luxembourg 54 44 
Brazil... g mr y 8 1,362 178 3,148 295 
r . cens 8,664 476 11,967 1,045 
on; m ste Sock eee 164 24 1,021 97 
Denmark. eessen SE 46 6 217 13 
l ³⁰˙ò⁶ꝛ— %r˙ v. d uuu 8 265 20 
Fl. fe oh oe uus 751 74 959 88 
Germany, West. -.----------------------- 4,699 432 1,978 170 
Hong Kong... y . . .. . 122 15 2,757 248 
Indonesia 6 1 289 18 
TT ieee oad gs 33 3 632 53 
lalh d eee ens 107 22 4,751 501 
IN 12,164 1,877 36,923 8,177 
Korea, South. ..........................- 14 17 2,098 125 
. EE 1,491 208 8,655 814 
Netherlands 5, 589 664 55, 640 5, 886 
ew Zealand... ......... . . lll LLL l.l .. 652 78 8,418 488 
NOWAY- u os oe ee ⁊ñ k e. 0k 8 218 15 
Pakistán S. ume cee 8 883 48 1,859 112 
OPO RUFEN y MN 267 32 500 44 
Philippines_____ e z ser ck 229 28 840 93 
Singapore... t 10 1 269 19 
South Africa, Republic of. 286 86 705 69 
BOSD eee eee ol eee td 97 22 932 96 
Swedlen-.--c-—— xà ut 8 294 28 8,028 258 
Switzerland 9 1 2,454 222 
Ji ³ð K m eee 193 22 2,055 149 
Thaland. 2. ee ake eee 83 11 728 68 
United Kingdom 2,052 200 7,526 668 
enezuea aaa 237 41 150 18 
Vietnam, South... . . . --------------- 50 6 1,520 91 
h ³hHGq 8 8,925 405 
OLhep- oo lec sc e a 8 661 98 2,777 278 
NEE 87,989 4,396 168,834 15,951 


dom supplied about 20 tons of crude 
sodium borate valued at $476 and 203 
pounds of other sodium borate valued at 
$2,190 was also imported. No boric acid 
was imported during the year. Boron car- 
bide imports totaled 227,486 pounds valued 
at $575,072, of which 127,220 pounds 


WORLD 


Netherlands.—Borax, N. V., the Euro- 
pean bulk-handling and storage arm of 
U.S. Borax & Chemical Corp. and Borax 
(Holdings) Ltd. expanded its Rotterdam 
facilities in 1968. Improvements included 
a new unloading crane, transfer equip- 
ment, and more storage space. 


Turkey.—Output of boron minerals and 
chemicals in 1968 totaled 293,100 tons 
valued at $7.39 million. Development con- 
tinued at borate deposits of Turk Borax, a 
subsidiary of Borax Consolidated owned 
by Borax (Holdings) Ltd. The properties 
are located in the Kirka area, about 35 


valued at $381,929 came from West 
Germany and 99,513 pounds valued at 
$182,377 came from Canada. Imports of 
boron metal, waste, and scrap totaled 938 
pounds valued at $48,278 and were largely 
from West Germany. 


REVIEW 


miles south of Eskisehir. Discovered in 
1963, the deposits, chiefly colemanite, are 
believed to have reserves of 0.5 to 1 billion 


tons, mostly minable by open-pit methods. 
With this and other developments, Turkish 


colemanite production was expected to 
expand, limited only by demand. The prin- 
cipal producer of boron minerals remained 
the public sector firm, Etibank, followed 
by the private firms, Turk Borax, Rasih 
ve Ihsan, and Hasmettin Yakal. 

Etibank’s new borax and boric acid plant 
at Bandirma was in operation, but the 
125,000-ton-per-year sulfuric acid plant, 
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planned as part of the complex, was yet 
to be constructed. The Turkish Govern- 
ment approved an application by Kemal, 
a combine of Ugine (France) and Ameri- 
can Potash & Chemical Corp., to mine 
and process colemanite-ulexite ores near 
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Bigadig. Turkey’s exports of boron min- 
erals and products in 1967 were valued 
at $5.84 million, about one-fifth higher than 
those in 1966. Further gains were expected 
in 1968. 


TECHNOLOGY 


A structural beam for aircraft was 
developed by a division of Boeing Co. 
utilizing boron-fiber-strengthened epoxy 
components for their superior stiffness, 
lightweight, and heat-resistant properties. 
The experimental work was related to 
design of the SST prototype. Trailing-edge 
wing panels for the U.S. Air Force F 111A 
aircraft were to be fabricated by General 
Dynamics Corp. using boron fiber tapes. 
General Electric Co. experimented on 
boron composites with alloys of titanium, 
aluminum, and vanadium for high- 
performance, turbine, aircraft engines.“ 
Hamilton Standard Division of United 
Aircraft Corp. contracted with the U.S. 
Air Force to supply 3,000 pounds of boron 
filament at a price of $251 per pound for 
use in experimental components. The com- 
pany also marketed a boron filament coated 
with silicon carbide which can be com- 
bined with aluminum to form a tape having 
unique qualities. A new gasoline additive, 
detergent boron, was marketed, and the 
supplier claimed that better performance 
would result through cleaner engine action.® 

Scientists at the Oak Ridge, Tenn. labor- 
atories of Union Carbide Corp. continued 
work on methods for transforming impure 
amorphous boron into a more dense and 
pure crystalline form of elemental powder. 
The Bureau of Mines investigated forma- 
tion of boron and boron carbide coatings 
by vapor-phase reactions, and concluded 
that the strongly adherent and hard coat- 
ings so formed could be useful in rocket 
nozzle applications.* The addition of frac- 
tional percentages of boron and boron with 
carbon to electrorefined vanadium was 
studied, and it was found that an approxi- 
mate twofold increase in strength was 
obtained in age-hardening the tested alloys 
containing. both boron and carbon. How- 
ever, the alloys which had boron additions 
alone did not age-harden.* 

Procedures for depositing clear vitreous 
films of boron nitride on various kinds of 


substrates were described, and various re- 
lated physical measurements were given.“ 
Potential applications for the process were 
said to lie in protective coatings on semi- 
conductor surfaces, thin film dielectrics, 
varistors, and diffusion barriers or sources. 
In studies of pyrolitic boron nitride used 
in cryolite and aluminum reduction, it was 
found that the pyrolitic's rate of corrosion 
in the melt was only slightly less than the 
corrosion rate when sintered boron nitride 
was used. However, although the resis- 
tivity of the pyrolitic form did not change 
appreciably when immersed in the cryolite, 
that of the sintered grades decreased 
sharply. 

The properties of, and products made 
from, new boron nitride materials were 
described in a brochure issued by The 
Carborundum Company of Niagara Falls, 
N.Y. Among applications suggested for 
such materials were uses in heat sinks, 
insulators, microwave windows, radomes, 
microcircuit substrates, ion engines, plasma 
arcs, crucibles, and enclosure of semi- 
conductors. Lockheed Aircraft Corp. used 
boron nitride to coat boron filament, which, 
it was found, modified and greatly improved 
bonding in the formation of aluminum and 
boron composites. 


2 Materials Engineering.  Pressed-Foil Com- 
posites Tops in Strength Modules. V. 68, No. 8, 


September 1968, p. 57. | 
š Chemical Week. A New Gasoline Additive 


Package—Detergent Boron. V. 108, No. 1, July 
6, 1268, p. 37. 

+ Donaldson, J. G., James B. Stephenson, and 
A. A. Cochran. Boron and Boron Carbide by 
Vapor Deposition. BuMines Rept. of Inv. 7160, 
1968, 15 pp. 

5 Iverson, H. G., D. R. Mathews, and J. S. 


Winston. Effects of Boron and Boron with 
Carbon on the Mechanical Properties of Vana- 
dium. BuMines Repts. of Inv. 7118, 1968, 18 pp. 

e Rand, Myron J., and James F. berts. 
Preparation and Properties of Thin Film Boron 
Nitride. J. Electrochem. Soc., v. 115, No. 4, 
April 1968, pp. 423-429. 

T Thonstad, James. The Behavior of Boron 
Nitride in Molten 9 and Aluminum. 
Electrochem. Technol., Nos. 9-10, Se»tem- 
ber-October 1968, pp. DET 
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Bromine 


By Keith S. Olson? 


An increasing demand for elemental 
bromine and bromine compounds including 
ethylene dibromide, ethyl bromide, and 
methyl bromide resulted in a record output 
of bromine in 1968. Total output of bro- 
mine compounds increased approximately 


3 percent in 1968 while production of 
ethylene dibromide increased about 5 per- 
cent. Imports of bromine compounds 
decreased about 93 percent from those of 
1967. 


DOMESTIC PRODUCTION 


About 362 million pounds of bromine 
and bromine compounds valued at $86.8 
million was produced by eight firms at 12 
plants. Michigan was again the major pro- 
ducing State, followed by Texas, Arkansas, 
and California. The largest increase in 
production of bromine and bromine com- 
pounds occurred in Arkansas, owing chiefly 
to full production at The Dow Chemical 
Co.’s new plant in Columbia County and 
expanded production facilities at plants 


operated by Arkansas Chemicals, Inc., and 
Great Lakes Chemical Corp. in Union 
County. Production in Michigan increased 
about 1 percent in quantity but decreased 
about 2 percent in value from that of 
1967. Decreases in production of bromine 
products were recorded in California and 
Texas. Domestic producers of bromine and 
bromine products were as follows: 


1 Industry economist, Bureau of Mines, Minne- 
apolis, Minn. 


Production source | 


State Company County Plant 
Arkansas ADAMS Chemicals, Union............- Arkansas Chemicals. Oil field brines. 
The Dow Chemical Co.. Columbia Magnolia Do. 
€ Zeg Chemical Union El ere EE Do. 
Michigan Chemical CC 1 Chemical Do. 
Orp. orp 
California... American Potash & San Bernardino Trona............- Searles Lake brines. 
Ae Corp Corp. 
FMC Coro Alameda Newark Sea water bitterns. 
Michigan . The Dow € Chemical Co.. Mason............ Ludington......... Natural well brines. 
Dô eck ⁰ eee Midland Midland o 
EE Chemical anistee.......... East Lake Do 
orp. 
Do 3 Gratiot .. .. St. Louis Do 
Morton Chemical Co.... Maniste Maniste ew Do. 
Texas Ethyl-Dow Chemical Co. Brazoria . um Ethyl-Dow.......- Sea water. 


Table 1.—Sales of bromine and bromine compounds by primary producers in the 
United States 


(Thousand pounds and thousand dollars) 


Quantity 
Year Value 

Gross Bromine 

weight content | 
EEGEN 88 , 58 288 ,019 $66 ,064 
LEE y E 828,115 274,569 77,259 
19893! ³ ac c us 826,498 275, 009 78, 888 
e . . . IEUM 849 , 757 292 ,072 85,391 
Eeer 862, 452 304, 501 86, 787 


221 


222 


MINERALS YEARBOOK, 1968 


Table 2.—Bromine and bromine compounds sold by primary producers in the 
United States 


(Thousand pounds and thousand dollars) 


Quantity 
Product Value 
Gross Bromine 
weight content 
1967: 
Elemental brom ine 48, 720 48,720 310, 008 
Ethyl bromide» acu oonescoese cR hee ceecckesoes 526 885 182 
Methyl bromide gu — p... 4 18,808 15,414 8,800 
Other, including ethylene dibromide, sodium bromide, ammonium 
bromide, and potassium brom ide 284,872 230,228 67,828 
Total. EE EEN 349,757 292, 072 85,891 
1968: 
Elemental bromine... ......................--...------------- 51,997 51,997 10,818 
Ethyl bromideeee ... .............. 569 415 246 
Methyl bromide..._... eebe . . . . ... ... Set 19,014 16,008 8,001 
ther, including ethylene dibromide, sodium bromide, ammonium 
bromide, and potassium bromide. ........................... 298,694 288,220 70,041 
g ß EEN 862 , 452 804,601 86,787 


1 Total has been adjusted to avoid duplication of transferred or purchased material. 


The Bromet Co., a joint venture of Ethyl 
Corp. (80 percent) and Great Lakes 
Chemical Corp. (20 percent), began con- 
struction of a bromine and ethylene dibro- 
mide plant near Magnolia, Ark. Completion 
of this facility was scheduled for mid-1969. 


Great Lakes Chemical Corp. was to super- 
vise the design, construction, and operation 
of the plant located on Ethyl Corp. prop- 
erty. The major portion of Ethyl's bro- ` 
mine requirements were expected to be 
supplied by this plant. 


CONSUMPTION AND USES 


About 86 percent of the sales of bromine 
products by the Nation's primary producers 
was in the form of bromine compounds. 
The manufacture of ethylene dibromide 
consumed a major portion of the domestic 
bromine output. Elemental bromine ranked 
second in production of bromine products 
followed by methyl bromide. Other types 
of bromine products sold or used included 
ammonium bromide, ethyl bromide, potas- 
sium bromide, and sodium bromide. The 
major use of ethylene dibromide was in 
the manufacture of tetra ethyl lead used 


as an antiknock compound in gasoline. 
Other uses for bromine and bromine com- 
pounds included the manufacture of phar- 
maceuticals; photographic chemicals; fire 
extinguisher fluids; fire retardants for 
plastics, textiles, and other materials; hy- 
draulic and gauge fluids; agricultural chemi- 
cals; dyes; intermediates for other chemical 
processes; sanitizers; and water treatment 
chemicals. An estimated three out of four 
fire retardant plastics now contain bromine 
compounds as the retardant.” 


PRICES 


Quoted prices for bromine and bromine 
compounds remained firm in 1968. Great 
Lakes Chemical Corp. and Michigan Chemi- 
cal Corp. established new pricing plans, 
based upon geographic zoning, for ele- 
mental bromine delivered in tankcar and 
tank truck lots. Zones established were as 
follows: Zone I—From Rocky Mountain 
States east to, and including Ohio, Ken- 


tucky, Tennessee, and Alabama. Zone II— 
Atlantic Seaboard States, plus West Virginia 
and Pennsylvania. Zone III—Western New 
York State and upper New England States. 
The following prices were quoted in the 
Oil, Paint and Drug Reporter: 


2 The Dow Chemical Co. 80 Years of Leader- 
ahip and Still Pioneering—Bromine and Bromi- 
nated Compounds. Form No. 164-100-168. 


BROMINE 223 
Cenis 
Per Cents 
: : pound per 
Bromine, purified: pound 
Cases, carlots, ton lots, de- 
livered east of Rocky Tanks, same basis 47 


Mountains 33 
Drums, carlots, ton lots, de- 
livered east of Rocky 
Mountains 29 
Zone I: 
Tankcar lots delivered. 16.75 
Tank truck lots de- 
livered__ 18.5 
Prices in Zone II are 1¢ 
per pound higher 
Prices in Zone III are 2@ 
per pound higher 
Ammonium bromide, National 
Formulary (N.F.), granular, 
drums, carlots, ton lots, 
freight equaliz ed 46 
Bromochloromethane: 
Drums, carlots, freight 
equalized 


Ethyl bromide, 98 percent 
Drums, carlots, freight 
equalized F 68 
Ethylene dibromide: 
Drums, carlots, freight 
equalized CCC 
Tanks, same basis 
Methyl bromide: 
Service organization prices 
40 to 375-pound cylinders 
large lots, freight allowed 
Potassium bromate, 200-pound 
drums, carlots, freight allowed... 49 
Potassium bromide, N.F., 
granular, drums 40 
Sodium bromide, N.F., granular, 
barrels, drums, freight 
equali 


57-64 


FOREIGN TRADE 


Exports of bromine, bromides, and bro- 
mates were no longer separately classified, 
effective January 1, 1965. 

In 1968 imports of bromine compounds 
were 18,687 pounds, compared with 254,560 
pounds in 1967. The major reason for the 
marked decrease was a continuing decline 
in imports of ethylene dibromide. Increased 
output of ethylene dibromide by domestic 
producers in recent years has reduced the 
demand for imported material. 

Imports of bromine compounds reported 
under existing tariff schedules (TSUS) 


included 2,116 pounds of ethylene dibro- 
mide valued at $371 from Israel and 16,571 
pounds of potassium bromide valued at 
$9,116, of which 10,032 pounds valued at 
$2,778 was from France, 6,000 pounds 
valued at $1,676 was from Israel, and 539 
pounds valued at $4,662 was from West 
Germany. No transactions were reported 
for elemental bromine or sodium bromide. 
All other classes of bromine compounds 
are part of a blanket category and are no 
longer classified separately. 


WORLD REVIEW 


Botswana (formerly Bechuanaland Pro- 
tectorate).—Makarikari Soda Ltd., a sub- 
sidiary of Botswana RST Ltd., has been 
investigating the feasibility of commercial 
development of brines from the Makarikari 
Salt Pan. These brines contain bromine as 
well as other minerals.“ The brine deposit 
is about 100 feet below the surface and 
covers about 160 square miles. Ample brine 
reserves have been proved and can be 
developed if markets can be found.“ It is 
generally believed that commercial extrac- 
tion of bromine from these brines is de- 
pendent upon the production of salt and 
soda ash. 

Israel. Bromine was recovered from 


Dead Sea waters, which contain about 1 
percent bromine, by the government con- 
trolled Dead Sea Works, Ltd. Annual 
production capacity of the plant is 8,000 
metric tons of liquid bromine.” Bromine 
products produced included elemental bro- 
mine, ethylene dibromide, and sodium 
chloride bromine.* 

Bromine and bromides of saturated acy- 
clic hydrocarbons were among a group of 


3 U.S. Embassy, Gaberones, Botswana. State 
Department Airgram A-12, Feb. 20, 1969. 

4 Bureau of Mines. Mineral Trade Notes. 
V. 65, No. 12, December 1968, pp. 32-33. 

5 Bureau of Mines. Mineral Trade Notes. 
V. 65, No. 7, July 1968, p. 4. 

e U.S. Embassy, Tel Aviv, Israel State 
Department Airgram A557, Feb. 6, 1968, p. 1. 
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items for which import licenses were 
granted without restriction, effective Sep- 
tember 1, 1968.“ 

Netherlands.—Plans were announced for 
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a bromine derivatives plant near Woerden 
to be built by Broomchemie N. V., a joint 
venture formed by Van Heek Scholco 
Textielfabrieken N. V. and Eurobroom.? 


TECHNOLOGY 


Tests conducted on cotton fabric treated 
with flame resistant compounds containing 
tris (2, 3-diabromopropyl phosphate) were 
described. Flammability, laundry durability, 
tear strength, and abrasion resistance of 
the fabrics were measured.? 

Three bromine based flame retardants 
intended primarily for treating textiles and 
paper were announced. Upholstery fabric 
treated with one of these compounds was 
claimed to meet inflammability standards 
established by the auto industry.“ 

The use of infrared spectrophotometric 
methods for determining impurities in 
bromine was described. Recent improve- 
ments in bromine quality have necessitated 
more sensitive and informative methods of 
analysis." 

A patent was issued for a method of 
producing phosphorous tribromide by the 
reaction of crude bromine and white phos- 
phorous in phosphorous tribromide as 
diluent. The reaction occurs at a tempera- 
ture over 100* C, with the optimum 
results occurring at 120° to 130? C.“ 

A bromine redox method of desalination 


was tested on a small pilot plant scale 
using 40 electrochemical cells at the Los 
Alamos Scientific Laboratory, Los Alamos, 
N. Mex. Bromine ranging from 2,300 to 
6,000 parts-per-million was used in the 
feed water as a cathodic depolarizer to 
minimize power requirements for desalina- 
tion. Method of preparation, operating pro- 
cedures, and results were discussed in 
detail.“ 


* U.S. Embassy, Tel Aviv, Israel. State 
Department Airgram A1806, Nov. 18, 1968. 

s Chemical Age (London). Joint Venture 
Bromine Derivatives Plant for Holland. V. 99, 
No. 2587, Feb. 14, 1969, p. 23. 

9 Textile Research Journal. Durable Non- 
reactive Flame Retardant Finishes for Cotton. 
V. 38, No. 3, March 1968, pp. 273-279. 

10 Chemical Engineering. Three Flame Retard- 
ants. V. 75, No. 18, Aug. 26, 1968, p. 50. 

11 Analytical Chemistry. Determination of 
Impurities in Bromine by Infrared Spectro- 
photometric Methods. V. 40, No. 8, July 1968, 
pp. 1283-1285. 

12 J enkner, Herbert and Otto Rahe (assigned to 
Chemische Fabrik Kalk G. m.b. H. Cologne- 
Kalk, Germany). Method of Producing Phos- 
app Tribromide. U.S. Patent 8,409,401, Nov. 

13 Electro Chemical Technology. Electro Chemi- 
cal Desalination by a Multistage Bromine Redox 
eler V. 6, Nos. 3-4, March-April 1968, pp. 
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Cadmium 


By Donald E. Moulds! 


The cadmium industry accomplished a 
major recovery in production and consump- 
tion in 1968 after the decline registered in 
1967. In spite of increased producer ship- 
ments, the 15-percent increase in apparent 
consumption resulted in an industry stock 
drawdown of some 462,000 pounds of 
cadmium in metal and compounds com- 
bined, increased imports of metal, and an 
808,000-pound drawdown of Government 
stocks. The quoted producer price of $2.65 
per pound held steady throughout the year 
despite the low level of stocks and an 
indicated premium price in the European 
market. The strong demand, both domestic 
and foreign, at yearend indicated a con- 
tinuing shortfall in supply and upward 
pressure on price continuing well into 1969. 


Legislation and Government Programs. 
The cadmium disposal program, conducted 


by the General Services Administration 
(GSA), continued throughout the year 
with a maximum of 600,000 pounds offered 
for sale during each calendar quarter for 
domestic consumption only. Shipments 
from Government inventories amounted to 
177,916 pounds in the first quarter, 19,077 
pounds in the secónd quarter, 43,610 
pounds in the third quarter, and 536,984 
pounds in the fourth quarter, thus totaling 
807,587 pounds for the year. At yearend 
Government stocks totaled 12.94 million 
pounds, of which 6.04 million was in the 
strategic stockpile and 6.90 million in the 
supplemental stockpile. Approximately 7.84 
million pounds was considered surplus to 
the stockpile objective of 5.10 million 
pounds. 


1 Physical scientist, Division of Mineral Studies. 


DOMESTIC PRODUCTION 


Production of cadmium metal increased 
22 percent in relation to the strike-curtailed 
output during 1967. The labor strike at 
several cadmium-producing smelters, initi- 
ated in mid-1967, continued into April 


1968 and was again a factor in the 1968 
supply. The total output of 10.7 million 
pounds was exceeded by shipments amount- 
ing to 11.2 million pounds with a corre- 
sponding decrease in metal stocks. 


Table 1.—Salient cadmium statistics 
(Thousand pounds) 


1964 1965 k966 1967 1968 

United States: 
Productions 10,458 9,671 10,460 8,699 10,651 
Shipments by producers 9,68 8,128 11,792 9,606 11,244 
lte thousands.. $27,412 $19,153 $26,771 $24,665 $28,409 
Exports EE 1,439 1 879 691 580 
Imports for consumption, metal 1,104 2,121 8,858 1,587 1,927 
Consumption.. 2-2. -222222.2. 9,364 10,431 14,780 r 11,578 18,328 
Price: Average per pound $3.00 $2.58 $2.42 $2.64 $2.65 
World: Production —ꝛ— -2 ------------ 28,007 26,250 28,665 28,279 81,082 


r Revised. 


1 Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used 


directly in production of compounds. 
2 Includes metal consumed at producer plants. 


3 Average quoted price for cadmium sticks and bars in lots of 1 to 5 tons. 
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Imported flue dust from Mexico con- 
tained 1.6 million pounds of cadmium and 
thus supplied some 15 percent of the 
domestic output. Over 80 percent of the 
cadmium produced domestically was re- 
covered as a byproduct from smelting zinc 
ores derived about equally from domestic 
and foreign sources. The remainder was of 
secondary origin derived from reprocessing 
scrapped cadmium alloys. 

The cadmium content of compounds 
produced in 1968—cadmium sulfide, cad- 
mium lithopone, and cadmium sulfoselenide 
—totaled 2.5 million pounds, an increase 
of 60 percent in relation to 1967 and a 
record high in compound production. Two 
firms continued to produce cadmium oxide. 
The output, however, cannot be published. 

Cadmium metal was produced at the 
following plants during the year: 

American Smelting and Refining Com- 
pany, Denver, Colo., and Corpus 
Christi, Tex. 

American Zinc Co., East St. Louis, 
Ill. 

The Anaconda Company, Great Falls, 
Mont. 
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Blackwell Zinc Co., Blackwell, Okla. 

The Bunker Hill Co., Kellogg, Idaho. 

The Eagle-Picher Industries, Inc., 
Galena, Kans. 

National Zinc Co., Inc., Bartlesville, 
Okla. 

The New Jersey Zinc Co., Palmerton, 
Pa. 

St. Joseph Lead Co., Josephtown, Pa. 

United Refining & Smelting Co., 
Franklin Park, Ill. 


Table 2.—Cadmium sulfide! produced in 
the United States 
(Thousands pounds) 


Sulfide ? 
Year 
Gross Cadmium 
weight content 
Let WEE 4,514 1,581 
Er 4,666 1,575 
1933 .... see 5,644 2,267 
9 W cee Se 4,827 1,536 
EE 6,008 2,457 


1 Cadmium oxide withheld to avoid disclosing 
individual company confidential i 

2 Includes cadmium lithopone and cadmium 
sulfoselenide. 


CONSUMPTION AND USES 


Consumption data on cadmium are not 
gathered by the Bureau of Mines. Apparent 
commercial consumption of cadmium— 
production, imports, Government shipments, 
and known stock changes—was 13.3 million 
pounds, a 15-percent gain over the 1967 
figure but well below the record high of 
14.8 million pounds in 1966. 

The largest use of cadmium was in the 
form of metal, estimated to consume some 
60 to 70 percent of the total. Plating was 
the largest application due to the desir- 
ability of its high corrosion resistance in 
parts for automobiles, appliances, aircraft, 
industrial machinery, hardware, and fas- 
teners. Cadmium-plated titanium fasteners 
were a growing market in advanced com- 
mercial and military aircraft to prevent 
corrosion failure of the aluminum-titanium 
junctions. The use of cadmium-nickel re- 
chargeable-sealed batteries as a communi- 
cations and space power source continued 


to grow. Cadmium as an additive in various 
metal alloys also increased. 

Cadmium sulfide-based pigments were 
estimated to account for 12 to 15 percent 
of the total cadmium consumption. These 
pigments, in a wide range of colors— 
yellows, oranges, and reds—depending on 
the admixture of other elemental sulfides 
—were used in plastics, paints, enamels, 
lacquers, and inks. 

A wide range of cadmium compounds 
other than pigments probably accounted 
for 15 to 20 percent of the cadmium con- 
sumed. The use as a vinyl stabilizer was 
important and growing. Cadmium phos- 
phors were used in television tubes and in 
coating for fluorescent tubes. Various cad- 
mium salts were used in plating baths and 
small amounts of high-purity compounds 
were utilized in solid-state physics appli- 
cations. 
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Figure 1.— Trends in production, consumption, yearend stocks, imports, exports, and 
average price of cadmium metal in the United States. 
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STOCKS 


Total industry stocks of cadmium metal, 
amounting to 1.5 million pounds at the 
beginning of the year, were further re- 
duced as the strike continued in the first 
quarter. With the return to normal pro- 
duction in the second quarter, stocks were 
built up slightly but heavy demand, both 
domestic and foreign, reduced metal stocks 
to about 1.2 million pounds at the end of 
the third quarter and to 1.1 million at the 
end of the year, the lowest yearend industry 
stocks since 1951. It is of note that pro- 
ducer stocks of 3.1 million pounds at the 
end of 1965 have dwindled to 600,000 
pounds of metal in the 3-year period. 


Table 3.—Industry stocks, December 31 
(Thousand pounds) 


1967 1968 
Cad- Cad- 
Cad- | mium Cad- mium 
mium in mium in 
metal com- metal com- 
pounds pounds 
Metal producers 921 W 623 W 
Compound 
manufacturers 419 687 232 679 
Distributors r 201 49 214 67 
Total. . t1,541 736 1,069 746 


r Revised. 
W Withheld to avoid disclosing individual com- 


pany confidential data; included with Compound 


manufacturers." 


PRICES 


The quoted producer to consumer price 
for cadmium metal in 1-ton lots, effective 
january 13, 1967, remained at $2.65 per 
pound throughout the year. Distributor 
prices, however, were reported at a pre- 
mium in the first quarter and again in the 
fourth quarter. The sales price for stock- 
pile metal through GSA continued at 
$2.53 per pound in ton lots and $2.58 in 
small lots, f.o.b. storage location. The 12- 
cent differential for stockpile cadmium is 
an allowance for conversion to desired 
consumer shapes. 

Cadmium metal on the London Market 
was 23s per pound ($2.76 per pound, U.S. 
equivalent) up to August 15 when a range 
of 23 to 24s developed and subsequently 
advanced to a range of 26 to 27s. On 
December 19, the quotation sharply ad- 
vanced to 35s per pound ($4.20 per pound, 
U.S. equivalent) and subsequently declined 
to about $3.50 per pound. 

The price in Italy at the beginning of 
the year was 3,700 lire per kilogram ($2.70 


per pound, U.S. equivalent) and held in 
this area until early October when a 
gradual advance was initiated to an end 
of the year price of 4,100 lire ($3.00 per 
pound). In France, the price of 27.25 
francs per kilogram ($2.52 per pound, 
U.S. equivalent) was in effect until June 
19 when an advance to 28.5 francs was 
posted ($2.64 per pound), and on Septem- 
ber 4 a further advance to 30 francs ($2.77 
per pound) carried through the yearend. 


Table 4.—Prices quoted for cadmium in 
the United States in 19 


(Per pound) 
Producer to GSA 
consumer 
Less Less 
l-ton than 1-ton than 
lots 1-ton lots  1-ton 
lots lots 
Jan. 1 to Dec. 81.. $2.65 32.70 32.58 $2.58 


FOREIGN TRADE 


Exports of cadmium totaled 530,000 
pounds during the year, well below the 
691,000 pounds in 1967. Shipments abroad 
in the first quarter of only 201 pounds 
reflected the tight domestic supply. An 
increase to 37,000 pounds in the second 
quarter was followed by a sharp increase 
to 314,000 pounds in the third quarter, 
reflecting the high European demand and 


premium foreign price. In the fourth 
quarter, 179,000 pounds was shipped 
abroad, influenced in part by the strike 
closure of East Coast ports and the low 
domestic stock position. 

Imports for consumption of cadmium 
metal increased 21 percent to 1.9 million 
pounds. Japan was the leading supplier 
with 668,000 pounds followed by Canada, 


CADMIUM 


Australia, Peru, and Mexico. These five 
countries supplied 95 percent of the total 
metal. Imports of cadmium in flue dust 
from Mexico for domestic processing 
amounted to 1.6 million pounds, well above 
the 1.2 million pounds reported in 1967. 
The import duty on cadmium metal was 
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dust remained duty free. 


Table 5.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, flue 
dust, residues, and scrap 


(Thousand pounds and thousand dollars) 


reduced, effective January 1, 1968, from Year Quantity Value 
3.75 cents per pound to 3 cents per pound 

in accordance with Presidential Proclama- 196 879 $795 
tion 3822 and the Kennedy Round trade 1968 ———t———— 630 11400 


agreements. Cadmium contained in flue 


Table 6.—U.S. imports of cadmium metal and cadmium in flue dust, by countries 
(Thousand pounds and thousand dollars) 


General imports ! 


Imports for consumption ? 


Country 1967 1968 1967 1968 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
CADMIUM METAL 
N JJC ĩ ↄðZTſꝙi eh, Weta %%«§Ü 8 11 326 
FF 290 $657 297 686 290 $657 297 686 
Belgium Luxembour beers 28 68 11 27 2 6 11 27 
7 538 1,396 508 1,309 538 1,896 508 1,309 
Congo (Kinshasa) 22 53 11 26 2 1 26 
ö ͤ ]ÜðWwmAq ĩð . 8 19 pee. os sss 8 19 
Germany, West- 1 (3) N 3) „ Cheese 
Japan r 298 r 690 661 1, 540 302 696 668 1, 555 
Mexico r 181 r 434 152 359 181 434 152 359 
o n PREE w ä 209 472 212 477 209 472 212 477 
Poland and Danzig....... ..... ....... 9 V 9 21 
South Africa, Republic of.. 6 16 40 97 6 16 40 97 
Yugoslavia.._........-.- Jl ` ` 2D eesti te 11 DB. ¿2 0 225 "see 
DOM cu S. r1,588 r3,811 1,920 4,587 1,587 8,817 1,927 4,602 
FLUE DUST (CADMIUM CONTENT) 
Mexico————-—— 1,166 $1,093 1,605 $1,796 1,166 $1,098 1,605 $1,796 
Grand total 12,749 214, 904 3, 525 6,888 2,758 4,910 8,582 6,898 
r Revised. 


1 Comprises cadmium imported for immediate consumption plus material entering bonded warehouses. 


2 5 cadmium imported for immediate consumption plus material with 


^? Revised to less than 3€ unit. 


awn from bonded ware- 


WORLD REVIEW 


World production of cadmium was essen- 
tialy as a byproduct of zinc smelting. 
Cadmium recovery per ton of slab zinc 
produced ranged from 1 pound to 20 
pounds at the various zinc smelters, de- 
pendent upon the cadmium content of the 
concentrates and other smelting factors. 
Increased zinc output during the year in- 
dicated a world cadmium production in 
the area of 31 million pounds in compari- 
son with the 28 million pounds in 1967. 

A factor in the world supply-demand 
balance was the withdrawal of U.S.S.R. 


cadmium from the European market in the 
second half of the year and, also, curtail- 
ment of Japanese exports to the European 
area. Absence of cadmium from these 
sources created an upward pressure on 
price and probable unusual inventory buy- 
ing. Preliminary consumption statistics from 
Australia indicated a decrease in total 
consumption. Those from the United King- 
dom showed an increase in consumption of 
7 percent, mainly in pigments, plating salts, 
solder, and miscellaneous uses. Decreased 
consumption was reported in plating anodes, 
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alloys, and alkaline batteries. Plating con- 
sumed 41 percent; pigments 36 percent; 
alloys, including solder, 10 percent; bat- 


teries 7 percent; and miscellaneous 6 per- 
cent. 


Table 7.—World smelter production of cadmium, by countries 


(Thousand pounds) 
Country 1964 1965 1966 1967 1968 v 
North America: 
CC ] QAM mius A te 2,220 r 948 r 1,704 r 2,058 2,094. 
E AT EE 848 152 243 870 410 
United: State  .... ....... 10,458 9,671 10,460 8,699 10,651 
South America: Peru... e „„ 435 478 442 3 378 
ä 
JJ ðV2Nꝗ“, TCE DM AU 48 46 r 47 42 
Belgium e 1,857 r 1,620 r 1,282 1,446 1,898 
on eh ae ca E EN A ⁰K⁰³ÄK de QN EVE 1,085 944 988 1,098 1,246 
Germany: 
East ieee eee ree LEE 22 22 22 26 26 
West E 705 728 785 880 754 
8 d S; uasacuwu ⁰» ³⁰ii⁵½%¼⅛‚Lr N ˙1¾ẽ.g a te 611 r 602 540 r 481 540 
Netherlands 281 198 220 r 236 220 
V rs ³ AAA ³ A ace 88 249 r 172 r 159 r 185 198 
p, ce as Se . Ee r 937 970 r 948 915 915 
"VL 2 E DR ERROREM RON EE 133 137 e 132 e 132 130 
DD R "cc" 8 r 3,968 r 4,189 r 4,519 4, 850 4, 850 
United Kingdom 435 485 405 460 490 
Figo. 8 90 90 90 110 110 
Africa: 
Congo (Kinshasa-)yõůyy ------ Le cs esce ss 868 278 829 e 881 800 
pout nont Ä o ( 73 r 291 e 265 260 
l ͥ y eee tee ee 32 40 27 e 22 20 
Jͤĩ˙1[ ⁵ ³i«¹ ðiX ꝗ « ſ ꝰð until cd aeri e 2,678 r 98,262 8,872 4,186 4,500 
Oceania: E Australis JJ) QNEM 1,107 r 1,165 1,160 1,155 1,000 
NC BEE 28 ,007 26 ,250 28 ,665 28,279 81,082 
e Estimate. p Preliminary. r Revised. 


1 Data derived in part from bulletins of the World Metal Statistics (London) and annual issues of Metal 
Statistics (Metallgesellschaft). 


? No estimates included for Bulgaria due to lack of information. 
Compiled mostly from data available April 1969. 
4 Including secondary. 
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Calcium and Calcium Compounds 


By Benjamin Petkof ! 


Domestic production of natural calcium 
compounds rose in 1968. Michigan, the 
major producer of these materials, and 
California supplied the entire output; West 
Virginia reported no production during the 


year. Imports of metallic calcium declined 
sharply, but calcium chloride imports in- 
creased. 


1 Physical scientist, Division of Mineral Studies. 


DOMESTIC PRODUCTION 


Metallic calcium was produced by only 
one company during the year but no pro- 
duction data were available. The output of 
all forms of natural and synthetic solid 
calcium chloride reached 762,000 short 
tons calculated as 75 percent chloride 
equivalent. Production of natural and syn- 
thetic calcium chloride brine and calcium- 


Material and company: 
Calcium metal: 


Minerals, Pigments and Metals Division of Chas. Pfizer & Co.. 


Natural calcium chloride: 


he Dow Chemical Coo 
Michigan Chemical Corp.................- 
Wyandotte Chemical Cord 


Synthetic calcium chloride: 


Industrial Chemical Division, Allied Chemical Cor 
PPG Industries, Inc.....................- 


magnesium chloride brine (about 40 per- 
cent chloride), excluding that used to pro- 
duce granular forms, reached 566,000 short 
tons. 

Producers of calcium metal, calcium 
chloride, and  calcium-chloride-bearing 
brines were as follows: 


Location 


Canaan, Conn. 


Ludington and Midland, Mich. 
St. Louis, Mich. 
Wyandotte, Mich. 


Syracuse, N.Y. 
Barberton, Ohio. 


Natural calcium-chloride and calcium magnesium chloride brine: 


Chloride Products, Ine 
Imperial Thermal Products, Inc -.---- 
Leslie Salt Co. (California Salt Co.)) 
National Chloride Company of America 
The Dow Chemical Coo 
Michigan Chemical Cord 
Morton Chemical Co....................- 
Wilkinson Chemical Cor 
Wyandotte Chemicals Corp 


Niland, Calif. 
Do. 
Amboy, Calif. 


Do. 
Ludington and Midland, Mich. 
St. Louis, Mich. 
Manistee, Mich. 
Mayville, Mich. 
Wyandotte, Mich. 


Synthetic calcium chloride and calcium-magnesium chloride brine: 


Industrial Chemical Division, Allied Chemical Corp.......... 
PPG Industries, Ibn 
Hooker Chemical Corp.................- J uie wakes 
Reichhold Chemicals, Ine 


Production of all forms of natural cal- 
cium and calcium magnesium chlorides 
(solid, flake, and liquid), calculated at 75 
percent chloride equivalent, averaged 589,- 


Syracuse, N.Y. 
Barberton, Ohio. 
Tacoma, Wash. 


NECI SUN e Do. 


000 tons annually for the period 1964—68. 
The annual average value for the same 5- 
year period was $12.1 million ($20.55 
per ton). 
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CONSUMPTION AND USES 


In metallurgical processing, calcium was 
used to remove oxygen, halogens, sulfur, 
and phosphorus from metals that were 
otherwise difficult to recover as relatively 
pure products. In the organic chemical 
industry, calcium was used as a reducing 
agent and as a dehydrating agent, and in 
the removal of sulfur from some hydro- 
carbons. It was used to separate nitrogen 
from argon. In the form of the hydride it 
was a valuable portable source of hydrogen 


which is released when the hydride re- 
acted with water. Organocalcium com- 
pounds are used in lubricants, corrosion 
inhibitors, detergents, and for other 
purposes. 

Highway deicing continued as the major 
use of calcium chloride. Other important 
uses included dust control, concrete treat- 
ment, industrial uses (including synthetic 
rubber, paper, and oilfield drilling), brine 
refrigeration, and tireweighting. 


PRICES AND SPECIFICATIONS 


Calcium metal prices remained un- 
change during the year. Commercial-grade 
metal (99 percent calcium) ranged from 
$0.95 per pound for full crowns, 2,000 
pounds and over, to $3 per pound for less 
than 100-pound quantities of turnings. 
Redistilled-grade calcium (99.9 percent 
calcium and 0.5 percent magnesium) 
ranged from $1.50 per pound for broken 
crowns in lots of 6,000 pounds or more to 
$5 for %-inch nodules in lots of less than 
100 pounds. The price of other size lots 
of broken crowns, V$-inch metal and 6- 
mesh nodules, were between these limits 
depending on quantity purchased. At year- 
end almost all categories of calcium 
chloride showed price increases. 


FOREIGN 


The quantity of calcium metal imported 
declined to about 32 percent of the pre- 
vious year's imports but remained sub- 
stantially above those of 1966. The average 
value of imported metal remainded slightly 
below $1 per pound. All imports of metallic 
calcium originated in Canada. 

Calcium chloride imports increased more 
than 3 times in quantity and value com- 
pared with 1967 imports. The bulk of 
imported material was supplied by Canada, 
and Belgium-Luxembourg, smaller quanti- 
ties were received from the United King- 
dom, Sweden, and West Germany. 

Other calcium compounds imported dur- 
ing the year were 37.9 million pounds of 
crude calcium borate valued at $588,000 
from Turkey; 13.7 million pounds of cal- 
cium carbide valued at $482,000 from 
Canada and Brazil; 32.3 million pounds of 
calcium cyanide valued at $1.3 million 


Table 1.—Price quotations for calcium 


chloride in 1 
Grade Jan. 
1 80 
Concentrated fake or pellet, 94- 
97 percent E $44.50 $46.50 


Conetatrated aka 77-80 per- 


CONC EEN 86.25 
Powdered, 17 percent minimum . 42.25 .28 
Liquor, 40 percent ? P 15.00 15.50 
Granulated U. S. P. 29 .29 


Source: Oil Paint and Drug Reporter. V. 198, No. 
1, Jan. 1, 1968, p. 12; v. 194, No. 127, Dec. 80, 1968, 


p. 
1 Wd prices per short ton except granulated which 


2 * Paper ba bags, carlots at works, freight equalized. 
3 Tank cars ht eq 
4 225 pound d drums, freight equalized. 


TRADE 


from Canada; 42.6 million pounds of di- 
calcium phosphate valued at $1.2 million 
from Canada, and Belgium—Luxembourg; 
and 31.8 million pounds of whiting valued 
$326,000 primarily from France, United 
Kingdom, and  Belgium-Luxembourg. 
Smaller quantities of other calcium com- 
pounds, such as calcium sulphate, calcium 
carbonate, and calcium hypochlorite, were 
also imported. 


Table 2.—U.S. imports for con: tion of 
calcium and calcium chloride 

Calcium Calcium 

chloride 
Year — 
Pounds Value Short Value 

tons 

1966. 85,941 372,176 2,499 EN 
E: 428,681 3870, 407 4,885 157,570 
1968......- 187,261 120,416 14,069 622,680 


CALCIUM AND CALCIUM COMPOUNDS 


WORLD 


Canada.—In addition to the production 
of magnesium, Dominion Magnesium, Ltd. 
(Domog), was the only calcium metal pro- 
ducer and supplied three grades of calcium 
from its Haley Smelter in Ontario. Domog 
produced a commercial grade containing 
98 to 99 percent calcium with impurities 
of magnesium, nitrogen, and aluminum; a 
high-purity grade containing 99.5 percent 
calcium with small impurities such as 
magnesium, manganese, iron, nitrogen and 
others; and a chemical grade containing 
99.9 percent calcium with impurities simi- 
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REVIEW 


lar to those in the high-purity grade. 
According to information issued by the 
Mineral Resources Division of the Depart- 
ment of Energy, Mines and Resources, 
Canadian production of calcium metal 
reached 622, 237 pounds valued at Can- 
$591,125 in 1967 an increase of 150 per- 
cent in production and 141 percent in 
value over that of the previous year. About 
67 percent of Canadian production was 
exported to the United States. The major 
part of the remainder went to France, West 
Germany, United Kingdom, and Japan. 


TECHNOLOGY 


A procedure was described for the pro- 
tection of metal parts by diffusion coating 
their surfaces in a calcium bath at high 
temperature. Coatings applied in this man- 
ner improved the wear resistance of the 
original metal surface. Metal thusly pre- 
pared could be substituted for stainless 
steel, stainless clad steel, and other wear 
resistant metals.“ An additional paper de- 


scribed the reactions in calcium-iron- 


chromium systems.* 


S Carter, Giles F. Diffusion Coatings Formed 
in Molten Calcium Impart High Corros.on esist- 
etal Prog., v. 98, No: 6, June 1968, pp. 


YrU.S. GOVERNMENT PRINTING OFFICE: 1969 O—344-249/174 


Digitized by Google 


Carbon Black 


William B. 


Shipments of carbon black increased 15 
percent in 1968 as a reinvigorated demand 
followed resumption of work after strikes 
at rubber plants. Production rose to a new 
peak. 

Use of carbon black by the rubber indus- 
try outweighs by far all other uses. In 
1968, the use of carbon black in rubber 
products constituted 94 percent of ship- 
ments, and 60 percent of that volume was 
used by tire manufacturers. Nearly nine 
out of every 10 tires produced are used 
on passenger cars, and output, which had 
been reduced by the 1967 strike, re- 
bounded to 25 percent above 1967 levels 
and 14.8 percent above the prestrike levels 
of 1966. 

The carbon black industry operated at 
84 percent of capacity in 1968, according 
to preliminary reports. Over the past 5 
years, capacity has risen from 7,269,000 
pounds to 9,142,000 pounds per day, a 
net increase of 25.8 percent. 

Inventories at the end of 1968 were 
lower than those a year earlier as ship- 
ments of channel blacks exceeded produc- 


Harper ! 


tion by 14.7 million pounds. Although 
overall production of carbon black in 1968 
topped that of the preceding year by nearly 
328 million pounds, channel black output 
dropped 6.5 million pounds, thus con- 
tinuing a downward trend which began 
in the late 1940's. 

The average value of carbon black at 
the plant in 1968 was 7.32 cents per 
pound, an increase of 0.15 cent from the 
levels of a year earlier. 

The volume of natural gas used for 
manufacturing carbon black continued to 
decline in 1968, but the drop was not as 
sharp as in 1967, when the volume used 
dropped along with the reduced demand 
for carbon black. The use of natural gas 
in carbon black manufacture was higher in 
Louisiana by 2.5 billion cubic feet or 9.4 
percent above the 1967 levels, but declines 
in the gas used by plants in Texas and the 
other States more than offset the gains in 
Louisiana. Likewise, the cost of natural gas 
increased in Louisiana but, as indicated 


1 Mineral specialist (petroleum), Division of 


Mineral Studies. 


Table 1.—Salient statistics of carbon black produced from natural gas 
and liquid hydrocarbons in the United States 


(Thousand pounds) 
1964 1965 1966 1967 1968 

Production: 
hannel pGroceng. ..------------------ 169,919 147,909 158,117 149,420 142,948 
Furnace process 2,053,297 2,205,867 2,418,435 2,334,420 2,668,858 
Total. nct toe cR PI DEAE 2,223,216 2,353,776 2,571,552 2,483,840 2,811,806 

Shipment: 
Domestic sales 1,911,494 2,072,500 2,277,595 2,216,145 2,563,332 
Fer 333,907 274, 608 297,281 236 , 035 263, 122 
% s.c20 3 suede circ ec O2 s 2,245,401 2,347,108 2,574,876 2,452,180 2,826,454 
acc nc d ENS ud eR d CE 910 13 1,236 559 859 
ed of producers, December 21 231,171 297, 704 233,145 264,247 249,240 
alue: 

Production........... thousand dollars 155,761 166,111 184,308 178,158 205,849 
Average per pound.............. cents 7.01 7.06 7.17 7.17 7.32 
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Figure 1.—Production by States, shipments by use, and exports, and stocks of carbon black. 


in table 5, that increase was overshadowed 
by declines in other States. 

The amount of liquid hydrocarbons 
needed to produce furnace blacks in 1968 
was higher by 63 million gallons or nearly 
15 percent. 

Yields of carbon black improved in 1968. 
Each 1,000 cubic feet of natural gas con- 
sumed yielded on the average 5.77 pounds 
of carbon black as compared with 5.54 


pounds per thousand cubic feet in 1967. 
The yields on carbon black from liquid 
hydrocarbons, as shown in table 6, were 
4.86 pounds per gallon in 1968 as com- 
pared with 4.79 pounds in the preceding 
year. Over the past 10 years, yields have 
improved moderately from 4.09 pounds to 
4.86 pounds per gallon, a difference of 
18.8 percent. 


PRODUCTION AND CAPACITY 


Production by States.—Reflecting a 
greater demand for carbon black after the 
rubber plant strikes ended, production of 
carbon black totaled 2,811.8 million pounds, 
an increase of 328 million or 13 percent 
above the depressed levels of 1967. Texas 
half of the total. Louisiana supplied some 
produced 1,426 million pounds or about 
37 percent or about the same proportion 


as in 1967. Over the past 5 years (1964— 
68) Louisiana’s share has increased from 
32.6 percent of the total to 37.2 percent, 
while Texas remained at about 50 percent 
over the same period. Output in the carbon 
black producing States of Arkansas, Kansas, 
New Mexico, and Oklahoma, in the aggre- 
gate has not expanded over the past 5 
years. 


CARBON BLACK 


Production by Grades and Types.—Al- 
though carbon blacks are produced by both 
channel and the furnace process, the latter 
accounted for nearly 95 percent of the 
1968 total. There are seven major grades 
of carbon blacks produced by the furnace 
process, plus thermal blacks. In the fur- 
nace category, High Abrasion Furnace or 
(HAF) grade, constituted the largest single 
item produced in 1968 and accounted for 
30 percent of total furnace blacks. For 
more than a decade the output of the 
HAF grade averaged about 30 percent of 
furnace blacks produced. Production of 
furnace black, excluding thermal, increased 
from 1,822 million pounds to 2,364 mil- 
lion pounds between 1964 and 1968. HAF 
increased from 509 million pounds annually 
in 1964 to 798 million pounds in 1968, 
a difference of nearly 57 percent. Second 
in importance today is the Intermediate 
Abrasion Furnace (ISAF) grade, which 
supplied 21 percent of the furnace black. 
Over the same interval of 1964-68, output 
of ISAF grade increased from 472 million 
pounds to 567 million pounds or 20 per- 
cent. Trends in the production of blacks 
by grades are included in table 3. 

Production of carbon black from the 
channel process aggregated 142.9 million 
pounds or 4.3 percent less than in 1967. 
Channel blacks are used in inks, pigments, 
and in mechanical goods, in natural rubber 
off-the-road tires, in other plies of truck 
tires and many other nontire applications. 


237 


Number and Capacity of Plants.—Ex- 
pansion of capacities at existing facilities 
in 1968 primarily were responsible for the 
increase in daily output of nearly 644,000 
pounds or 7.5 percent, as indicated in 
table 4. There were overall increases of 
284,000 pounds daily or 6.6 percent in the 
capacities of Texas plants. Facilities in 
Louisiana enlarged their output potential 
some 218,000 pounds or 7 percent to 
3,183,068 pounds daily. Although individ- 


-ual totals cannot be revealed because of 


disclosure regulations, the capacity of the 
plants consolidated under “Other States" 
increased 141,000 pounds per day or 11 
percent. 


Materials Used and Vields. Liquid 
hydrocarbons aggregating 484.4 million 
gallons were consumed in the manufacture 
of 2,356.6 million pounds of carbon black, 
or nearly 84 percent of all the blacks 
produced. Here again increased use re- 
flects the recovery from the rubber indus- 
try strike, as the amount consumed in 1968 
was 63 million gallons greater than in 
1967. Yields also improved in 1968 with 
an average of 4.86 pounds per gallon com- 
pared with 4.79 pounds in the preceding 
year. Likewise, yields improved for natural 
gas. In 1968, while the amount of gas 
used, was nearly 4 billion cubic feet smaller 
than in 1967, yields of black were greater; 
5.77 pounds compared with 5.54 pounds 
in 1967. 


Table 2.—Carbon black produced from natural gas and liquid hydrocarbons 
in the United States, by States 


(Thousand pounds) 


State 1964 1965 
Louisiana 725, 669 820, 552 
eas 1, 165, 593 1,172,693 
Other States 331,954 360, 531 
Total 2,223,216 2,853, 776 


Change 
1966 1967 1968 from 1967 
(percent) 
899 ,178 923, 286 1,031,349 +11.70 
1,296 ,292 1,214,349 1,426 ,307 +17 .45 
876,082 346,205 354, 150 +2.29 
2,571, 552 2,488,840 2,811,806 -F13.20 
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Table 4.—Number and capacity of carbon black plants operated in the United States 


Number of plants 


State or 


County or 
district i 


aris 1967 


Channel Furnace 


1968 


Channel 


Furnace 


Total daily capacity 
ds) 


(poun 


1967 


1968 


Carson 


Hutchinson 
Montgomery 
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4,270,900 4,554,941 


2,964,700 


4,270,900 4,554,941 


2,964,700 3,183,068 


3,183 ,068 


1,262,600 


1,262,600 
8,498,200 


1,403,849 


1,403,849 
9,141,858 


Table 5.—Carbon black and the feedstocks used in its production, by States 


1967 
Carbon black production: 

ölal EE thousand pounds 
Nee thousand dollars. . 
Average value «„ cents per pound 

Natural gas used:? 

Oa o cell ic ecc SD LE million cubic feet. . 
Vale oh ae MEDECIN 8 thousand dollars 
Average value cents per thousand cubic feet. 
Carbon black produced thousand pounds.. 

Liquid hydrocarbons used: 
C/! te nune do thousand gallons.. 
FI DT thousand dollars 
Average value cents per gallon.. 
Carbon black produced........... thousand pounds 
1968 
Carbon black production: 

f nc echa dena ee thousand pounds 
bu UT MN NAE RIS TROP PU UR M thousand dollars 
Average value LL. c ll cents per pound 

Natural gas used:? 
Total. EE million cubic feet. 
NI. ³ sese thousand dollars 
Average value cents per thousand cubic feet. . 
Carbon black produced thousand pounds 

Liquid hydrocarbons used: 
I!. ag eel s thousand gallons. . 
NY NG no xx ĩð cu eL thousand dollars 
Average value cents per gallon... 


Carbon black produced........... thousand pounds 


Louisiana 


923 ,286 
61,092 
6.62 


16.05 
292,518 


129,403 
9,542 


7.37 
630,768 


1,031,349 


70,403 


144,003 
10,462 


1.26 
105,330 


Texas 


1,214,349 
94,565 
7.79 


240, 335 
16,872 


7.02 
1,121,690 
1,426 ,307 


111,091 
7.79 


282, 004 
20,056 


7.11 
1,841,258 


! Arkansas, California, Kansas, New Mexico, Oklahoma, and West Virginia. 


? Includes natural gas used to enrich liquid hydrocarbons. 
3 Produced from natural gas used as feedstock. 


Other 
States ! 


346,205 
22, 501 
6.50 


15.81 
80,328 


51,548 
3,361 


6.52 
265,877 
354,150 


24,355 
6.88 


Total 


2,483,840 
78,158 
7.17 


108,961 
15,279 
14.02 
465, 505 


421,286 
29 XU 


7.0 
2,018,335 
2,811,806 

205,849 

7.32 


104, 973 
14,391 


484, 404 
34, 432 


7.11 
2,356,591 
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Table 6.—Natural gas and liquid hydrocarbons used in manufacturing carbon black 
in the United States and average yield 


1964 1965 1966 1967 1968 
Natural gas used !........ million cubic feet.. 115,626 115,574 114,936 108,961 104,978 
Average yield of carbon black per thousand 
cubic feet $... --------- pounds 5.38 6.36 5.75 5.54 5.77 
Average value of natural gas used per 
thousand cubic feet cents 13.34 14. 59 14. 45 14.02 18.71 
Liquid hydrocarbons used 
thousand gallons.. 354, 874 389,173 433, 700 421, 286 484,404 
Average yield of carbon black per gallon 
pu 4.65 4.52 - 4.72 4.79 4.86 
Average value of liquid hydrocarbons us 
per gallon... 6.22 cde reegt cents 6.79 6.86 7.09 7.07 7.11 
Number of producers reporting 9 9 9 9 8 
Number of plants- s 37 34 34 35 84 


1 Includes natural gas used to enrich liquid hydrocarbons. TEES 
2 Average yield based on natural gas used as feedstock, excluding natural gas used to enrich liquid hydro* 


carbons. 


CONSUMPTION AND USES 


Demand for carbon black recovered in 
1968 after having been reduced by a strike 
at major rubber producer plants during 
the spring and summer of 1967. Domestic 
sales of carbon black increased by 347 
million pounds or 15.6 percent. Exports 
also shared in the gains with a rise of 
11.4 percent above the 1967 levels. 
Domestic sales to the rubber industry, 
which accounted for 94.4 percent of all the 
carbon black shipped, were higher by 
348 million pounds or 16.8 percent. 

Sales gains were made also in the blacks 
used in ink manufacture, rising nearly 
6 percent to 67.7 million pounds. Manu- 
facturers used both the furnace blacks and 
the channel blacks in their operations. 
The oil furnace type known as “Short-Ink” 
was used in the manufacture of inks for 
printing newspapers. Blacks produced by 
the channel process known as “Long-Ink” 


were used in lithographic or halftone print- 
ing inks. 

The plastics industry expanded its use 
of carbon black by nearly 6 million pounds 
or 28.5 percent more than it used in 1967. 

Conversely, there has been a decided 
decline in the use of carbon black by the 
paper industry. In 1968, for example, ship- 
ments dropped nearly 17 percent below 
1967 levels as indicated in table 7. Over 
the longer term, the drop has been even 
more pronounced; from 8.7 million pounds 
in 1962 to 4.7 million in 1968, a decrease 
of 46 percent. Some of this decline can be 
attributed to technological developments in 
the paper industry coupled with the de- 
velopment of new products lowering the 
use of carbon black. Still another considera- 
tion, however, is the change in consumer 
preference from somber tones to brighter 
colors. 


Table 7.—Sales of carbon black for domestic consumption in the United States, by uses 


(Thousand pounds) 


Use 1964 1965 

Ink. oz Geet 45,688 54,333 
All! ccu 17,982 10,896 
Paper 8,004 7,649 
Plastics. - --.--.---- 12,281 20,183 
Rubber............- 1,789,432 1,945,459 
Miscellaneous 38,107 33, 

Totaal 1,911,494 2,072,500 


Change 
1966 1967 1968 from 1967 
(percent) 
63,682 63,963 67,721 +5.87 
11,959 12,553 13,435 +7.03 
6,108 5,658 4,710 —16.76 
21,945 20,907 26,863 +28 .49 
2,131,169 2,072,543 2,420,480 +16 .79 
42,732 40,521 30,123 —25 .66 
2,277,595 2,216, 145 2,563,332 +15.67 


5 and food combined with “Miscellaneous” to avoid disclosing individual company confidential 
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STOCKS 


Inventories of carbon black in the aggre- 
gate were 15 million pounds lower at the 
end of 1968 but, as indicated in table 8, 
virtually all of the drop was in stocks of 
channel black which were reduced 14.7 
million pounds or about 28 percent. Stocks 
of thermal blacks declined some 3.6 mil- 
lion pounds but supplies of the furnace 


types were 3.3 million pounds larger at 
the end of 1968. Most of the rise in stocks 
of furnace type blacks occurred in the 
ISAF grade. On the minus side, there were 
substantial reductions in stocks of SRF 
grade blacks. SRF along with HMF are 
furnace blacks generally produced from 
gas. 


Table 8.—Producers’ stock of channel- and furnace-type blacks 
in the United States, December 31 


(Thousand pounds) 
Furnace Grand 
Year — Channel total 
SRF! HMF: GPF! FEF! HAF! SAF! ISAF 1 Thermal Total 

1964.... 39,200 9,234 26,166 20,641 46,230 5,184 36,062 5,529 188,196 42,975 231,171 
1965.... 34,828 7,291 20,885 28,275 48,644 4,277 35,506 22,835 197,041 40,663 237,704 
1966.... 35,479 5,570 15,709 21,411 53,344 4,925 43,801 9,615 189,854 43,291 233,145 
1967.... 48,747 4,916 18, 20,029 58,688 6,284 37,951 26,943 212,227 52,020 264,247 
1968.... (?) (?) (2) 276,119 59,786 4,190 48,520 28,827 211,942 37,298 249,240 


1 For explanation, see footnotes to table 


2 Inventories of SRF, HMF, GPF ds included in FEF. 


FOREIGN TRADE 


A high level of business activity overseas 
particularly in Europe, the rise in cars in 
service, coupled with enactment of new 
standards for tire manufacture in many 
foreign countries, all have contributed to 
a rising demand for rubber products and 
for tires, consequently, the demand for 
carbon black also has increased. Supplies 
of carbon blacks in foreign countries have 
been reduced, so again blacks from the 
United States are in demand. In 1968, 
exports rose to 263,122,000 pounds or 11.5 
percent above those of the preceding year. 
Furthermore, 27 percent of exports were 
blacks made by the channel process. Some 
channel black is made in West Germany 
and in Japan but output is insufficient to 
satisfy demand. 

Europe continued to be our best cus- 
tomer accounting for 52 out of every 100 
pounds of carbon black exported. Four 


countries, France, the United Kingdom, 
Italy, and West Germany aggregate the 
largest users of carbon black exported 
from the United States and received 
40.8 percent of our exports. In the Western 
Hemisphere, Canada was the largest user 
of blacks from the United States. Other 
exports by countries are given in table 9. 

Imports of carbon blacks into the United 
States are usually limited to specialty blacks 
and 1968 was no exception. Some 4.9 mil- 
lion pounds of carbon black derived from 
acetylene were imported from Canada and 
another 425,000 pounds of the same type 
black came from East Germany. Colombia 
supplied nearly 2 million pounds of blacks 
for pigments; East and West Germany 
another 250,000 pounds; and the United 
Kingdom 113,000 pounds for the same 
purpose. 
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Table 9.—U.S. exports of carbon black, by countries 


(Thousand pounds and thousand dollars) 


1966 1967 1968 


Country JJ Ge ee n ua USER 
Quantity Value Quantity Value Quantity Value 


North America: 


Canada... coo adr TR 45,248 $3,511 27,591 $2,309 29,189 $2,455 
Guatemala................ 2,479 220 1,4 125 250 
Mexico 2,698 256 1,792 208 4,780 556 
Ohler eg 209 24 1,534 185 8,085 2179 
Total. 42m: nad 50,629 4,011 82,340 2,712 40,096 8,540 
South America: 
Argentina. 3, 295 352 1,878 218 2,419 800 
1111 to 6,321 655 3,190 301 4, 800 465 
Chille 22. 4,921 464 4,473 426 627 79 
Colombia. 8,345 757 1,074 117 466 97 
OTe oo eee ce ee ete 6,087 531 6,317 550 8,731 
Venezuela. _.. ------- 1,527 150 690 1,409 138 
e hot Ex 1,684 154 802 76 844 88 
NV) EE 82,180 2,963 17,919 1,760 19,296 1,954 
Europe: 
elgium-Luxembourg. .....- 5,471 495 5,366 467 5,804 530 
Denmark 969 171 1,110 173 2,185 822 
Finland. .................- 656 67 595 58 1,044 156 
France...................- 39,287 3,979 36,584 9,624 86,628 8,822 
Germany, West 85,225 2,809 24,174 2,068 23,871 
TONY oo soe Rats 15,862 1,797 17,186 2,048 22,425 2, 695 
Netherlands 2,890 884 8,185 349 8,793 479 
Norway .......--..--..-.--- 747 69 959 85 1,145 101 
Portugal.................- 2,324 229 1,941 193 70 
DOIN: ose ese K chee 4,332 470 8,492 488 5,047 602 
Sweden 5, 089 388 3,885 261 6,075 515 
Switzerland 2,784 247 2,14 205 2, 504 210 
United KingdowHwuu 17,486 2, 506 r 19,748 r 2,839 24,597 3, 675 
Yugoslavia... .............- 632 82 511 63 436 
Ot ĩð ͤ 4,246 400 8,425 873 855 152 
Totals uo pusu zapisa s> 187,950 14.093 r122,751 r 13,239 136,963 15,648 
Africa: 
South Africa, Republic of 7,877 675 9,838 851 7,796 786 
Other 2,140 196 818 77 1,462 125 
ge WEE 10,017 871 10,151 928 9,198 911 
Asia: 
!!. eds be 16,117 1,286 6,510 661 3, 505 376 
Indonesia ......-..--------- 665 57 805 60 1,766 148 
CCC 3,034 296 364 39 1,150 112 
FFC!!! ³˙¹¹ü ĩ 8 1,378 143 1,102 112 1,287 117 
dv u S oL uu SS SSO 6,300 1,248 10,296 1,824 12,093 2,234 
Korea, South. ............. 7,014 573 7,972 11, 026 ; 
Philippines 10, 150 904 7,340 644 8,787 770 
NENG i Se ee ee Be us 8,996 838 4,050 839 2,310 198 
e U u 4,169 849 2,216 199 935 96 
Other... .. . ...........- 4,614 428 8,031 827 8,118 411 
Tei! huas ea 57,437 5,621 43, 686 4,911 45,927 5, 503 
Oceania: 
Australia 4, 995 474 6,472 554 8,348 773 
New Zealand.............- 4,073 374 2,716 246 8,294 802 
rr dv ewe Rz 9,068 848 9,188 800 11,642 1,075 
Grand total... 297,281 28,407 r 236,085 r 24,410 268 , 122 28 ,626 


r Revised. 
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Table 10.—U.S. exports of carbon black in 1968, by months 
(Thousand pounds and thousand dollars) 


Channel Furnace Total 
Month "E 
Quantity Value Quantity Value Quantity Value 
January.......-. . p ese ECCE RE 4,577 $908 15,700 $1,294 20,277 32,202 
Februar Tr 6,452 1,176 14,715 „145 21, 16 „321 
March. 22-2 dw cx Gee 5,385 934 13,698 1,109 19,088 : 
ADM 2: 22 22; ces 5,316 1,076 16,464 1,296 21,780 2,872 
BY ok oe a datas 5,437 1,136 16,564 1,822 22,001 2,458 
UE 4,762 833 9,979 818 14,741 1,651 
DU Sc Si eh ( usus 5,904 1,109 15,250 1,218 21,154 2,327 
A cM ERN 7,840 1,399 17 ,684 1,430 25,024 2,829 
September..................... 10,358 1,916 20,930 1,715 81,288 8,680 
Oetobeerrrrr 3,041 611 11, 185 913 14,176 1,524 
November....................- 5,024 1,036 20,577 1,700 25,601 2,736 
December 7, 555 1,055 19,325 1,478 26,880 2. 583 
TL Otel sec eee ees 71,101 13,188 192,021 15,438 263,122 28,626 
WORLD REVIEW 


Foreign countries were gradually becom- 
ing more self-sufficient in carbon black 
and a very impressive part of this growth 
represented expansion programs of U.S. 
carbon black manufacturers and their affili- 
ates as well as investments by foreign 
companies. 

As indicated in table 11, Japan has 
almost doubled its production over the 
last 5 years and very sizable gains were 
shown in France, West Germany, Italy, 
the Netherlands, and the United Kingdom. 
Increased production was also indicated 
in Rumania, Spain, and Yugoslavia, and 
Hungary plans to build its first carbon 


plant in 1970. 

Despite these expansions, Western Europe 
has virtually no facilities producing carbon 
black either by the channel or the thermal 
process. Hence, the United States continues 
to be the principal source of supply for 
these blacks. 

Although data on the magnitude of 
carbon black facilities in the Soviet Union 
are lacking, it is not unreasonable to as- 
sume that the large supplies of natural 
gas readily available in that nation offer 
inducement to make carbon blacks by the 
channel process as well as furnace blacks 
from oil and gas. 


Table 11.—World production of carbon black by countries 
(Thousand pounds) 


Country 


1964 1965 1966 1967 1968 » 
Argentina. 25,132 31,967 NA NA NA 
Eege es 52,699 49,780 64,917 67,681 99,200 
FCCCô§ö;1e¼ꝛoõ⅛˙² ö ͤ cuiu atl 189, 507 220,019 r 265,218 261,906 e 260,143 
Germany, West... 222i 269,371 276 ,380 806,943 297 ,246 e 885,805 
///» A ie 20, 987 31,901 40, 000 55, 000 55,115 
TONY i: al ] mw. cg ens ee 141,756 162,920 184,450 199,748 198,414 
r NE 244, 567 r 273, 080 297, 165 888,742 482,051 

Korea, South. 694 725 e 882 N N 
Netherlan dss 114, 198 136,244 158,881 164,248 169,754 
Ruman naaa 78, 080 80,918 84, 410 115, 682 120,973 
South Africa, Republic of-—— 26,934 29,020 N N NA 
%ò . m r 1,847 r 1,559 7,738 8,360 e 11,023 
/// cue S C Su aus 2 s 434 1,404 1,014 1,09 NA 
United Kingdom 838,200 853,400 365, 500 360 , 452 408 , 442 
United States 2,223, 216 2,853, 776 2,571, 552 2,483,840 2,811,806 

Venezuela... 13 ,499 15,000 16,200 16,204 16,2 
ggoslavin 2. 10, 818 11,241 14,462 27,888 e 27,558 
Total 2. F r 3,751,289 1 4,029,384 74,874,827 * 4,447,583 5,041,488 

* Estimate. P Preliminary. NA Not available. 


r Revised. 
! Australia, Belgium, Canada, China, Colombia, Mexico, and Sweden produce carbon black, but production 
data are not available. 


2 Totals are of listed figures only. 
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TECHNOLOGY 


Carbon black, a petrochemical, is an 
extremely fine soot, primarily carbon (90 
to 99 percent) and containing some oxygen 
and hydrogen; oil furnace blacks may also 
contain small amounts of sulfur. The 
furnace process, which accounts for 94 
out of every 100 pounds produced, 
breaks down into three different processes: 
oil furnace, gas furnace, and thermal. Brief 
description of the four processes, including 
the channel process, are as follows: 

Channel Black, made by the oldest 
process, is a product of incomplete com- 
bustion of natural gas. Small flames are 
impinged on cool surfaces or channels 
where carbon black is deposited and then 
scraped off as the channel moves back 
and forth over a scraper. The properties 
of channel blacks are varied by changes 
in burner tip design, distances from tip 
to channel, and the amount of air made 
available for combustion. The process is 
extraordinarily inefficient, chemically. For 
rubber reinforcing grades, the yield is only 
5 percent; for finer particle size high color 
blacks, the yield shrinks to 1 percent. Low 
yields and rising gas prices have spurred 
the industry to develop other methods to 
make blacks. 

Gas Furnace.—This is based on partial 
combustion of natural gas in refractory- 
lined furnaces. Carbon black is removed by 
flocculation and high-voltage electric pre- 
cipitators. Yields of the gas furnace blacks 
range from 10 to 30 percent and are lowest 
for the smaller particle size grades. Prop- 
erties of gas furnace blacks can be modified 
to a degree by changing the ratio of air 
to gas. The grades SRF, HMF, and FF 
are generally produced from gas. (The 
full name of each grade is given in the 
footnotes to table 3.) 

Thermal.—Unlike channel and furnace 
blacks, thermal blacks are produced by 
cracking a hydrocarbon; that is, separating 
the carbon from the hydrogen and not 
by the combustion of a hydrocarbon. 
Thermal furnaces are built from a checker- 
board brickwork pattern. Two refractory- 
lined furnaces or generators are used. One 
generator is heating, using hydrogen as 
a fuel, while the other generator is being 
charged with natural gas which decom- 
poses to produce thermal black and hydro- 
gen. The hydrogen is collected and used 
to fuel the generator being heated. Yields 


of carbon black are primarily in the large 
particle sizes and range from 40 to 50 
percent. 

Thermal carbon black production has 
been growing steadily in the United States. 
The first producer was the Thermatomic 
Carbon Division of the Commercial Sol- 
vents Corp. Then Columbian Carbon Co. 
and Cabot Corp. began producing thermal 
blacks. The thermal black facility of J. M. 
Huber Corp. was scheduled to begin pro- 
duction in 1969. 

Relative to thermal type blacks, some 
progress has been made towards utilizing 
coal as the raw material for making 
carbon black. 

Commercial manufacturers of carbon 
black were supplied with samples of the 
Bureau’s product for a determination of 
its physical and chemical properties and 
its utility. Rubber manufacturers also iden- 
tify the end product with thermal black. 
Subsequently, the Bureau of Mines has 
made changes in its testing processes and 
obtained higher yields of carbon of this 
thermal type black derived from coal. 

Oil Furnace.—Here the liquid hydro- 
carbons are used and the blacks are pro- 
duced in furnaces. Natural gas is generally 
burned to furnish the heat of combustion 
and atomized oil is introduced into this 
combustion zone to be burned to various 
grades of carbon black. Yields range from 
35 percent to 65 percent depending on the 
grade of black produced. Oil furnace grades 
are GPF, FEF, HAF, ISAF, and SAF. 
(The full name of each grade is given in 
the footnotes to table 3.) 

A most desirable feedstock for furnace 
black plants is an oil having 0° to 4° 
API gravity, low in sulfur, and high in 
aromatics and olefins, which comes from 
near the “bottom of the refinery barrel" 
and is similar in many respects to residual 
fuel oil. The rising cost of natural gas has 
been a factor in the shift to a greater use 
of liquid feedstocks and a decline in the 
use of natural gas as a source of carbon. 
At the same time, it should be recognized 
that oil furnace processing has become 
very flexible. Oil furnace blacks supple- 
mented channel blacks in most high-per- 
formance applications, notably passenger 
car tire treads. Over the past two decades, 
carbon black technology has centered on 
the oil furnace black process. 


CARBON BLACK 


Prior to the 1940’s the rubber industry 
was limited nearly completely to use of 
the natural rubber. Carbon blacks avail- 
able for reinforcement were few: (1) 
channel black, (2) a gas furnace black with 
semireinforcing properties, and (3) thermal 
black. Rubber reinforcement grade carbon 
blacks may be essentially characterized by 
the two parameters above, particle size and 
structure level. 

Particle size ranges from 200 angstroms 
for the most highly reinforcing types to 
about 4,000 angstroms for the slightly 
reinforcing thermal blacks. Within this 
relatively narrow dimensional range lie 
more than two dozen distinct carbon black 
types used for the reinforcement of rubber. 

As to the second parameter, structure 
level, during formation, the carbon black 
particles link together in varying degrees 
as aggregates. The extent to which these 
aggregates form into reticulate chains has 
been termed “structure.” Carbon blacks 
vary widely in structure level and this 
property is second only to particle size 
with respect to effect on the processing of 
the various kinds of rubber. 

The oil furnace blacks display a higher 
degree of structure than blacks from natural 
gas and recent developments have made it 
possible to vary widely the degree of struc- 
ture of any grade of oil furnace black. 
As a result, one of the most important 
developments has been the increasing use 
of higher than normal structure carbon 
blacks for both normal structure ISAF and 
HAF grades for both tire and nontire 
applications. The largest single use of 
carbon black reinforced rubber is in auto- 
mobile tire treads, where resistance to 
wear and tear is of utmost importance. 

The basic raw materials for carbon black 


245 


are natural gas and oils; hence, most carbon 
black producing plants have been located 
near a fuel and raw material supply in 
southern Louisiana and in the Texas 
Panhandle. The carbon black is trans- 
ported from there to the rubber plants. 
Recently, however, the carbon black indus- 
try has begun to change its policy by 
building new facilities near the largest 
customers, the rubber manufactures, not 
near its fuel supply. The first of these 
plants built in the East was by The Cabot 
Corp. at Parkersburg, W. Va., and went 
on stream early in 1968. The new carbon 
black plant of the Ashland Chemical Com- 
pany at Belpre, Ohio, started operations 
in the fall of 1968. The Phillips Petroleum 
Co. announced in August 1968 that it 
planned to build a new carbon black plant 
at Toledo, Ohio, with completion scheduled 
for the end of 1969. In the West, the 
Columbian Carbon Co.’s new plant at 
Mojave, Calif., to provide blacks for west 
coast producers of tires and other rubber 
products is to go on stream in 1969. In 
the South, the Sid Richardson Carbon 
Company is building a new plant near 
Baton Rouge, La., that is scheduled for 
completion in 1969. Also in the South, the 
Continental Carbon Company is construct- 
ing a new plant at Phoenix City, Ala., to 
provide carbon black for the rubber indus- 
try operating in the Southeast. The new 
plant is scheduled for completion in early 
1970. Summarizing these plants will add 
to existing capacity of 9,141,858 pounds 
per day additional facilities to produce 
another 1,180,000 pounds daily. In 1968, 
with production at 7,683,530 pounds daily, 
and capacity at 9,141,858 pounds per day, 
the industry operated at 84 percent of 
capacity. 
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Cement 


By John R. Lewis ! 


After the mild retrogression of 1967, 
portland cement shipments resumed their 
assault on the coveted 400-million-376 
pound barrel goal in 1968. Total portland 
cement shipments for the year achieved an 
alltime high of 397 million barrels, and 
there was every reason to expect that the 
400-million-barrel mark would be attained 
in 1969. This activity reflected vigor 
throughout the construction sector coupled 
with continued determined efforts by the 
cement industry to create new or expanded 
uses for cement. The industry made prog- 
ress in balancing its supply and demand 
factors despite considerable obsolesence of 
plant and equipment. Profits generally 
showed improvement but still remained 
modest and they did not keep up with 
rising costs. Plant expansions and moderni- 
zation projects were numerous in 1968, but 
new plant construction planning was 
sharply curtailed. Several plants under 
advanced stages of construction during 
1968 will begin operation during 1969. 
There was no significant change in the 


Old plants were closed down, but newer 
ones were often under enlargement or 
modernization. In 1968 there was just one 
totally new cement plant which began 


operation. Numerous expansion projects 
were completed and one plant was 
abandoned. 


The installation of electronic computer 
equipment for quality and cost control con- 
tinued during 1968, and there were further 
large projects involving new dust-collecting 
equipment. There were few new distribu- 
tion terminal projects during the year. 

There was cautious optimism that sales 
would increase during 1969; the continu- 
ing boom in the construction industry 
makes long-term advances in the cement 
industry near certain. Perhaps forecasting 
future thrusts of the cement industry was 
the comment in one annual report that 
those cement companies which did rela- 
tively well in 1968 did so mainly through 
moves outside of the industry.” Diversifica- 


1Commodity specialist, Division of Mineral 


Studies. 


š : : : S 2Alpha Portland Cement Company, Easton, 
industry's production capacity in 1968.  p,. Annus Report, 1968, p. 3. iind 
Table 1.—Salient cement statistics 
1964 1965 1966 1967 1968 
United States: 
Production ! 
thousand 376-pound barrels.. 377,475 381,578 393, 824 377,885 403,849 
Capacity used at portland cement mills 1 
percent.. 76.5 76.8 77.3 72.7 11.6 
Shipments from mills ! 
thousand 376-pound barrels.. 375,340 384, 402 389, 856 381,824 405,863 
Value 1212 thousands. $1,209, 470 $1,221,454 $1,226,806 $1,210,786 $1,294,533 
Average value II. per barrel 3.22 $3 $3.15 $3.17 $3.19 
Stocks Dec. 31: at mills ! 
thousand 376-pound barrels.. 39,761 32 ,942 40,698 41, 80 41,977 
Exports_-.... . ee do 713 748 1,069 942 
Imports for consumption. ........ do 3,633 5, 505 7, 066 5, 913 7,870 
Consumption, apparent . do 378, ,260 389,159 395, , 853 386, 757 412,291 
World: Production do.... 2,437, 486 2,548,258 2,722,068 2,831, ,956 p 2 985, 279 


1 Excludes Puerto Rico; includes portland, masonry, and slag cements. 
2 Value received f.o.b. mill, excluding cost of containers. 


3 Quantity shipped plus imports minus exports. 
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tion into related fields, such as other build- 
ings material and residential construction, 
appeared to be viewed with favor by some 
units in the industry. Imports of cement 
were much higher in 1968 and had begun 
to cause concern on the part of certain 
domestic producers. 

Legislation and Government Programs.— 
Two legislative measures of interest to the 
cement industry were signed into law in 
1968. The Housing and Urban Develop- 
ment Act (Public Law 90-448) authorized 
a 3-year program of providing new and 
rehabilitated housing for low-income fami- 
lies, both. urban and nonurban through 
several separate Federal assistance pro- 
grams. Thrust of the new housing program 
will mean vigorous construction activity. 
Money was also made available through 
the Department of Housing and Urban 
Development for many types of public 
construction activity. | 

A second important public law was 
signed on August 3. Titled the Federal Aid 
Highway Act of 1968, the law extended 
the 1972 deadline for completion of the 
Interstate Highway System to 1974 and 
authorized 1,500 additional miles of road. 
It also showed greater concern for the 
environmental factors of highways and 
directed protection of historic and esthetic 
values. 

Implementation of earlier air pollution 
laws was emphasized during the year, and 
the technology of overall air pollution con- 
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trol was studied by the Department of 
Health, Education and Welfare. Areas 
around Washington, New York, and 
Chicago, were named as air quality control 
regions. 

On November 18, 1968, in a memo- 
randum to the heads of departments and 
agencies of the U.S. Government, President 
Lyndon B. Johnson urged each depart- 
ment or agency having responsibility for 
the expenditure of Federal construction 
funds to take steps to stabilize the levels 
of construction activity across the entire 
year in order. to reduce seasonal variations 
and hence assist to increase employment 
and create price stability in the construc- 
tion industry. Collaterally, this would re- 
duce seasonal variations in cement con- 
sumption. The presidential memorandum 
cited seven specific actions which were to 
be taken. These included consideration of 
local conditions, stretchout of completion 
dates into the off-seasons, encouragement 
of any reasonable program among Federal 
fund recipients to reduce construction 
seasonality, and where lawful, scheduling 
construction in off-seasons. Each agency 
or department concerned was to report 
steps taken to comply, and to recommend 
additional remedial measures by July 1, 
1969. The Secretaries of Labor and Com- 
merce were further directed to conduct 
their own special studies and to report their 
findings and recommendations to the Con- 
gress by December 31, 1969. 


DOMESTIC PRODUCTION 


PORTLAND CEMENT 


Total production capability in the U.S. 
portland cement industry was very nearly 
stable in 1968 when contrasted to the steady 
capacity development which had been tak- 
ing place during recent years. The watch- 
words in 1968 were “expand existing 
plants," “close down old or uneconomic 


plants," and “modernize,” all with the aims 
of reducing costs and increasing efficiency. 
There was also a marked reduction in new 
or expanded distribution terminals, prob- 
ably reflecting the industry's reevaluation 
and revision of its business structure. À 
continuing gradual shift to larger plants 
was evident, as reflected in the following 
tabulation: 
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Estimated annual capacity of portland cement plants in the United States 
(including Puerto Rico) December 31, 1968 


Yearend 
1966 
Million barrels 
Number Percent 
of of total 
plants capacity 
Less than 1.............- 11 1.7 
/ o uico cle 60 18.8 
2108... ooo ie epe 58 25.8 
O10. 4 DEE 88 22.8 
1. ĩð b s SL 18 11.8 
5 and over 14 20.6 
Total 29022222 184 100.0 


1 Two plants received clinker from other sources. 
2 One plant received clinker from other sources. 


Although not a record year for cement 
facility construction, several major new 
cement plants were in varying stages of 
fabrication, but only one plant was com- 
pleted and ready for commercial produc- 
tion during 1968. This was the 250,000- 
barrel-per-year white cement plant of the 
Puerto Rican Cement Co. at Ponce, Puerto 
Rico. A satisfactory test run was performed 
in September 1968 and commercial pro- 
duction was expected early in 1969. The 
new Ponce installation is the first white 
cement facility in Puerto Rico and the 
125,000 barrels normally consumed in the 
area formerly were imported. The com- 
pany plans to market the excess throughout 
the Caribbean and was investigating possi- 
ble sales in Florida, as well. 

The 4-million-barrel, $25 million wet 
process plant of the Lone Star Cement 
Corp. at Greencastle, in west central 
Indiana, neared completion and was ex- 
pected to be operational during 1969. The 
plant replaces a 2.7 million-barrel facility 
at Greencastle, and features computer con- 
trol at several important stages in the 
cement-making process. 

Northwest of Miami, Fla., the plant of 
Maule Industries, Inc., was rapidly ap- 
proaching completion. Built adjacent to 
the company’s quarry at Pennsuco, the 
plant will utilize two extended kilns and 
two mills. Slated to begin operation with 
a capacity of 1.2 million barrels, ultimate 
plans call for a plant capable of 2.5 million 
barrels annually. This development re- 
portedly will make Maule Industries self- 
sufficient in raw materials. The company 
basically is in the business of producing 
concrete products. 


Yearend Yearend 
1967 1968 
Number Percent Number Percent 
of of total of of total 
plants capacity plants capacity 
111 1.6 6 0.9 
? 59 17.8 58 17.1 
52 24.5 53 25.1 
40 26.6 37 28.9 
12 10.0 13 10.9 
14 20.1 16 22.1 
188 100.0 188 100.0 


Martin Marietta Corporation’s Rocky 
Mountain Cement Co. Division made good 
progress toward 1969 completion of its 
2.5-million-barrel plant at Lyons, Colo., 
near Boulder. Two Martin Marietta sub- 
sidiaries, Rocky Mountain and the Dewey 
Portland Cement Co., Division of Tulsa, 
Okla., were consolidated as Dewey Rocky 
Mountain Cement Co. Dewey’s 3.1 million- 
barrel plant and Rocky Mountain’s new 
plant will operate under the new company 
flag. 

Medusa Portland Cement Co. had, by 
late 1968, virtually completed converting 
a gray cement plant at Manitowoc, Wis., 
to a white cement plant. Shipments to 
customers were scheduled to begin in 
spring 1969. 

During 1968, among the important new 
plants announced for future construction 
was Martin Marietta Corporation’s Dragon 
Cement Co. Division replacement plant at 
Thomaston, Maine. Ground was broken 
and construction began late in 1968. The 
2.5-million-barrel plant, replacing a 2 
million-barrel plant which has been in 
operation at Thomaston since 1927, was 
expected to be ready in June 1970. 

The American Cement Corp. announced 
plans in mid-1968 for a $25 million plant 
at Sacramento, Calif. American's Peerless 
Division also projected a 4-million-barrel 
plant for the Detroit, Mich., area. Plans 
called for construction to begin in 1969 
and completion by mid-1971. Puerto Rican 
Cement Co. announced plans in 1968 for 
its third plant, for completion by 1970. 
The 2-million-barrel, $13 million plant will 
be built at Vega Baja, 6 miles from San 
Juan, and will serve the entire San Juan 
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metropolitan area. It will be, owners said, 
one of the most modern, automated, com- 
puter-controlled plants anywhere in the 
industry. l 

Of major interest in 1968 were expansion 
and modernization projects which were 
more in the limelight than new plants. 
While neither record-making in numbers 
nor in new capacity, they reflected the 
industry’s main thrust during the year. 

Lone Star Cement Corp. for instance, 
completed a build-up in capacity to 4 
million barrels during 1968 at its Nazareth, 
Pa., plant. 

Whitehall Cement Manufacturing Co. 
completed 15 years of steady modernization 
and expansion at its Cementon, Pa., plant 
during 1968. All improvement work had 
proceeded without disrupting plant output. 

The Florida Cement Division of General 
Portland Cement Co., announced plans dur- 
ing 1968 to expand its Miami plant by 50 
percent. A new finishing mill was already 
running by yearend and raw mills and 
kilns were planned for future installation. 
Medusa Portland Cement Corp. began 
work on expanding its 2.5 million barrel 
Wampum, Pa., plant by 50 percent at a 
cost of $7 million. At its York, Pa., plant, 
Medusa started work in 1968 on installa- 
tion of kiln capacity to balance previously 
installed grinding capacity. This expansion 
will elevate the wet process plant output 
to 2.6 million barrels per year. Startup 
was targeted for April 1969. At Festus, 
Mo., River Cement Co. had nearly com- 
pleted expanding its 3-million-barrel plant 
to about 5 million barrels. Heart of the 
project was a 560-foot kiln. Total cost was 
to be around $11 million. 

Lehigh Portland Cement Co. continued 
to phase out its less economic operations 
during 1968, to realign its production facili- 
ties, and to readjust its distribution patterns. 
Lehigh’s Fordwick, (Shenandoah Valley) 
Va., plant was closed permanently at year- 
end. Customers of the 50-year-old, 1.7- 
million-barrel plant were to be serviced 
from Lehigh’s Union Bridge, Md., plant, 
for which a $9 million, 33-percent-expan- 
sion program to be carried out during 
1969-70 was announced in 1968. When 
completed in 1970, Union Bridge will be 
capable of producing 5 million barrels 
annually and the project will be Lehigh’s 
first major expansion since 1961. The 
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American Cement Corp. announced during 
1968 that capacity at its Crestmore, Calif., 
white cement plant would be raised to 1 
million barrels. 

General Portland Cement Co. announced 
in 1968, the addition of 2 million barrels 
of new capacity at its Tampa, Fla., plant. 
Martin Marietta’s Aetna Portland Cement 
Co., Division put onstream at its Bay City, 
Mich. plant a kiln and two mills originally 
intended for the company’s abandoned 
project at Milan, Mich., thus markedly 
expanding output. At Atlanta, Ga., Martin 
Marietta’s Southern Cement Co. Division 
was installing a new kiln and two new 
mills to double that plants output. At 
Hudson, N.Y., Universal-Atlas Cement Co. 
(United States Steel Co. subsidiary) re- 
placed an existing 2-million-barrel plant 
with new equipment permitting 3 million 
barrels output. The Ideal Basic Industries, 
Inc. (formerly Ideal Cement Co.), plant at 
Superior, Nebr., was stepped up from 1.5 
million barrels to 2 million barrels through 
installation of two kilns and a mill moved 
from the company’s plant at Ada, Okla. 

Cancellations of proposed plants and 
closing of existing plants continued in 1968. 
Martin Marietta’s Aetna Division finally 
canceled the ill-starred Milan, Mich., plant. 
Lone Star Cement Corp. canceled plans 
to build a new plant at Anacortes, Wash., 
and enlarged its Seattle plant instead. Low 
profit margins and high expenses caused 
Lone Star to close down some 7.5 million 
barrels of capacity at four marginal plants. 
However, most of the capacity was re- 
placed by modernization at other plants or 
through other adjusting action. Old, but 
serviceable, equipment from the Lone Star 
plant at Hudson, N.Y., was transferred to 
a subsidiary company plant at Sierras 
Bayas, Argentina, as was other similar 
equipment from Lone Star’s plant at Lake 
Charles, La., which was shut down in 1968. 
Also closed by Lone Star in 1968 was its 
Dallas, Tex., plant and its Concrete, Wash., 
facility, equipment from which was later 
auctioned off. 

There was one change in ownership of 
cement plants in 1968. The Louisville 
Cement Co., Louisville, Ky., acquired the 
4.7-million-barrel plant of the Bessemer 
Cement Company Division of the Diamond 
Shamrock Corp. This addition gave Louis- 
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ville Cement three plants and three dis- 
tribution terminals. 

The Ideal Cement Co. merged, effective 
the last day of 1967, with Potash Co. of 
America and in 1968 became known as 
Ideal Basic Industries, Inc. Nazareth 
Cement Co. at Nazareth, Pa., was legally 
merged into Coplay Cement Manufactur- 
ing Co., on June 1, 1968, and therefore 
ceased to exist as a corporate entity. The 
merger gave the Coplay Co. both plants. 
During 1968 Ash Grove Lime and Port- 
land Cement Co. of Kansas City, Mo., 
became Ash Grove Cement Co. 

Following the trend toward better air 
pollution control, at least two companies 
committed themselves to $2.7 million worth 
of electrostatic precipitators. Louisville 
Cement Co. installed units at each of its 
three plants and Puerto Rican Cement 
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Company began work on a similar installa- 
tion at its San Juan plant. 


NATURAL AND SLAG CEMENTS 


Natural cement was produced at one 
plant, and slag cement was produced at two 
others. These three plants reported an 
annual production of about 83,000 barrels. 
Century Cement Manufacturing Co., Inc. 
ceased the production of natural cement in 
1965. 

Because masonry cements prepared at 
these plants contained some portland 
cement, they are included in the tabulations 
of masonry cements prepared at portland 
cement plants. Production figures are not 
strictly comparable with those of 1957 and 
earlier because of changes in the methods 
of reporting by some of the producers. 


TRANSPORTATION 


A strike of dockworkers at east and 
gulf coast seaports began on December 
20, 1968. Although some imported cement 
may have felt the effects, there was no 
concern by the industry, either with re- 
spect to international or coastwise water 
commerce in cement. Even though the 
paralyzing and disrupting strike extended 
into February 1969, cement consumption 
was at its winter low ebb and markets 
could easily be covered by other transport 
means. 

Thirty representatives of 26 portland- 
cement producing companies and a number 
of representatives of bulk motor carriers 
met in Chicago, Ill, in June 1968 and 
organized the National Association of 
Cement Shippers. The announced purpose 
is to promote passage and enforcement of 
laws and regulations affecting the trans- 
portation of cement and cement raw 
materials. 

The cement industry continued to utilize 
the Nation’s railroads in 1968 for shipment 
of cement, both in bulk and in bags. 
Cement appeared to travel from mill to 
distribution terminal more by rail than by 
other transportation means, but exact data 
were not available. Bulk: cement shipments 
are made in covered hopper bottom cars 
or in specially constructed rapid-unloading 
pressure differential cars which unload via 
a closed system thus eliminating dust, spill- 
age, and contamination. In 1968, at least 
two sizable fleets of new, covered railroad 


cars went into service. Dundee Cement Co. 
added 50 new dry tank cars to its railway 
fleet for use in moving cement from the 
main plant to Dundee's customers through- 
out the center third of the Nation. Each 
car carries a maximum of 530 barrels of 
cement. Also in 1968, in connection with 
construction of the Dworshak Dam in 
Idaho, some 100 covered hopper cars were 
ordered for cement hauling service on the 
Northern Pacific Railway's lines to the 
dam area. 

The Medusa Challenger, a Great Lakes 
iron ore ship converted to the cement trade, 
was reported in the 1967 yearbook. Her 
owners, the Medusa Portland Cement Co. 
of Cleveland, Ohio, reported? that, aided 
by compatible shore installations, the ship 
set cement handling records during 1968 
and exceeded her unloading design expecta- 
tion of 8,000 barrels of cement per hour. 
The company also said that the total 
volume of cement carried was high, and 
that the ship operated profitably. The ship's 
self-unloading system and related dockside 
cement handling systems were recognized 
by professional engineers as an outstanding 
accomplishment. 

Lone Star Cement Corp. placed a new 
3,000-horsepower, $750,000 tug named the 
Lone Star into operation with its gulf 
coast marine fleet during 1968.* The vessel 

3 Medusa Portland Cement Co. Cleveland, Ohio. 
Annual Report, 1968, p. 6. 


* Lone Star S ra Corp. New York, N.Y. 
Annual Report, 1968, p. 7. 
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will be used to haul tows of crushed lime 
rock from the company's quarry at St. 
Stephens, Ala., to Lone Star's cement plant 
at New Orleans, La. It can handle a 
10,500-ton load at speeds of up to 10 miles 
per hour and was expected to save $100,000 
per year in towing charges. 

Although the industry appeared less in- 
clined, in 1968, to install new distribution 
terminals or to enlarge those already built, 
there was still activity in this sector. The 
Peerless Division of the American Cement 
Corp. opened two new silos with 50,000 
barrels of total capacity in a terminal on 
the banks of the Cuyahoga River at Cleve- 
land, Ohio. The plant is served by rail, 
water, and truck and utilizes the most 
advanced of materials handling devices. 
Operations began in the fall of 1968 at the 
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Auburn, Oreg., terminal of the Oregon 
Pcrtland Cement Co. Covering 3 acres, the 
7,500-barrel main silo was reportedly able 
to load a bulk cement truck in 5 minutes. 
A 4,000-barrel multi-compartment silo 
capable of delivering four types of cement, 
went into operation in November. A ware- 
house and sack filing facility were pro- 
jected for future construction. 

General Portland Cement Co. opened 
three new terminals in 1968—at Jackson- 
ville and Pensacola, Fla., and Statesville, 
N.C. Lone Star Cement Corp., in widely 
separated areas, opened a terminal at Port- 
land, Oreg., to serve its customers in that 
area and another terminal at Andalusia, 
Ala., to speed cement deliveries in south- 
central Alabama and northwest Florida. 


CONSUMPTION AND USES 


After a somewhat disappointing down- 
turn in 1967, consumption of portland 
cement, as reflected in shipments, rose to 
an alltime high in 1968. Sparked by the 
release of pentup demand in public and 
private construction sectors, the upsurge 
brought about such events as the record 
high monthly shipment of cement in Octo- 
ber 1968 of 45.4 million barrels. 

According to data from the Business and 
Defense Services Administration, U.S. De- 
partment of Commerce, the total value of 
all new construction “put in place" in 
1968 was well ahead of any previous year 
in the decade. A sharp rise in new con- 
struction of all types, including housing 
and highways, created this unprecedented 
consumption pattern for cement. Table 2 
details the broad pattern of cement con- 
sumption and use. 

The far-reaching research and develop- 
ment work of the Portland Cement Asso- 
Ciation continues to create new markets 
for cement. Prestressed and precast con- 
crete structural members shared an in- 


creasing part of the construction market 
in 1968. Less than 20 years ago there were 
no prestressed concrete plants in the United 
States, but by the end of 1968 nearly 300 
such plants were in operation and there 
were about 1,800 plants making masonry 
blocks in hundreds of shapes and in many 
different colors.“ 

The advent of co'or in masonry cements 
was furthered, for example, in September 
1968, when Medusa Portland Cement Co. 
began production and distribution of Cus- 
tom Color” masonry cement from its Dixon, 
Ill, plant. Medusa's former gray cement 
plant at York, Pa., converted to the manu- 
facture of white cement during 1968, also 
distributed the colored line of masonry 
cements. 

As the new generation of super highways 
continued to expand, demand was develop- 
ing for heavy concrete median barriers to 
prevent headon collisions. Widely used and 
termed successful in New Jersey, some simi- 
lar type of barrier was in the works for 
highway uses in 29 other States. 


PRICES 


The average mill value of a barrel of 
cement (all classes) remained about $3.17 
in 1968. 

There were numerous efforts, especially 
as 1968 began, by individual companies to 
ask what they termed “more realistic prices 
for cement." Those who raised prices 


pointed to increased labor and material 
costs. Undeniably, cement industry profits 
were somewhat below those of general in- 
Custry. Increases ranged from 5 cents per 
barrel to around 32 cents per barrel for 


5 Modern Concrete, Cement Uses Set New 


Highs. V. 32, No. 11, March 1969, pp. 64-66. 
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portland cement f.o.b. mill. Averaged out, 
the upswing was 4.2 percent or about 15 
cents per barrel. However, prices did not 
remain at these levels, and by May gen- 
erally were back at January levels. 
Despite the price trends, production costs 
continued to climb. Coal, for example, was 
increased in price on October 1. Labor 
costs rose as the year progressed and it was 
almost a foregone conclusion that, by May 
1969 after labor negotiations, the indus- 
try’s labor bill would be larger still. 
Engineering News-Record provides f.o.b. 
base prices per barrel for portland cement 
in carload lots in 20 cities across the 
Nation. As 1968 closed, price quotations 
were as follows, with 1967 figure in 
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Exports of cement from the United 
States in 1968 totaled 942,000 (376 pound) 
barrels. French West Indies, took the 
largest volume, 349,000 barrels valued at 
$660,000. However, the best U.S. customer 
in dollar value was Canada, which bought 
220,000 barrels valued at $1,117,000. 
Canada also shipped 1,950,000 barrels to 
the U.S. in 1968 which were valued at 
$4,837,000. 

Meanwhile, imported cement entering 
the United States for consumption climbed 
to an alltime high in 1968, of 7.3 million 
barrels. Total value was $17,511,000. This 
is still only 1.8 percent of domestic port- 
land cement shipments, but the trend of 
recent years is significant. In 1963, total 
cement imports were 4.0 million barrels, 
1.1 percent of domestic shipments. Even 
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parentheses: 

In bulk, portland cement sold at the 
20-city average of $4.09 ($3.99) per ton, 
and ranged from a high of $4.95 ($4.95) 
at Pittsburgh, Pa. (Pittsburgh, Pa.), to a 
low of $3.60 ($3.45) in Detroit, Mich. 
(New York). In paper bags during 1968, 
the 20-city average price (carload lots) 
was $5.13 ($4.77) ranging from a high of 
$6.88 ($5.65) at New Orleans, La. (Pitts- 
burgh, Pa.), downward to $4.30 ($3.70) 
in Birmingham, Ala. (New York). Mortar 
cement selling prices across the country 
averaged $4.13 ($4.37) per barrel and 
ranged from a high of $6.40 ($5.20) at 
New Orleans (both years) to a low of 
$3.90 ($3.81) at New York. (Atlanta, Ga). 
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earlier, in 1958, total imports for consump- 
tion were 3.4 million barrels, which was 
also 1.1 percent of domestic shipments. 
Total 1968 cement imports were up 24 
percent over those of 1967. 

Throughout 1968, the Bahamas, Canada, 
and Norway provided 90 percent of all 
imported cement. Bahamian imports were 
up 25 percent from those of 1967, Canada's 
were up 16 percent, while Norway’s vaulted 
85 percent above those a year earlier. 

Effective January 1, 1968, Kennedy 
Round tariff rate reductions went into 
effect for certain cements imported into the 
United States. The rate of duty on white 
cement was lowered from 3 cents per 100 
pounds to 2½ cents; the rate for other 
hydraulic cement and cement clinker went 
from 2 ½ cents to 11⁄2 cents per 100 pounds. 


WORLD REVIEW 


Australia.—Capacity of the relatively 
new dry process cement plant of Goliath 
Cement Co., Ltd., at Railton in northern 
Tasmania, was increased from the original 
200,000 tons (1.6 million barrels) per year 
to 500,000 tons (2.9 million barrels) per 
year. Estimated cost of the expansion 
project was A$5 million (US$5.6 million). 
The company also constructed a fully 
automated dispatch terminal at Devon- 
port, on Tasmania's north coast. This type 
of installation is unique in Australia and 
is said to be one of the most efficient in 
the world. Cement is transported about 15 
miles from the Railton plant to the Devon- 
port terminal in aluminum railroad cars 


designed and provided by the Tasmanian 
Government Railways. 


Bolivia.—Boliviana de Cemento S.A., La 
Paz, placed a $2 million order for equip- 
ment and services in 1968 for an updating 
and expansion project at its cement manu- 
facturing facility at Viacha, Bolivia. The 
order was placed with Allis-Chalmers of 
Milwaukee, Wis., who supplied kilns to 
this location in 1930 and who must spe- 
cially design and engineer the new equip- 
ment because of the extreme altitude in 
which it will operate. The plant site, at 
12,800 feet above sea level, is said to be 
the highest cement-making operation in 
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the world. Present output is about 580 
barrels daily. After new equipment is 
operating the output will be around 1,150 
barrels daily or 35,000 barrels per month. 
Scheduled completion for the expansion 
is fall 1969. 


Brazil.—The country remained very short 
of necessary cement to complete local, 
State, and Federal Government work pro- 
jected and in progress. Construction activ- 
ity in the private sector also was very high. 
Allout efforts by the cement industry re- 
sulted in a 20-percent increase in cement 
production for the first half of 1968 com- 
pared with production in the same period 
in 1967. In September, nevertheless, the 
Governor of the State of São Paulo met 
with other Government officials and cement 
manufacturers to announce that it had be- 
come necessary for the State Government 
to import cement because of the short 
supplies and high prices for the domestic 
product. A number of using public agencies 
were requested to look into ways and means 
of obtaining cement from foreign sources. 


Canada.—Canadian cement producers 
continued their expansion activities during 
1968. Typical was the Clarkson, Ontario, 
wet and dry process plant of the St. 
Lawrence Cement Co., which completed an 
expansion and modification program more 
than doubling capacity and providing com- 
parable gains in economy and processing 
efficiency. A feature of the program was 
the installation of North America’s largest 
suspension preheater kiln system plus a 
related raw materials milling system and 
high speed bulk truck loadout facilities. 


Greece.— The Hellenic Cement Co.’s new 
$8 million plant at Drepanon, 10 miles east 
of Petras, went on stream June 26, 1968, 
with an annual productive capacity of 
350,000 tons (1.9 million barrels). The 
plant manufactures gray portland, high- 
early-strength, and masonry cement, using 
indigenous raw materials. It employs about 
200 people. Most of its output will go 
to western mainland Greece and the 
Peloponnesus. Financing was provided by 
a $1.5 million loan from the Agency for 
International Development, a $1.5 million 
European Investment Bank loan, and local 
sources. The company’s capital stock of 
$2.8 million is controlled by the Titan 
Cement Co. of Athens (55 percent), and 
the American Cement Corp. of Los Angeles 
(45 percent). 
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India.— Modernization and expansion of 
one of India’s largest cement plants, the 
Kalyanpur Lime & Cement Works, Ltd., 
was completed in 1968. The 38-year-old 
plant’s crushing and grinding systems were 
redesigned and enlarged. More efficient 
handling equipment was installed and a 
new 750-ton-per-day (4,100 barrels) wet 
process kiln was added. All systems were 
tied together by modern instrumentation 
and control circuits. Among other features, 
the plant’s three stationary kilns are direct- 
fired with pulverized coal produced and 
processed nearby. The plant has been de- 
signed so that electrostatic precipitators 
can be added later. As completed, the plant 
has a capacity of 1,200 tons per day (7,000 
barrels) or 2.5 million barrels per year. 
Output for next few years all is slated 
for construction projects in the Calcutta 
and New Delhi areas. 


Japan.—Japanese cement manufacturing 
companies totaled 22 in 1968. The three 
leading firms accounted for more than 
10 million tons of annual production capac- 
ity (58 million barrels). Latest available 
information indicates that there were about 
55 cement plants in Japan in 1968 which 
operated a total of around 220 kilns. Total 
annual capacity was estimated at about 
67 million tons (390 million barrels). 
Japan's cement association expected total 
demand for fiscal 1968 to be about 45.1 
million tons (262 million barrels). Japan 
ranks third in the world, after the United 
States and the U.S.S.R., in production of 
cement. 

During the fall of 1968, Tohoku Ship- 
building Co. was building for Kaiser 
Cement & Gypsum Corp. the first of three 
vessels for cement hauling service to South 
Vietnam and related areas. 


Morocco.—Cement consumption in Mo- 
rocco in 1968 rose 16 percent over that in 
1967, well above recent average annual 
increases. Between 1965 and 1967 the 
increases were about 6.6 percent per year, 
and in 1964—65 there was a 6.2-percent 
decrease in cement sales. The good showing 
of 1968 primarily was attributed to bur- 
geoning hotel construction and to rapidly 
expanding private housing. A number of 
dams were also under construction, but for 
the most part, they were of earth and rock 
fabrication with only a coating of cement. 
In all, only 30 percent of cement deliveries 
were reported as made to projects properly 
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Classified as in the public sector. Moroccan 
construction work consumed 1,015,838 tons 
(about 5.9 million barrels) in 1968, up 
from 874,000 tons (about 5.0 million 
barrels) a year earlier. Nearly all of 
Morocco’s cement comes from five plants 
in Casablanca, Meknes, Agadir, Tetouan, 
and Tangier. Only special cements, such as 
white, are imported. Morocco exported 
about 10,000 tons (58,000 barrels) in 1968, 
mostly to the Spanish enclaves of Cueta 


and Melilla. 


Norway.—Late in 1968, three Norwegian 
cement firms were to merge and become 
A/S Norcem. The companies were A/S 
Christiania Portland Cementfabrik, A/S 
Dalen Portland Cementfabrik, and Nord- 
land Cementfabrik A/S. 


Philippines.—An equity interest in the 
Philippine Rock Products Co. of Manila 
was purchased during 1968 by the Ameri- 
can Cement Corporation of Los Angeles, 
Calif. 


South Africa, Republic of. Work on the 
3,070-foot-long, 280-foot-high Hendrik Ver- 
woerd Dam on the Orange River 100 miles 
south of Bloemfontein was proceeding on 
schedule during 1968. Part of a 30-year 
water conservation project, the dam will 
be uniquely designed to withstand earth- 
quakes through a basic construction tech- 
nique using cement tetrahedrons rather 
than arches and cantilevers. At mid-1968 
2,000 cubic yards of cement were being 
poured per month and the aim for the year 
was a rate of 70,000 cubic yards per month. 
A feature of the dam and reservoir will 
be a 51'%-mile-long tunnel which ulti- 
mately will be lined with cement ranging 
from 9 to 20 inches thick. 
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Spain.—The American Cement Co. of 
Los Angeles, Calif, through its wholly 
owned subsidiary, American International 
Inc., acquired a 50-percent interest in 
Cementos Portland de Mallorca during 
1968. The investment was reported at $2.4 
million. American Cement was to have 
active management responsibility for the 
Mallorcan company and planned to ex- 
pand its annual output to over 1 million 
barrels. The firm enjoys being the only 
cement company on the Spanish vacation 
island which lies east of the mainland in 
the Mediterranean Sea. Mallorca’s con- 
tinued expansion as a tourist mecca has 
expanded demand for cement. 


Swaziland.—The Matola Cement Co. 
(Swaziland) Limited, subsidiary of a 
Portugese industrial group, was building a 
clinker-grinding facility during 1968 in the 
Matsapa Industrial Estate in Swaziland. 
Initial production of cement made at this 
plant was expected to be 30,000 tons 
(175,000 barrels) which could rise to as 
much as 100,000 tons (580,000 barrels) 
within a year. Limestone quarried in 
Mozambique was to be processed into clinker 
at limestone burning facilities in Lourenco 
Marques, using coal shipped in from 
Swaziland. The clinker will then be shipped 
to a new clinker grinding facility at Matsapa 
in Swaziland in iron ore railroad cars or 
trucks which would otherwise be returning 
empty to Swaziland. 


United Kingdom.—The new $690 mil- 
lion dry process cement plant of the Port- 
land Cement Co. was under construction 
at Cookstown, near the center of North 
Ireland, during 1968. Output was planned 
for September, at a rate of around 1.5 
million barrels annually. 


TECHNOLOGY 


Possibility loomed large in 1968 that the 
U.S. petroleum industry had finally found 
a standard, universally usable  oil-well 
cement. Cements manufactured in accord- 
ance with the Class H specifications of the 
American Petroleum Institute were being 
used successfully on all types of oil-well 
application all the way from cementing 
surface casing to downhole work as deep 
as 22,000 feet. Details of a nationwide 
survey into the cement's use, conducted by 
Halliburton Services, a subsidiary of Halli- 
burton Co., were set forth.? 


The Portland Cement Association's re- 
search in the area of rapid-hardening port- 
land cement resulted in development during 
1968 of a new formulation which was the 
basis for a patent application by the Asso- 
ciation. Tentatively named Jet-Set,“ the 
new product can be formulated to give any 
desired setting time from a few minutes 
to from 1 to 2 hours when used in mortars 
or concretes. The cement also features a 


6 Oil and Gas Journal. Elusive Standard Oil- 
Well Cement Near. V. 66, No. 26, June 24, 
1968, p. 55. 
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very high early-strength development and 
concrete made from it appears to have all 
the desirable properties of normal portland 
cement concrete. It can be manufactured 
by a single integral burn or by blending 
an enriched clinker with regular portland 
cement clinker. 


First commercial production run of the 
new cement was made in December 1968 
at the Demopolis, Ala., plant of the Lone 
Star Cement Corp. This first full-scale 
production run was for the purpose of 
determining production costs, seeking clues 
to possible operating problems and to make 
a large enough batch for full-scale product 
testing. Applications chosen for these tests 
were in road repairs, precast concrete 
panels, pipe, block, and other promising 
uses. 

There was some indication, throughout 
1968, that the so-called Marchon process, 
which uses byproduct gypsum to manufac- 
ture cement and sulfuric acid, was begin- 
ning to evoke interest in the Western 
Hemisphere. Natural gypsum, byproduct 
gypsum and calcium sulfate byproduct 
from hydrofluoric acid production as well 
as anhydrite can all be used as raw mate- 
rial feeds. The Marchon Process is con- 
trolled by a British firm, Albright and 
Wilson, Ltd. 

Power-Gas Corp. Ltd., of Britain re- 
ceived world rights to exploit the Marchon 
process technology early in 1968. Shortly 
thereafter, Power Gas Corp. of America, 
a subsidiary, was awarded a contract by the 
United Gypsum Corp. Ltd. of Vancouver, 
British Columbia, Canada, to make a 
feasibility study for a plant to produce 
sulfuric acid and cement. Location of the 
proposed plant is Skookumchuck, British 
Columbia, where United Gypsum holds 
large reserves of gypsum and anhydrite. 
Power-Gas was to survey the market poten- 
tial for both sulfuric acid and cement and 
make a report encompassing a survey of 
raw materials, site and mine development, 
and plant design. Power-Gas of America 
was also reported to have been engaged to 
build a Marchon process sulfuric acid- 
cement plant in Brazil for a specially 
formed subsidiary of the Chemoleum Cor- 
poration called Cimentos e Acidas Limitada 
(CIASA). The Brazilian plant was to be 
designed to produce 300,000 tons of sul- 
furic acid per year and a similar quantity 
of high-grade cement. No completion date 
was indicated. 
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Meanwhile, major South African cement 
producers were consulting with fertilizer 
makers concerning the possibilities of re- 
covering sulfur from the byproducts of 
fertilizer manufacture. Also to come from 
such processes were possible additional sup- 
plies of cement. 

Several other processes were described 
during 1968 as of interest in the United 
States, sparked primarily by the need for 
larger supplies of sulfur. The threat to U.S. 
cement manufacturers of byproduct cement, 
and the processes involved, were covered 
in two articles published during the year.“ 

The 10th Cement Industry Technical 
Conference sponsored by the Institute of 
Electrical and Electronics Engineers 
(IEEE) was held in May at St. Louis, Mo.“ 
Interest in the conference was worldwide, 
with 13 percent of registrants coming from 
foreign-based concerns. Seventeen techni- 
cal papers were presented, grouped under 
five general topical headings: General 
practices and process equipment, power 
distribution, maintenance and safety, drives, 
and automation. 

Cement specifications from standards 
organizations in 44 countries are included 
in a new reference book published in 
English in 1968 by CEMBUREAU, the 
European Cement Association in Paris. In 
addition to standards for portland cement, 
the various types of blast furnace and 
pozzolanic cements have been included. 
In addition to a wealth of other detail, a 
special section lists the names and addresses 
of national standards organizations through- 
out the world.? 

The American Society for Testing and 
Materials (ASTM) issued a book (cost—. 
$4.00) during 1968 covering some of the 
major problems of portland cement formu- 
lation, both from the point of view of 
manufacturing techniques and from the 
demands of published standards. Control 
and significance of consistency, air entrain- 
ment, and bleeding are discussed. The 
collection also covers the differences be- 


* Messman, Henry C. By-product Cement New 
Threst to U.S. Portland Cement Industry. Miner. 
Proc., v. 9, No. 10, October 1968, pp. 14, 165. 

Minerals Processing. European Process for 
Cement/Sulfuric Acid Production Comes to the 
United States. V. 9, No. 11, November 1968, 
pp. 14, 15. 

S Pit and Quarry. IEEE Sponsors Tenth An- 
nual Cement Industry Technical Conference. 
V. 61, No. 1, July 1968, pp. 72-76, & 183-184. 

9 The European Cement Association. Cement 
Standards of the World—Portland Cement and 
its Derivatives. CEMBUREAU, Paris, France, 
1968, 252 pp. 
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tween ASTM, American Association of 
State Highway Officials, and Federal 
specifications for portland cement and the 
consideration a manufacturer must give to 
these differences.” 

An article by J. C. Witt, consulting 
engineer, discusses the application of 
colored and white cements in building, 
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noting that improved quality and reduced 
plant costs are enabling both types of 
cement to compete successfully with other 
construction materials.” 


10 American Society for Testing and Materials, 


1916 Race Street, Philadelphia, Penn. 19103. 
11 Witt, J. C. The Wonderful World of Color. 
. v. 71, No. 7, July 1968, pp. 85, 
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80. 1 Sege 089.6 979,92 888.8 L88'6 920.6 9 B sesuB y 
689 “Z 908. LL 180.02 611.29 pro SI 908.61 888, YI 8 j!!! TTT ee LInOSSI]N 
929,1 928. LE 006, 81 568,95 ZIL st 77981 999,81 9 MEM 0b emor 
2001 Log es 2388.9 06612 389,9 261.2 219.9 i4 P "` BHSBIGON goe YING *ejoseuurjq 
918 28,823 612.8 880.68 891.6 568.8 956.8 9 EEE IddissISst]N "euutsimoq 
6291 Zyl. 87 519,21 og 019.99 598,91 162,81 85781 8 JFC wureqs[y 
282 593,95 888 81 138,8 8e, 88 869.11 891,61 809, IT 9 CECT epog ‘8131099 
DAN) 289.68 58921 20's 869.88 388,21 219,21 most 9 9 “BUTJOIBD YINOG ‘BUOIGO YHON "ena 
996 169.28 888 Lg 859.93 290.8 589.8 276. 9 JJC ⁵⁵ OP NIE LE sassouud J, 
TI8“I 225 8 Z¿S'6 88.8 99108 690,6 612.6 809, 6 5 T * oui 
581.2 (Een 493.81 08°8 8Lb'69 190,12 8571,61 996.0 A E ursuoos A, *Axonjuo5r "eent 
928.8 891,66 948,18 Gg 219.56 2359.6? 361. I8 298,6? 6 Bre ee uea3rqor W 
ve? 518,65 222,91 81.8 098.99 gz, I 68 SL 6 ee — 
899 oss‘0s 191,01 00.8 609.08 091.01 169,01 449,6 5 MEN CREER SIUIAILA 389A, "puejA1e]q 
914.1 809,998 FL II 01.8 888,28 109,0 1 LU 897.01 9 FFC gtuwA[Ksuuəd ul9389M 
906'c 699.98 Os, TS — 9L'6 50 2, 18 9696? 351.28 29682 LI FVV STRAUS uin 
ELTE: 900°94$  060'62 689 25 08, 918 918˙88 969°82 89°92 TI V oun OA MEN 

(Sp uus (spuss 
-noq}) S[9J18q RAA EN soi au 
2961 ao, punod-91g e83e1:04Ay — I[sqoL punod-918 8961 2961 2961 
puusno q.. pusesnouy, 
en[eA 9n[eA yuq 
Ge punod 8961 2961 (s[a11eq punod 
-9L8 pussnoq)) 5 -918 Pussnoq;) sjus[d AHD 
I6 90 SIU 18 8028 Siu duo. muouudi us uohonpo 


sjonsip Aq ,s pajru() IP ur x5ojs ur pue pod dus paonpoid uauoo puepuod pəqsrur—¿ qu. l. 
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Table 3.—Portland cement produced and shipped by plants 
in the United States, by types 


Shipments 
Production 
Type and year Active (thousand Thousand Value 
plants 876-pound 376-pound 
barrels) barrels Total Average 
(thousands) per barrel 
General use and moderate heat (types I and 
rt DEEN 181 2 347,954 846,052 $1,090,712 $3.15 
1). 8 181 2 348.665 352,431 1,095,639 8.11 
fͤ ß 3183 ? 359,493 358,446 1,102,940 8.08 
1d AS AA AET EE 4186 2 846,577 852,254 1,091,956 8.10 
Eege 3 180 ? 870,858 873,668 1,164,594 8.12 
High-early-strength (type III): 

dl eit ——T nn ee 144 5 12,873 12,530 44,124 8.52 
) y A em E 153 5 13,388 12,757 44,621 8.50 
19688... 20.206 ůĩ᷑gd EE 149 5 14,550 12,956 44,828 8.46 
)J%%•öÜ— e x LEE 145 5 12,899 12,188 42,4608 8.48 

h;; ³ A TNE 145 5 13,619 12,980 44,853 8.46 

Low-heat (type IV): 

Lt DEE 1 (°) (°) G 
J))... ⁵ ↄ A ³⅛ u e ei 8 
1JöͥÜ.õĩ⁵˙¹0ÆBſ. ⅛ o T ⁊ñ⁊ꝶxk m . wu „„ 8 
Dry rRNA y ðVddd ð ᷣ d ̃ ĩͤ TD 

OBS. occ ³ꝛ6AA AA. ðZ - ³ ¹¹ ¹¹ ʃ tʃ]nʃ́ß-!uʃ.ͥu—— 

Sulfate-resisting (type V) 
J..... neces = 16 446 898 1,448 8.68 
1965- on hse 8 19 512 425 1,648 8.88 
I sco LIO ctn c et 18 540 482 1,796 8.78 
77J%.ö.Ü ³ AA 18 870 560 2,023 8.61 
JJ. A 8 21 1,630 1,487 4,957 8.45 
Oil-well: 
N06 — ———— a 12 1,847 1,806 4,829 8.81 
1%%%%%/%/;ͥ»;»;% ͤ . a EAG 18 1,645 1,618 5,571 8.45 
ö ³ðQAA ⁰m E E 14 2,172 2,006 6,954 8.47 
OG EE eee a Ne ee a 14 2,518 2,413 9,251 8.88 
TEE 14 2,502 2,596 9,512 3.66 
White: 
J964- EE 5 72,189 2,111 14,821 7.02 
Är EES 5 72,241 2,128 14,517 6.82 
11 een aa a a a E 5 7 2,208 2,060 14,675 7.12 
EE 6 72,244 2,092 18,928 6.66 
1968. rl c hu ĩðâ EL ed 6 72,242 2,200 15,159 6.89 
Portland-slag and portland pozzolan 
UG EE 10 8 1,047 1,057 8,656 8.46 
LEE 8 6 8 967 913 2, 878 3.15 
ö S ĩͤ K ee ere 3 5 8 956 562 1,732 8.08 
EE 36 $ 818 780 2,610 8.86 
OG Beas En d ut ee 5 8 444 454 1,607 3.54 
Miscellaneous:? 

cl WEE EE 22 102 827 2,850 9,902 8.47 
e . 34 10 4 004 3,819 12, 989 3.40 
I960...-22. 50. ed Mie aes Ee, 39 1 4, 713 4,183 14,336 8.48 
Ee 32 10 3,473 8,780 18,384 8.59 
.. ³xK ĩͤ a a 43 10 4.214 4,118 14,887 3.61 

Grand total: 
f A 8 11 181 868,638 366,304 1,168,987 3.19 
ü enema cere ease 11181 371,422 374, 086 1,177, 868 3.15 
J ĩ5 ] k eee 411184 884,632 880,694 1,187,261 8.12 
11k a win remoti 11 12 188 869 ,399 874,017 1,175,605 3.14 
Eer 4 11 183 894 ,909 897,448 1,255,519 8.16 

Revised. 


1 Includes Puerto Rico. 
2 Includes air-entrained portland cement as follows (in thousand 876-pound barrels): 1964, 48,960; 1966, 


46,118; 1966, 46,022; 1967, 48,801; 1968, 40,608. 

3 Includes one plant which received clinker from another source. 

4 Includes two plants which received clinker from other sources. 

5 Includes air-entrained portland cement as follows (in thousand 876-pound barrels): 1964, 2,754; 1965, 
2,677; 1966, 2,611; 1967, 2,218; 1968, 2,049. 

* Less than 1⁄4 unit. 

7 Includes a small quantity of air-entrained portland cement. 

5 Includes air-entrained portland cement as follows (in thousand 876-pound barrels): 1964, 343; 1965, none; 
1966, 392: 1967, 167; 1968, 60. 

? Includes hydroplastic, plastic, and waterproofed cements. 

10 Includes air-entrained portland cement as follows (in thousand 876-pound barrels): 1964, 367; 1965, 775; 
1966, 853; 1967, 434; 1968, 528. | 

11 Includes number of plants making air-entrained portland cement as follows: 1964, 180; 1965, 182; 1966, 
129; 1967, 182; 1968, 125. 

1? Includes three plants which received clinker from other sources. 
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Table 4.—Shipments of prepared masonry cement from mills 
in the United States, by States 


(Thousand 280-pound barrels) 


Destination 1967 1968 


859 
198 
144 
57 
District of Columbia ! 249 
Ne TEE sS S ee Se ba 1,287 1,48 8 
GEODIA Led «ß :.. ⅛ . Ee 1,189 1,393 
Ni ð⁰”˙ͤ;ynſ ͤ ysß .. yk y y yd y 8 11 
UE ONS EC a pfs DIDI REOS Ehe Ff Buns 730 795 
e ß EE EE 808 845 
IDWES:lzoi- se ez. Rosen o A ie EECH 217 195 
et oe ß , e D E E 162 185 
Ee sa LL nt ð?êètſ ⁰yt ⁰ʒ EE 575 632 
hͥõĩõĩ³ĩê1êp'“¹wʃ ee oe y EENS 428 480 
7ö˙%ö˙§%5%t⅛i ⁵ↄx ::: f...... yd y ß 75 84 
Maryland ã ĩ ð˙² p ³·¹.¹wmꝛ ⁰˙mm. dd ⁰⁰⁰vd yy Zo Lic E 642 686 
Massachusetts 1... c sce c vena dau E oe .........................- 265 812 
III ⁰ ¹- &ñ y r 88 1,474 1,438 
inHesota. EE EE 8 419 455 
Mississippi ))j))%VVVVJCCCCõãĩù EE IN aulas Se: 874 893 
J//õõĩͤ ³]˙WA a ³ͤ;ewmi ͥ yk; ð d yd wts x 214 285 
E EEN 18 15 
e , , . 74 79 
7Cÿ11̃7ĩ¾²ö .. E yd k yt 8 W W 
New Hampshire ũ%oðV(qãꝗ ³WQA.³. ⁵ ]ð« K ⁰ͤ⁰⁰ydyy 8 70 78 
, . e e TELE 612 623 
New Mexico Ee EE ee OA 76 78 
New YORKER. nd . ins ese E E EE 940 898 
fe de EENEG 1,490 1,558 
North Dakota EEN 57 
Nae he eae ses NEN ⁵⅛ ̊:—ũnñ:fſ — oes 1,404 1,581 
Sils ꝛ d a A s dada t eee 267 290 
8) (0) + ROR eo ee nim V y ero EAE ae 1 2 
Eastern Pennsylvania.............-------e ee enn eee ee ee eee ee eee eee 452 460 
Western Dennsvlvsnig 616 646 
Rhode Island EEN 29 29 
South Carolina... . . . . nee 884 934 
Sar y d y y eS LP 51 50 
Tennessee... we eee we aae cesar 1,139 1,189 
NN suum l ³0m ag ³o!/yy ð Kd ͥůĩ᷑ H a S E E E A, 856 1,000 
Uibe e e Io X As y ęñꝶꝶmh) ... 8 5 
P es oc cee E he ⅛ðéͤ a ͥͥ m osa in 8 43 45 
JJ77JJ7õĩê5᷑ ⁵⁶ ̃. k y 1,161 1.296 
Fh ͥ ⁰ꝛ*Äàwͤz2. ͤ=ł́ d E DT Le 52 61 
West Virginia dd ß ee a S sS 240 246 
MESON AND C ica TSS ahha te PACEM DONNERA 482 486 
WV VOT a ↄ⁵Üðiiiiſſ ird ue Et d 11 14 
Total United States 21,526 22, 939 
Other countries ee ee ee eee we eee ee ee eee ee eee cece ccce 174 228 
Total shipped from cement plants._....................-.-------- 21,700 28 , 167 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.“ 
1 N -‘ncement producer. 
2 Direct shipments by producers to other countries and to Alaska, Arizona, and Nevada. 
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Table 5.—Prepared masonry cement produced and shipped 
in the United States, by districts 


Production 
Active (thousand Shipments from mills 
plants 280-pound 
barrels) 
District 1967 1968 


Thou Thou- 

1967 1968 1967 1968 and Value Average sand Value Average 
280- (thou- per 280- (thou- per 
pound sands) barrel penne sands) barrel 
arre 


New York, Maine 9 8 987 988 994 $2,284 $2.30 980 $2,172 $2.84 
Eastern Pennsylvania 3 11 11 1,978 2,217 1,980 5,048 2.62 2,026 5,868 2.65 
Western Pennsylvania 5 5 1,018 1,116 2,901 2.90 1,125 8,844 2.97 
Maryland, West Virginia 5 5 880 987 876 2,104 2.40 882 2,814 2.62 
/// ee eege 7 6 925 1,019 946 2,731 2.89 1,068 8,155 2.97 
Michigan 5 5 1,989 2,128 1,995 5,296 2.65 2,006 5,527 2.76 
Indiana, Kentucky, Wisconsin 6 6 3,033 8,218 8,012 9,184 8.05 8,209 8,491 2.65 
"T e Soe a es 4 8 595 591 1,851 3.18 602 2,097 3.48 
Tennessee 5 4 1,047 1,386 1,092 2,992 2.74 1,370 3,886 2.80 
Virginia, North Carolina, 
South Carolina. 7 6 1,951 2,072 1,905 5,904 3.10 2,087 6,312 3.02 
rgia, Florida... 4 3 1,026 1,011 1,046 2,918 2.79 1,006 2,889 2.82 
Alabama 9 9 2,508 2,848 2,877 6,988 2.92 2,528 7,309 2.90 
Louisiana, Mississippi 5 5 517 402 441 1,142 2.59 474 1,288 2.61 
Minnesota, South Dakota, 
Nebraska 4 4 256 279 246 829 3.37 250 865 8.46 
OW dc W ZT S cen 4 4 684 615 612 1,858 8.08 624 1,986 3.18 
xn msc Dp n Sua cu ET 6 5 487 854 871 1,172 3.16 405 1,812 8.24 
EEN 7 7 831 860 850 1,000 2.86 888 1,177 8.07 
Oklahoma, Arkansas 5 5 549 548 582 1,598 2.99 568 1,712 3.01 
MORE eee ee sas: 18 18 867 997 888 2,847 3.21 1,059 3,371 3.18 
Wyoming, Montana, Idaho 8 8 27 47 24 79 3.29 88 121 3.18 
Colorado, Arizona, Utah, 

New Mexico r 5 5 401 467 407 1,295 3.18 480 1,538 3.20 
Washington 5 4 65 63 65 00 8.08 56 176 8.18 
Oregon, Nevada J A meis als. 1 7 7.00 1 5 5.00 

Total ul ullu c So r184 126 21,961 28,201 21,700 62,168 2.86 28,167 66,259 2.86 

* Revised. 


Table 6.—Natural, slag, and hydraulic-lime cements produced, shipped, 
and in stock at mills in the United States 


Production Shipments 5 
— . — ——‚w i— — Dee. 
Year Active Thousand Thousand Value (thousand 
plants 876-pound 376-pound (thousands) 376-pound 
barrels barrels barrels) 
d EE 4 275 283 $1,057 76 
11J1öĩÜr:ů ß E 4 279 279 1.027 76 
1! EE 3 118 109 415 19 
196 ³ ³˙-¹AA m m ETR 3 95 94 360 21 
e . eiii to 8 86 &6 832 14 
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Table 7.—Portland-cement-manufacturing capacity of the United States,’ by districts 


Capacity Dec. 31 
(thousand 876-pound Percent utilized 


District barrels)? 
1967 1968 1967 1968 
h ee cc oe eee 87 ,225 84,192 71.7 83.9 
Eastern Pennsvlvanig „„„„ 37,194 37,392 77.9 86.0 
Western Pennsylvania gang 13 , 740 13,847 76.1 85.1 
Maryland, West Virginia `.. -222-2222222 12,650 12,650 76.5 83.7 
ONO -acere nenea E ee 19,749 19,744 74.8 75.4 
Mh tee 39,162 39,162 76.2 79.7 
Indiana, Kentucky, Wisconsin 24,700 23,193 84.9 82.6 
Ino. ß e ee SDS dee eT 11,600 11,600 82.8 88.8 
ei 10, 156 10, 156 78.2 84. 5 
Virginia, North Carolina, South Cerolng ------------------—- 16,900 16,900 14.3 74.1 
Georgia, Florida.......... 2.2.2 2222222222222 L eee 17,381 18,856 66.8 69.8 
WENN, n xx. eet 16 ,660 16,611 80.7 80.8 
Louisiana, Mississippi___._......._...-.....-_-_-__-___------.- 11,400 11,200 78.4 74.9 
Minnesota, South Dakota, Nebraska 9,117 9,099 71.4 79.1 
e Eege 15,462 15,462 88.8 87.6 
oe V ³ —— hte en Ce rn 27,210 29 ,296 54.7 67 .6 
/ ↄð ao et a eal ee aed ON 12,822 12,855 70.4 76.9 
Oklahoma, BA TEEN 15,400 15,500 80.8 81.2 
d TEE 46,199 47,798 69.9 71.5 
Wyoming, Montana, Idaho 222a aaan 5,100 5,100 68.3 74.9 
Colorado, Arizona, Utah, New Mexico 16,650 16,800 65.9 72.0 
hh y Sate 9,575 8,200 61.6 77.2 
Oregon, Nevada....._..__-----.--...---_-__---------------- 6,400 5,700 58.0 68.5 
Northern Celtornig _---- 21,700 21,700 82.4 84.9 
Southern California 40,600 42,600 59.6 67.8 
J)))))))JGGCGCCCTPT ddf/ k CHOR 2,700 2,700 53 .5 64.9 
Puerto Rico_____ et 11, 500 10, 750 69.2 88.0 
7/%!!ö˖Ü5—ĩũÄ é EE 508,952 509, 058 72. 6 77. 6 


1 Includes Puerto Rico. 
2 These capacities are estimates and/or approximations only, based upon the best information available 
from the companies operating each plant, but should not be taken as absolute values. 


Table 8.—Capacity of finished portland cement plants in the United States, by processes 


Capacity, Dec. 31 ? Percent of total 
——————————————— Percent of finished cement 
Process Thousand Percent capacity utilized produced 
376-pound barrels of total 
1967 1968 1967 1968 1967 1968 1967 1968 
JJC LEGS $13 , 735 814,432 61.6 61.8 71.6 76.2 60.8 60.7 
/// eee ee oe 195,217 194,626 88.4 88.2 74.1 79.8 89.2 39.8 
KT BEE 508 , 952 509,058 100.0 100.0 12.6 77.6 100.0 100.0 


1 Includes Puerto Rico. 
2 These capacities are estimates and/or approximations only, based upon the best information available 
from the companies operating each plant, but should not be taken as absolute values. 


Table 9.—Portland cement clinker produced and in stock 
at mills in the United States,’ by process 


Thousand 376-pound barrels 


Number of plants ? ——————————————————————————— 
Clinker Production Stocks on Dec. 31— 
1967 1968 1967 1968 1967 1968 
W Ob sees oes ese eed 116 115 230,906 243,391 10,899 11,654 
Dry Sus e a i es 72 68 147,670 154,630 11,916 10,880 
zz sasda auas 188 183 378,576 898,021 22,815 22 , 584 


1 Includes Puerto Rico. 
3 Three plants received clinker from other sources (1967); two plants (1968). 
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Table 10.—Production and percentage of total output of portland cement 
in the United States, by raw materials used 


(Quantities in thousand 376-pound barrels) 


Cement rock and Limestone and clay Blast-furnace slag 
Year pure limestone | or shale ? ? and limestone 


Quantity Percent Quantity Percent Quantity Percent 


L0 WEE 85,884 28.8 260,376 70.6 22,9778 6.1 

LEE 84, 860 22.7 266 ,148 71.7 20,914 5.6 

1986... os perderse Em eue dde 86,095 22.4 277, 597 72.2 20, 940 5.4 

1J;§Ü·Ü -˖˖-łR .... 8 r 72,281 r 19.5 281,704 76.3 * 15,464 r 4.2 

1968_......................... 77, 19. 6 304, 861 77.2 12,492 3.2 
r Revised. 


1 Includes Puerto Rico. : 
? Includes output of plants using marl and clay; 2 pants in 1964, 1965, 1966, and 1967; 1 plant in 1968. 
3 Includes output of plants using oystershell and clay; 11 plants in 1965, 1966, and 1967; 12 plants in 1964 


and 1968. 


Table 11.—Raw materials used in producing portland cement in the United States’ 


(Thousand short tons) 
Raw materials 1966 1967 1968 
Sr ³⁰¹ww ni ðz pusu dE 21, 072 21 , 842 
Limestone (including oystershell 7 84,068 80,013 88,751 
OP d³ ͤ ww EE 76 6 701 
Clay and shale ꝶ uu 11, 545 11,574 12,489 
Blast-furnace sing... me e E ut Ll e cL .................- 1,132 1,0 : 
I! ⁵ ²ù” ]]]]].]]. ⁰⁰ſõyßd dy ſydy ß sedens 3,280 3,264 3,427 
Sand and sandstone (including silica and quartz) 7ʒ/ʒ .- . . . .. ..-.- 1,920 1,467 1,807 
Tron materials eebe lee ce e dE. 714 658 652 
Miscellaneous: 288 225 481 
7//õ·ßͤ ! ³ð . a E E sus 124, 781 120, 519 128, 186 
1 Includes Puerto Rico. 


* Includes fuller’s earth, diaspore, and kaolin. 
3 Includes iron ore, pyrite cinders and ore, and mill scale. 
4 Includes fluorspar, punicite, calcium chloride, soda ash, borax, staurolite, fly ash, bauxite, diatomite, air- 


entraining compounds, and grinding aids. 


Table 12.—Finished portland cement produced and fuel consumed by 
the portland-cement industry in the United States, by processes 


Finished cement produced Fuel consumed 
Year and process Thousand Coal Oil Natural gas 
Plants 876-pound Percent thousand (thousand (thousand 
barrels of total short tons) 42-gallon cubic feet) 
barrels) 
1967: 
// A 117 228,927 60.5 5,258 4,865 188 , 928 , 856 
PJ cece Me cis 71 146,072 89.5 8,888 591 56,794,140 
T es 188 869,399 100.0 29,096 4,956 195,717 ,496 
1968: 
N ee cs 114 289,672 60.7 5,551 4,987 140, 486, 474 
EE deer 69 155,337 89.3 8,957 775 62, 484, 980 
lll eue 188 894,909 100.0 3 9,508 5,762 202 ,921 , 454 


1 Includes Puerto Rico. 
3 Comprises 288,809 tons of anthracite and 8,857,445 tons of bituminous coal. 
s Comprises 180,681 tons of anthracite and 9,827,170 tons of bituminous coal. 
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Table 13.—Portland cement produced in the United States, by kinds of fuel 


Finished cement produced Fuel consumed 
Year and fuel Thousand Coal Oil Natural gas 
Plants §876-pound Percent (thousand (thousand (thousand 
barrels of total short tons) 42-gallon cubic feet) 
barrels) 
1967: 
Coül.cisocsewasnerenUa 68 ? 126,255 84.2 D.I6N — lasso A 
EH Oz ee ec 7 215,531 3 3, 4hhl·))) . 
Natural gas 45 2 73, 530 19.9. ao esso 8 89,704,241 
Coal and oil........... 18 7,428 10.1 1,628 POOR. Cupp S 
Coal and natural gas 25 47,785 12.9 1,187 33,391, 828 
Oil and natural gas 22 55,091 15.0 u.s 554 57,558, 770 
Coal, oil, and natural gas. 8 18, 829 3.7 113 32 15,062, 657 
Tot! 188 869,399 100.0 3 9,096 4,956 195,717,496 
1968: 

/ A 8 60 2132, 741 33 .6 6.98]. ee Ee 
RI BE 7 2 16,948 633 A o ve 
Natural gas .- . 48 ? 91,956 20.0. 22-220 — Xxx 107,305,858 
Coal and oil 18 41,378 10.5 1,772 1.140. L1: 
Coal and natural gas 24 48,013 12.1 1,187  ........ 82,585,007 
Oil and natural gas 19 48,172 2272272 1,162 47,883,961 
Coal, oil, and natural gas. 7 15, 706 4.0 168 140 15, 146, 628 
r ss 188 894,909 100.0 49,508 5, 762 202 , 921,464 


z Revised. 

1 Includes Puerto Rico. 

2 Average consumption of fuel per barrel of cement produced as follows: 1967—coal, 97.7 pounds; oil, 0.2198 
barrel; natural gas, 1,220 cubic feet; 1968—coal, 96.1 pounds; oil, 0.19589 barrels; natural gas, 1.167 cubic feet. 

3 Comprises 288, 809 tons of anthracite and 8,857,441 tons of bituminous coal. 

4 Comprises 180,681 tons of anthracite and 9,927,170 tons of bituminous coal. 


Table 14.—Electric energy used at portland cement plants 
in the United States, by processes 


Electric energy used Average 
Finished electric 
Generated at cement energy 
portland Purchased Total roduced used per 
Year and process cement plants d barrel 
—  — Y — 376 of cement 
Active Million Active Million Million pound produced 
plants kilowatt- plants kilowatt- kilowatt- Percent barrels) pd 
hours hours hours hours) 
1967: 
Metteg 15 844 113 5,088 5,882 58.8 224, 752 28.9 
7 22s 16 872 72 2,902 8,774 41.2 144,647 26.0 
Total. c. es 81 1,216 185 7,940 9,156 100.0 369,399 24.7 
Percent of total 
electric energy 
usedʒdʒl/ -02---- 113 86.7 //. ͤ A Ae 
1968: 
CCC 11 387 109 5,284 5,621 58.7 289,572 28.4 
77 15 873 68 3,075 3,948 41.3 155,337 25.4 
TOU. x s2z 26 1,210 177 8,359 9,569 100.0 394,909 24.2 
Percent of total 
electric energy 
used... .... ouem shes 12.0. sasasi 87.4 100.0- // chew» wasa d 


1 Includes Puerto Rico. 
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Table 15.—Shipments of portland cement from mills in the United States,“ 
in bulk and in containers by types of carriers 


In bulk In paper bags ? Total shipments 
Year and type of carrier Thousand Thousand Thousand 
876-pound Percent 376-pound Percent 876-pound Percent 
barrels barrels barrels 

1967: 
d Nett EE .---- 233,651 69.3 29,092 78.8 262,748 70.8 
Railroad. ................- S 96,350 28.6 7,264 19.7 103,614 27.7 
BOBÜ.. sis esuoioue oda ede PEENE 7,012 2.1 572 1.5 7,584 2.0 
Used at the plant TE iare D: tees . 
S AA 337,084 100.0 36,933 100.0 874,017 100.0 
Percent of total................- 90.1 2:29 9.9 iai. 100.0 ....... 

1968: 
iki ³ð A 8 252, 565 70.4 31,722 82.3 284,287 71.5 
Rings,, . . . . . . ......... 94,654 26.4 6,588 17.0 101,192 25. 5 
D08082 SZ; 8 11,650 3.2 267 7 11,917 3.0 
Used at the plant DL, ` ! 3 5535 
S/, a 358,919 100.0 38,529 100.0 397 , 448 100.0 
Percent of total...............- 90.3 ....... 9.7 laescas 100.0 ....... 


1 Includes Puerto Rico. 
2 Cloth bags and other containers included with paper bags to avoid disclosing individual company con- 
fidential data. 
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Table 17.—Destination of shipments of all types of finished portland and 
high-early-strength cement from mills in the United States, by States 


(Thousand 376-pound barrels) 
Finished portland High-early-strength 
Destination —————— — <—r< Tx 
1967 1968 1967 1968 

AA ³·- ee Oe u Sie 5,681 6,178 81 82 
ea ONE ee oe ee ede eee ele W WwW W 
KT EES 8,579 4,440 W W 
JJJJôõõĩÜ500ĩ]ĩðI é y ³ v y A oe egos 4,486 4,437 81 13 
Northern California 16,490 17,788 28 86 
Southern California 21,700 26,848 146 226 
Colorado... on os 4,591 4,936 87 17 
85553 JJ y dd IU eat opa 3,701 4,818 299 329 

.. 8 1, 126 1,010 59 
District of Columbia 2222244222222 1,295 1,427 27 16 
T ́˙ð˙iààn)⁰ù ] ⅛˙⁰mQAmQ—. ee ]¾ . ĩͤ 8 14, 524 16,292 887 975 
COMOROS AA ð˙â„fuâ d ( 9,354 9,784 202 287 
Eõͤõ]⁰Ü¹.àmà %⁰;d,. ] m y a a e 1,841 S/ ee 
)))) ³·¹ſ yk utu 2 D 2 1,180 1,780 55 60 
Heute Eed 19 ,060 20,885 578 566 
Indiíiang...... ee A eee ee ................. 10,699 10, 218 381 878 
TOW EENEG 9,035 8,0 97 
JJſ0ͤ0 y aca A a 4,755 5,729 57 
(( ³ow d 5,988 7,250 126 181 
ÉITER 11,7738 12, 545 42 122 
Im h et bt e Eee 987 1,017 46 59 
Maryland ³˙²uſ ͥͥ ͥͥͥ]A¹ſũ ea 6,722 6,438 886 818 
Massachusetts jj 6,063 6,547 459 478 
Mell 8 16, 386 16, 158 858 920 
eee, . y cade dt e 8,366 : 241 895 
1 j i 4,224 4,871 1 12 
; ͥͥͥͥͥͥͥͥ E E TE ñð d i 8 9, 355 9,70 200 229 
Menn ⅛5 1,092 1,488 1 16 
ebraskk a.. 4,896 4,870 153 158 
Nevada: ] ß ee Ni eua esas uu u SS SSO 1,164 1,850 8 
New Hampshire 916 1,087 59 78 
New Jersey 1 9,855 10,819 497 466 
New Mexico 2,351 2,851 121 121 
New York... l at ec dy m er Tl. 17,544 17,691 961 1,005 
North Carolina LL Lc ccce ................... 7,477 7,388 276 801 
North Dakota !,..... 22-22 eee eee eee ee 984 922 29 48 
Ohio occum ß e dE 18,484 20,018 400 487 

Oklahoma. ..........-- cec „66 ; 6,046 88 
Udo SEENEN 8,416 8,622 104 100 
Eastern Pennsylvania 10,707 11,164 478 449 
Western Pennsylvania 6,819 7,301 218 218 
Rhode Island 2.2.2 eee ee eee .. ............... 1,221 1,091 118 128 
South Caroling 2-26 ese ch ce e ee een 8,932 4,041 112 182 
South Dakota........ Lc ccc ccce c cese cse eee ee eee 1,199 1,543 54 67 
Tennessee EENEG 6,770 7,280 196 206 
Texas....._..........-..... PAM Oar a aoe oe eae 26,955 28,856 1,504 1,498 

Di]. EEN , 891 2,0 4 

ef! 641 728 61 
qoe UID a EE 8,814 8,921 846 408 
Wines Ee 7,368 6,686 631 652 

West Virginia 2,905 2,097 98 
Wisconsin........ c ccce cse ces cec ecce ccce asa seas 10,000 S 366 349 
Woll dcr 985 978 10 5 
Total United State 864,299 387,472 12, 096 12,916 
Other countries. nns ? 9,718 29,976 392 3 64 
Total shipped from cement plants 874,017 897,448 12,188 12,980 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.” 
1 Noncement producer. . 
? Direct shipments by hacia A to foreign countries, the State of Alaska, and to Puerto Rico, including 
distribution from Puerto Rican mills 
3 Direct shipments by producers to other countries and the States of Alaska and Arizona. 
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Table 18.—Average mill value in bulk, of cement in the United States’ 


(Per barrel) 
Natural Prepared 
Year Portland slag, and masonry All classes 
cement?  hydraulic-lime cement ° $ of cement 5 
cements ? 
Er SEN $3.19 $3.73 $2. $3.22 
h k ĩð ĩͤ adu ise 3.15 8.68 2. . 18 
1908 ³o³V / ³é A ĩ 3.12 3.74 2.8 8.15 
1/;öǗ ˙à— r ;̊ mr ⁰ 3.14 3.87 2.86 8.17 
J yy ³ A ĩ 3. 16 8.86 2.8 19 
1 Includes Puerto Rico. 
2 376-pound barrels. 
3 Includes masonry cements made at portland, natural, and slag cement plants. 
4 280-pound barrels. 
5 Includes masonry cement converted to 376-pound barrels. 
Table 19.—U.S. exports of hydraulic cement by countries 
(Thousand 376-pound barrels and thousand dollars) 
1966 1967 1968 
Destination — —.n,n"PNrD., - — — 
Quantity Value Quantity Value Quantity Value 
5 222 Eh ĩði 8 7 330 9 378 9 $56 
Klee EZ Se 88 166 45 288 44 217 
Beleium- Luxembourg S hea oie d Am E EE 1 82 1 20 7 55 
Pollo... e e E 4 4 4 42 
Canada. ᷑ ũ½⁵)u . .. .. ................... 496 2,180 849 1,426 222 1,117 
Chile- u a eed es ee r ĩ Ä ade EE 7 53 2 28 8 40 
ponen Republic... 0a 0an 1 9 6 25 8 17 
EE kin DPA EAE 5 20 5 21 1 10 
French be Ince JJ aT TE e 160 847 210 509 849 660 
Ee W Kee 3 28 1 31 4 80 
Indones NCMO EON ³¹AA ĩðW6³A K E E (1) 4 6 60 16 149 
7 86 14 108 5 40 1 5 
I SES 2 24 8 28 2 16 
ama f. 8 3 41 5 28 5 
777ÜĩêÜ%e ⅛ h yd ⁰ et ts ae 127 8 155 11 197 
Leeward and Windward Islands 64 180 104 278 180 271 
JJ y V 8 34 128 5 22 1 
Meets J Lee SS Oe asua D EE 120 87 260 17 197 
Netherlands. .......................-_----- 4 18 1 2 10 
Netherlands Antilles 4 9 29 75 42 87 
icaragua -2-2.2 8 14 3 17 10 67 
eet hy mm wr 8 6 25 67 468 (1) 4 
OPW sd eo LL E E 8 13 4 16 12 
Pakistall.. lge 1 6 1 5 (1) 1 
PONG ING joo md y . te i 2 27 8 20 1 16 
Per... 2.25: 222 0.2250. rr a ea ole 10 70 15 103 6 42 
Philippines 8 8 52 8 29 
DERI. uo a Se ele te 8 114 7 49 8 14 
EE 8 14 1 16 1 22 
KT EE 8 88 2 26 1 20 
Trinidad and Tobago 1 8 4 83 (1) 2 
United Kingdom 8 19 2 8 5 28 
Venezuela... AN 8 21 2 13 2 27 
Vietnam, South 8 17 2 10 ( 1 
Western Africa, n. e.e ------------- 9 39 8 28 4 88 
GF§ö;ꝛ ꝛ?˙̈ .. ³K 36 331 21 199 30 308 
// ˙¹ðͥiiwꝛꝛ ͥͥͥͥͥ lu 2; ce 1, 069 4,886 980 4,452 942 8,884 
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Table 20.—U.S. imports for consumption of cement 


(Thousand 376-pound barrels and thousand dollars) 


Roman, portland, Hydraulic White 
and other cement nonstaining Total 
e hydraulic cement clinker portland cement 
ear —  —[ iəs Zs: as D —————— — n 
Quantity Value Quantity Value Quantity Value Quantity Value 
Loee 6,211 $15,000 648 $1,847 207 $996 7,066 $17,846 
1967...........- r 5,591 713,058 r 185 r 757 187 888 5,913 14,698 
1968...........- 7,003 16,236 152 242 215 1,088 7,870 17,511 
t Revised. 


Table 21.—U.S. imports for consumption of hydraulic cement in 1968, 
by countries and customs districts 


(Thousand 876-pound barrels and thousand dollars) 


Quantity Value Quantity Value 
county Customs district—Continued: 
Bahamas s 3,076 $7,801 ous ton 2 314 
Belgium- Luxembourg 129 05 /// ocd 3 16 
Canada A 1,950 4,887 Los Angeles 16 73 
Colombia 406 849 Miel 8 993 2,459 
Denmark................ 24 125 Milwaukee (1) (1) 
Fran ee 1 8 Minneapolis (1) (1) 
Germany, West 18 185 Movie soe 222 0-2.2- 91 97 
AT: . E 52 219 New Orleans 4 17 
Mexico 8 16 New York -a-a 1,458 2,999 
Netherlands (1) 1 Norfolk 444 1,042 
Nora... 1,665 8,055 Ogdensburg.............- 59 218 
e tsedis enian 1 5 Pembina................ 159 616 
nited Kingdom 22 159 Philadelphia 38 316 
Venezuelaa. .. . . . 1 2 Portland, Maine.......... 16 64 
Yugoslavia. ............. 22 149 Portland, Oregon......... 8 28 
— Providence. ............- (2) (2) 
ett 8 7,870 17,511 St. Albans............... 2b 104 
== Q, —— San Francisco (3) 

Customs district: San Juan. 539 1,490 
Anchorage 22 190 Savanna ng 10 71 
Brideeport. 570 944 Seattle 25 

üffalo.....:.l.zuzi2- 1,630 3, 546 Tampa cece 1,241 3,053 
Detroit 1 
Great Falls 19 67 Pe öB³ mD es 7,370 17,511 
Honolulu 2 14 


1 Less than Le unit. 
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Table 22.—World production of hydraulic cement, by countries 


(Thousand 376-pound barrels) 
Country 1964 1965 
North 1 
Allr ege ³ĩðâ 8 N 
Canada (sold or used by producers) 42 ,075 44,432 
Costa Re . . eR cece ce es 19 69 
Cube * 1 2 2-222 a 8 4,726 4,697 
Dominican Republica 1,747 1,243 
El Salvador᷑ -2-2-2 ĪįÃ- 528 475 
Guatemalaa aa 1,091 1,978 
1 eo Soe ees ere Le. 828 246 
Heel ees e lee 428 551 
CT EE 1,624 1,823 
Meese .. ............. 25,904 25,286 
icaragua__.... ee .. EEN 858 887 
Panama. .... cn. lw ............... 783 973 
Trinidad and Tobago 1,032 1,114 
United States (including Puerto Rico).... 385, 886 888,847 
South America: 
Argentina____._..... . .. ˙ .......-.....- r 17,070 19,378 
Te yuyos bogs r 38 852 
Bras... uu cele ecb eeu 82,975 r 82, 957 
CRG u c ee 8 7,429 r 6,962 
Colombia r 11,515 r 12,081 
Zeunsdß ee ce cekeecs 1,689 1,906 
Paraguaꝝ . 135 170 
( ³˙iAAſ ek 4,767 5, 968 
UruguAy......ccceccscc LA RETE eRSS r 2,856 r 2,479 
Venezudis 10,847 „888 
PUO: 
banil. lo ueILuvovaenseobesdsasws 745 879 
AUSTIN. obo ¾ ũ ̃ ͤ ::: :::: dnd NE RR SAL 22, 099 2,3711 
Belgiumnmenmeumdd̃dd -0-2 34,277 34,623 
Bulgaria.................-...-.-.-.--- r 15,154 15,720 
Czechoslovakia.......................- 82,207 83,497 
Denmark... e 11,129 11,700 
Finland. us . ie swa 9,217 10,378 
Fine EE ECCE eR 126,278 131, 138 
Germany 
East ~e d Db e e e e e d ge e „6 oO g e e e 88,814 85,690 
Wi CSU Ee 197, 195 200, 182 
FCC §ö;ðͤ ˙ wececucete cesses „667 18, 83 
Hungar Fr 18,233 13,972 
Iceland. lodo one Duci S 638 66 
Fee ⁵ð y So us 5, 705 6,168 
Italy: cile ᷣͤ K 133,918 121, 841 
Luxembourg 202 „302 
Netherlands 16, 845 17,432 
P6»ↄUy !, ] .. ees 9,035 9,399 
al EE 51,868 56,129 
Portugal... ³ðV/ſſ/ ͤ y ACESÉaTE 9,510 9,850 
Rumania 27, 862 31,697 
Spain (includes Canary Islands) 49 ,888 r 56,830 
Wedeh. 202225. EE 21,260 22,184 
Switzerland... .... 2:5. . . ...........- 25,841 28,682 
CIE EE 880,728 424,433 
United e .......- 99,47 r 99,450 
VugoslaviiaKagngdgd ............ 17, 819 18,18 
Africa: 
AT, TEE 4,608 4,888 
KT, TEE 1,255 1,487 
Cape Verde Islands. 70 e 70 
Congo (Kinshasa) 1,819 1,454 
Fed 8 258 563 
ONG. DEMNM 
Ivory CONSU... ac x uade me. “beiecbeese 
EN ³ imꝶ¾ ̃] mm x EENS 2,474 2, 838 
Malagasy Republik r 252 229 
Malawi... . ... A . .. ......... 182 182 
reer é 5, 435 4,632 
Mozambique 1,067 1,290 
iger. JJ upan IE NA NA 
VCC oÜðdA˙• ⁰˙ũm es 8,887 5,764 
Rhodesia, Southern e... 1,466 1,466 
C10 0 SUPR enn, 1,202 1,06 
Sout Africa, Republic of ------ 20,258 22,761 
SOLID occ cece hese wr 469 


1966 


1,248 
401,771 


r 20,416 


1,118 
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Table 22.—World production of hydraulic cement, by countries—Continued 


(Thousand 376-pound barrels) 
Country 1964 1965 1966 1967 1968 » 
: EE unii 8 281 878 914 
Tunisia U l... s. S. ¿s.s L 2,668 2,662 2,808 2,766 ° 2,754 
C1111 ¹˙ AA su ra 428 768 5 
United Arab Republic 14,781 14,201 r 14,810 16,144 NA 
FERRO MODEM NECEM ME 885 ,296 1,2 ; 1,641 
Afghanistan 0-22-2220 202022220 788 997 1,026 762 1,087 
Bull: RM 768 792 174 
Cambodia e 59 e 293 846 e 852 e 852 
%%%%é§Üé⁵vBO00ùů.. ............... 440 504 487 1,108 1,801 
China (mainland) 61,566 64,496 64,496 46,880 52,740 
PUG sheet och ouch SE p ay aypa 410 575 580 1,412 
ong Kong, e 1,261 1,418 1,448 1,260 1,618 
ee 56,815 62,022 r 64,794 : ; 
Indonesia 2, 574 2,140 1,982 2,051 2,408 
MERCURIUS 4,868 4,601 8,171 8,175 ° 8,204 
/C;ͤĩ˙Ü¹¹ A educ died , 408 7,534 7,869 ° 8,204 ° 8,204 
Israel._______._........ ......... 8 48 7 ,888 6,848 N ° 7,082 
Japan o ͤ d ee kee Ce EE 198 ,877 191,665 224,959 251,939 281,838 
6111111 ˙¹ AA y esi egi e , 188 2,199 I : 
Korea: 
North 9... 1 .. ............... 15,803 14,072 14,658 16,286 
S/; ³ðW 88 : 9,463 11,028 14,298 20,982 
Lebanon n 5,166 5,687 6,426 5, 5,809 
Meolsveia ... -2-2.2 2,782 4,8 * 4,981 e 4,898 5,274 
"EC 9,065 10,009 * 10,818 11,943 14,281 
Philippines. eu 7,042 8,966 5 12,376 15,494 
Saudi Arabia 1,519 1,483 1,466 1,898 e° 2,844 
PJ) edm dde e 1,172 1,190 2,275 2,760 8,8238 
S Arab Republic 98,723 98,952 8,618 e 8,516 e° 8,575 
B1WON f ⅛ĩͤ ͤK T E 13, 808 14,330 18,247 20,494 29,899 
Thailand.....................---- see 6,215 : 8,695 10,179 18,869 
J A OO 17,288 19,518 22,662 24,899 27,786 
Vietnam: 
Neill... 3, 805 4,397 ° 4,397 e° 4,397 e° 2,980 
i Sl! m den ee 440 1,143 792 1,061 860 
Australia e e mc 21,260 22,292 21, 542 22,368 28,080 
Fiji Islands 182 295 240 275 299 
New Zealand 4,620 4,987 5,148 4,770 * 4,477 
Totalet9. u ĩð coz; zy coeds eck 2,487,486 2,548,258 2,722,068 r 2,881,956 2,985,279 


* Estimate. P Preliminary. * Revised. NA Not available. 


1 Sales. 
2 Year ended March 20 of year following that stated. 
3 Total is of listed figures only. 
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Chromium 


By John L. Morning! 


Metallurgical-grade chromite prices for 
1969 deliveries rose as the United Nation’s 
economic sanctions against Southern Rho- 
desia continued for the second year. The 
removal of Southern Rhodesian chromite 
from the marketplace reduced metallurgi- 
cal-grade chromite imports, and stocks 
dropped to the lowest level since 1952. 
However, sales of surplus chromite from 


the Government stockpile increased the 


available supply by 134,574 short tons in 
1968. Chromite under contract for delivery 
in 1969 and subsequent years totaled 
over 400,000 tons. 


Legislation and Government Programs.— 
A barter contract negotiated in 1964 was 
completed during the year with a final 
shipment of 1,000 tons of high-carbon 
ferrochromium to the Government stock- 
pile. 


Government sales of chromite were con- 
centrated in a long-range program for the 
disposal of metallurgical-grade chromite 
in excess of stockpile needs. Sales totaled 
614,444 tons, and deliveries totaled 134,574 
tons. Deliveries in 1967 were revised to 
71,179 tons. Chromite sold under contract 
for shipment in 1969 and subsequent years 
totaled 437,406 tons at yearend. In Octo- 
ber, the General Services Administration 
(GSA) offered for sale 184,000 tons of 
metallurgical-grade chromite on a com- 
petitive bid basis. No acceptable bids were 
received, and the material was reoffered 
for sale under negotiated offers. Most of 
the chromite was sold early in 1969. GSA, 
in reoffering 22,400 tons of chemical-grade 
chromite, found no takers for the third 
successive year. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient chromite statistics 


(Thousand short tons) 


United States: 


Imports for consumption 
Consumption 


Stocks Dec. 31: 


World: Production 


1964 1965 1966 1967 1968 
mac 6 7 19 8 18 
— 82 95 178 157 126 
— 1,428 1.518 1, 864 1.240 1,084 
--- 1,451 1,584 1,461 1,355 1,316 
-.. 1,287 1,111 1,306 1,197 895 
--. 4,588 5,301 4,843 4,720 5,206 
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Table 2.—U.S. defense materials inventories and objectives 


(Thousand short tons) 


Inventory by program, Dec. 31, 1968 


Com- 
Defense modity 
Type of material Objective Produc- Credit 
ational tion Corpora- Total 
stockpile Adminis- tion and 
tration supple- 
mental 
stockpile 
Chromite, chemical: Stockpile grade 591 559 484 1,048 
Chromite, refractory: 
Stockpile gerade... H „„ 1,425 1,047 ....... 880 1,427 
Nonstockpile grade ff neuem (*) 
Chromite, metallurgical: 
Stockpile grade 2,509 2,087 (1) 878 2,460 
Nonstockpile grade 767 91 ....... 1,668 
Ferrochromium, high-carbon: 
Stockpile grade 65 125- ¿L 6 276 401 
Nonstockpile grade. ............................. ----- Ms Sees, ks Je 1 
Ferrochromium, low-carbon: 
Stockpile grade 80 107 191 298 
Nonstockpile gr added 00 Bees 20 
Ferrochromium- silicon: 
Stockpile grade 58 25- — 31 56 
Nonstockpile grade ——w „„ 1 2 3 
Chromium metal, electrolytic: Stockpile grade ek, X Zu 8 4 
Chromium metal, aluminothermic: Stockpile grade d. ¿ubus (DLL 4 4 


! Less than 14 unit. 


DOMESTIC PRODUCTION 


Domestic mine production of chromite 
ceased in 1961 when the last Government 
Defense Production Act contract was con- 
cluded. However, the United States in 1968 
continued to be the free world's leading 


chromite consumer, in producing chro- 
mium alloys, refractories, and chemicals. 
The principal producers of these products 
follows: 


Company Plant 
Metallurgical industry 
Airco Alloys and 1 Carbide Division, Air Reduction Co. Ine SE City, ke 
Niagara Falls Y. 
Charleston, S. C. 
Chromium Mining and Smelting Cord tock, Tenn. 
Fõote Mineral Co- ðB/ſ ͥͥ⁰ſydd yd y y nas Vancoram, ‘Ohio. 
Graham, W. Va. 
Interlake Steel Cor Beverly, Ohio 
Ohio Ferro-Alloys Corp... Brilliant, Ohio. 
Takoma, Wash. 
shieldallóy h / ð y ee Newfield, N.. 
Union Carbide Cor rr ee eo eee eek seek cece Niagara Falis, N.Y. 
Marietta, Ohio. 
Alloy, W. Va. 
Refractory industry: 
A. P. Green Refractory Ckc oheõo o Mexico, Mo. 
The Babcock & Wilcox Co__..____________-_______ eee Augusta, Ga. 
J ↄ ³ un. ͥ⁰ſãyſdyſſſſ Addſꝗ ⁰⁰⁰⁰yy ea 88 Maple Grove, Ohio. 
Corhart Refractories Coo Buckhannon, W. Va. 
Louisville, Ky. 
E. J. Lavino & Co. (Division of IMC Newark, Calif. 


General Refractories Coo 
H: K: Porter Co,.lhe.——— ⅛˙·a».·.·. ³ A ee EM AE e 
Harbison-Walker Refractories Co. (Division of Dresser Industries, Inc.) 
Kaiser Aluminum Chemical Corp... 


North American Refractories Coo 
Ohio Fire Brick Co 


Chemical industry: 


Plymouth Meeting, Pa. 
Baltimore, Md. 
Gary, Ind. 

Lehi, Uta 
Pascagoula, Miss. 
Warm Springs, Calif. 
Hammond, Ind. 
Moss Landing, Calif. 
Columbiana, Ohio. 
Womelsdorf, Pa. 
Jackson, Ohio. 


Diamond Shamrock EE :.:... ĩ⅛˙* . Le Kearny, N.Y. 
Painsville, Ohio. 
Imperial Color & Chemical Department, Hercules Ine -.-------------- Glenns Falls, N.Y. 


PPG Industries, Inc 


Corpus Christi, Tex. 
Baltimore, Md. 
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CONSUMPTION AND USES 


Of the total chromite consumed, the 
metallurgical industry used 61 percent, 
the refractory industry 24 percent, and 
the chemical industry 15 percent. Bureau 
of Mines statistics do not include the 
quantity of chromite consumed as chromite 
sand for use as a molding material in the 
foundry industry. Worldwide usage for this 
application has been estimated at 70,000 
to 80,000 tons.“ 

The metallurgical industry consumed 
796,000 tons of chromite containing 271,- 
000 tons of chronium in producing 369,000 
tons of chromium ferroalloys and chromium 
metal. An additional 8,000 tons of chro- 
mite, containing 4,000 tons of chromium, 
was added directly to steel. Of the 796,000 
tons consumed in making chromium ferro- 
alloys and metal, 772,000 tons averaging 
50.1 percent chromic oxide (Cr2O3) was 
classified by consumers as metallurgical- 
grade ore; 10,000 tons averaging 44.0 per- 
cent Cr2Os was classified as chemical-grade 
ore; and 14,000 tons averaging 37.5 per- 
cent Cr9Os was classified as refractory- 
grade ore. Eighty-five percent of the metal- 
lurgical-grade ore had a chromium-to-iron 
ratio of 3:1 and over; 12 percent had a 
ratio between 2:1 and 3:1 and 3 percent 
had a ratio of less than 2:1. 


Producers of chromite-bearing refrac- 


tories consumed 310,000 tons of ore con- 
taining 73,000 tons of chromium. An 
additional 1,000 tons was used directly in 
furnace repairs. The chemical industry 
consumed 202,000 tons of chromite con- 
taining 62,000 tons of chromium in pro- 
ducing 147,000 tons of chemicals (sodium 
bichromate equivalent). 

A new chromium alloy was introduced 
by major ferroalloy producers. The alloy 
contains 40 to 42 percent chromium, 39 
to 42 percent silicon, and 0.05 percent 
carbon. With its higher chromium-to-silicon 
ratio and low cost, it was expected to have 
an economic advantage over other ferro- 
chromium-silicons. 

Union Carbide marketed a new ferro- 
chromium alloy containing 62 percent 
chromium, 5 percent manganese, 1.5 per- 
cent silicon, and 5.25 percent carbon. 
The new ferrochromium was claimed to 
have a 40 percent faster solution rate, 
thereby allowing steel producers to make 
large ladle additions without increasing 
tapping temperature. Additional benefits 
claimed were reduced refractory costs, in- 
creased recoverles, better overall furnace 
operation, and less segregation in ingots. 


2 Industrial Minerals. Chromite Sand: A 
Fourth Dimension for Ore Suppliers. No. 18, 
October 1968, pp. 9-18. 


Table 3.—Consumption of chromite and tenor of ore used by 
primary consumer groups in the United States 
(Thousand short tons) 


Metallurgical Refractory Chemical Total 
industry industry industry 
Year — — — —ͤ—ͤ— 
Gross Average Gross Average Gross Average Gross Average 
weight Cr:0s weight Cr203 weight CrOs weight Cr:03 
(percent) (percent) (percent) (percent) 
ß; r 832 49.0 480 33.8 189 45.1 1,451 44.0 
Eege ec 907 49.8 460 84.7 217 45.0 1,584 44.8 
9] ˙¹ oe eo 828 49.6 439 34.6 194 44.9 1,461 44.5 
ER nee ee a Ts 866 49.7 810 84.0 179 45.2 1,855 45.5 
1968. o; 2:2. 522-22 804 49.7 811 84.1 202 45.1 1,816 45.4 
Table 4.—Production, shipments, and stocks of chromium ferroalloys 
and chromium metal in 1968 
(Short tons) 
Production Producer 
Alloy Shipments stocks 
Gross Chromium Dec. 31 
weight content 
Low-carbon ferrochromium - ..........................- 90 ,474 68 ,694 92,810 18,109 
High-carbon ferrochromium...........................- 183,816 126,741 176, 124 29,981 
Ferrochromium silicon... ....................-... l.l... 76,862 31,078 71,916 10,375 
Other d o c 0 -ꝶ= ðV mts 8 17,511 13,381 17,962 2,485 
% oS ee ³ ³ A ee De 868 , 662 284, 894 364, 812 55, 950 


1 Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous 


chromium alloys. 
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Table 5.—Consumption, by end uses, and stocks of chronium ferroalloys 
and metal in the United States, in 1968 


(Short tons) 
Ferrochromium Ferrochromium Other 
silicon chromium 
Low Carbon High Carbon alloys ! 
Gross Con- Gross Con- Gross Con- Gross Con- 
weight tained weight tained weight tained weight tained 
weight weight weight weight 
Steel (ingots and castings): 
High speed and tool 1,129 788 2,658 1,748 217 101 16 16 
Stainless 119,655 82,578 71,270 47,792 60,643 24,048 801 200 
Alloy (excluding stainless) 18,568 9,263 42,711 27,986 „702 4,131 323 180 
Aarbon.-. ce ee ee M ,999 836 5,856 ,594 2,606 1,188 1,127 588 
Other steel 1,187 818 286 166° ene ceed. 821 164 
Cast roh... c.r eee 1,878 1,107 7,475 4,986 23 11 322 238 
Cutting and wear resistant materials. 161 118 1,110 106. Luz cia 76 68 
Welding and hard facing rods and 
materials 450 308 813 554 Mu woe: 179 176 
Nonferrous alloys..............-.- 8,822 6,805 891 586 588 278 2,177 2,079 
Miscellaneous and unspecified ?.___ 4,166 2,819 2,765 1,823 1,565 789 5 487 
IS 22 tue med 152,215 104,940 135,830 90,010 75,844 80,485 5,246 4,196 
Consumer stocks Dec. 31, 1968 14,062 NA 10,290 N 8,95 N 86 N 


NA Not available. 


1 Includes aluminothermic and electrolytic metal and other chromium alloys. 
2 Includes electrical materials, catalysts and other chemical and ceramic uses. 


Interest continued in the development 
of chromite sand as a molding material in 
the foundry industry. 

As part of a program to develop methods 
of utilizing domestic chromite resources, 
Bureau of Mines’ researchers conducted 
low-temperature chlorination studies on 
various types of ferrochromium.* The ob- 


jective was to devise a method for separa- 
tion of chromium and iron in low-quality, 
high-carbon ferrochromium. Iron was suc- 
cessfully volatilized as the chloride, while 
chromium remained in the residue as a 
nonvolatile chloride. Recovery of the chro- 
mium in a leach solution of the residue 
varied from 82 to 93 percent. 


STOCKS 


Chromite stocks dropped to the lowest 
quantity since 1952. Although chemical 
and refractory chromite inventories were 
more than adequate at yearend, metal- 
lurgical chromite stocks represented about 
5 months’ supply. Producers’ stocks of 
chromium alloys increased 7 percent, 
whereas consumer stocks decreased 21 
percent. Stocks of chromium chemicals 
(sodium bichromate equivalent) at pro- 
ducers plants decreased from 9,115 tons 
in 1967 to 8,150 tons in 1968. 


Table 6.—Consumers’ stock of chromite, 
Dec. 31 


(Thousand short tons) 


Industry 1964 1965 1966 1967 1968 
Metallurgical..... 509 443 468 459 381 
Refractory......- 600 526 578 486 807 
Chemical 178 142 265 252 207 

Total 1,287 1,111 1,306 1,197 895 


PRICES 


Metallurgical-grade chromite prices 
moved substantially upward in October 
because 1969 Soviet chromite contracts 
called for an increase of about $9 per ton. 
The Turkish chromite price also moved 
upward, increasing $3 per ton; the. South 
African Transvaal chromite price remained 


unchanged during the year. 


Chromium alloy prices were unchanged 
until late in the year when high-carbon 
ferrochromium, charge chrome, and block- 
ing chrome prices were increased 0.4 cent 


3 Middleton, J. M., and F. F. Bownes. Chromite 
Sand Its Application in the Steel Foundry. 
Ind. Miner., No. 18, October 1968, pp. 15-18. 
Work cited in footnote 2. 

4de Beauchamp, R. L., and T. A. Sullivan. 
Low-Temperature Chlorination of Ferrochro- 
mium: BuMines Rept. of Inv. 7088, March 1968, 
pp. 
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per pound of contained chromium. Early 
in 1969 the prices of low-carbon ferro- 
chromium products were reduced 2 cents 
per pound of contained chromium. 
Imported high-carbon ferrochromium 
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was quoted about 3 cents lower per pound 
of contained chromium than domestic mate- 
rial; imported charge chromium was quoted 
about 1 cent lower per pound of contained 
chromium than domestic. 


Table 7.—Price quotations for various grades of foreign chromite in 1968 


Cr:Os 

Source (percent) 
South Africa, Republic of (Transvaal). 44 
dh 48 
U.SS NEE 48 
USS EES 54-56 


Chromium-iron Price per long Price per long 
ratio ton, Jan. 1 ! ton, Dec. 31 ! 
LE $19 .00—$21.50 $19 .00-$21 .50 
8:1 84.50— 35.50 87.50- 38.50 
A]. — — TT 40.00- 42.00 
4:1 86.50— 40.00 45.20- 49.20 


1 Dry basis, subject to penalties if guarantees are not met, f.o.b. cars Atlantic ports, price nominal. 


Source: Metals Week. 


FOREIGN TRADE 


Exports and reexports of chromite ore 
and concentrate decreased in quantity but 
increased in value compared with those of 
1967. Exports were mainly to Canada; 
reexports were primarily to Canada and 
Mexico. 

Ferrochromium exports to 16 countries 
totaled 27,127 tons valued at $5,734,690, 
and reexports totaled 345 tons valued at 
$124,251. Reexports decreased substantially 
compared with those of 1967. Belgium- 
Luxembourg, Canada, West Germany, and 
the United Kingdom received the major 
quantity of exports, and Canada received 
most of the reexports. 

Chromium and chromium alloys, wrought 
or unwrought, and waste and scrap ex- 
ports totaled 87 tons valued at $186,373. 
Canada, France, Japan, and the United 
Kingdom were the main recipients. 

Exports of non-pigment-grade chromium 
chemicals totaled 667 tons valued at 
$674,557. While the quantity of these 
chemicals dropped 6 percent, the value 
increased sharply compared with 1967. 
Canada, Brazil, Japan, and Mexico were 
the leading recipients of the 30 countries 
receiving shipments. Exports of pigment- 
grade chromium chemicals totaled 140 
tons valued at $153,314. Of the 19 coun- 
tries receiving shipments, Canada, France, 
South Vietnam, and Venezuela accounted 
for 86 percent of the total. 

Exports of sodium chromate and bichro- 
mate totaled 4,794 tons valued at $949,004. 


Canada (68 percent), Colombia (22 per- 
cent), and Mexico (3 percent) received 
93 percent of the total shipments. 

Imports of chromite ore decreased for 
the second year, owing to United Nations’ 
economic sanctions against Southern Rho- 
desia. Metallurgical-grade ore (over 46 per- 
cent Cr9O3) comprised 45 percent of total 
imports, chemical-grade ore (40 to 46 
percent Cr203) comprised 35 percent, and 
refractory-grade ore (under 40 percent 
Cr2Os) 20 percent. 

Imports of chromium-containing pig- 
ments were as follows: Chrome green, 87 
tons; chrome yellow, 3,311 tons; chromium 
oxide green, 686 tons; hydrated chromium 
oxide green, 208 tons; molybdenum orange, 
106 tons; strontium chromate, 4 tons; and 
zinc yellow, 1,271 tons. Belgium-Luxem- 
bourg, Japan, Norway, and Poland sup- 
plied most of the imports. 

Imports of unwrought chromium, other 
than alloys, and waste and scrap totaled 
1,366 tons valued at $2,052,518. Japan 
and the United Kingdom were the princi- 
pal suppliers. Chromium carbide received 
from Poland and West Germany totaled 
89 tons valued at $344,916. 

Imports of sodium bichromate and chro- 
mate increased 40 percent over those of 
1967. Imports totaled 11,568 tons valued 
at $1,895,150 and were received princi- 
pally from Italy, Japan, Republic of South 
Africa, and the U.S.S.R. 
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Table 8.—U.S. exports and reexports of 
chromite ore and concentrates 


(Thousand short tons and thousand dollars) 


Exports Reexports 
Year — — — 
Quantity Value Quantity Value 
1966....... 19 $740 173 $7,119 
19677 8 328 157 5,422 
196888 13 517 126 5,351 


Table 9.— U.S. imports for consumption of ferrochromium, by countries 


Low- carbon ferrochromium High- carbon ferrochromium 
(less than 3 percent carbon (3 percent or more carbon) 
Year and country Short tons Short tons 
————————————— Value —— Value 
Gross Chromium (thou- Gross Chromium  (thou- 
weight content sands) weight content ean Is) 
1967 
Belgium-Luxembourg...............  ......-. „„ 551 882 $92 
e uaea O S 2,261 1,625 $605 28 19 5 
Germany, Weste 4,902 3.662 1,413 1,499 1,043 271 
lfüly--.— o uccu eebe ` Se, ` See weed wed 1,102 185 
DODO 22: s ne See mde Y tau 1,516 1,025 895 r 2,103 1,411 819 
NENNEN eege 6,417 4,483 1,706 842 595 155 
South Africa, Republic oz 22 ,416 13,731 5,168 2,565 1,480 323 
Sweden 7,347 5,410 2 098. u A Exe as 
r he Soe teow 8,792 2,662 JJ Seen. redes aad 
USSR ete ene oes 164 120 JJ!Cöͤò⁰˙ 8 
Vugoslava a 154 109 Ug llo rue ͤ w uu dile E 
Total... cus See aon TE 48,969 32,827 12,408 r 8,690 5,646 1,350 
1968 
ann. 3 J ˙ w Au. II 
e s motiu suu SZ SSS 2,945 1,714 634 58 86 11 
ony: 00000 el ioc: 6,444 4,857 1,827 2,862 1,601 387 
e ß ß tt 1,102 175 
P EE 477 314 127 1,778 1,196 297 
INOPWAY EECH 6,085 4,489 1,611 66 46 15 
South Africa, Republic of 25,250 16,430 5,903 1,746 954 198 
Sweden__ Exe BEE 6,545 4,846 1,802 1,158 680 156 
Türkey EE 3,314 2,351 196 ĩͤJJJ “DS 
Yupoclavia PM eer re eae a saa eae 1,094 778 SEN eebe ee e 
S/ A roana 51,557 35, 780 12,958 8,259 5,229 1,239 


Table 10.—U.S. imports for consumption of chromite, by grades and countries, in 1968 


(Thousand short tons and thousand dollars) 


More than 40 


Not more than 40 percent but less 46 percent or more Total 
percent Cr+Os than 46 percent Cr2O3 
Cr203 
Country —— ——n——,nrS-ae— —œ—wœ 
Gross Cr2Os Gross Cr+Os Gross Cr+Os Gross Cr+Os 
weight con- Value weight con- Value weight con- Value weight con- Value 
tent tent tent tent 
Albania Daaa dee. 6 2. 26120 ..:.— wees sQ 6 2 $120 
Philippines 167 55 / eeh, ` tee, ee Gudan unes 167 55 3,088 
esia, Southern 1 (3 LE uz. ͤ KT (!) 
South Africa, | 
Republic of 25 9 834 307 136 8,828 92 46 $1,040 424 191 4,702 
Turkey ---------- 30 12 405 62 27 1, 135 59 29 1,430 151 68 2,970 
Coo eee ne eee eo F — — — 335 183 7,297 335 183 7,297 
Total 222 76 3,827 376 165 4,594 486 258 9,767 1,084 499 18,188 


1 Less than Le unit. 
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Table 11.—U.S. import duties 


Tariff Rate of duty, 
classifi- Articles Jan. 1, 1969 ! 
cation 
CHROMIUM ORES AND METAL PRODUCTS 
601.15 Chromium Op ³ð Ä e S 
607.30 Ferrochromium, less than 3 percent earbo nn 6.5 percent ad valorem. 
607.31 Ferrochromium, over 8 percent earbdooe nn 0.625 cent per pound on 
chromium content. 
682.18 Unwrought chromium other than alloys; waste and scrap ?..........- 8 percent ad valorem. 
CHROMIUM CHEMICALS AND RELATED PRODUCTS 
420.08 Potassium chromate and dichromate... -0-2-2222 1.8 cents per pound. 
420 .98 Sodium chromate and dichromate. __........-----._-----.-------- 1.4 cents per pound. 
422 .92 Chromium earbide 222-222 eee 10 percent ad valorem. 
CHROMIUM PIGMENTS 
473.10 Chrome green-.._..... ces oe ect ..................... 8 percent ad valorem. 
473.12 Chrome yello ww „ ee Do. 
473.14 hromium oxide green Do. 
473. 16 Hydrated chromium oxide greg Do. 
473. 18 Molybdenum orange k «4«õł„ „„ Do. 
478.19 Strontium chromate.. e-news Do. 
478.20 , ße ENEE Do. 


1 Not applicable to Communist countries. 
2 Duty temporarily suspended on waste and scrap. 


WORLD REVIEW 


Canada.—Chromium Mining and Smelt- 
ing Corp. planned to expand its processing 
facilities at Beauhanois, Quebec, in order 
to secure greater efficiency. Plans do not 
call for increasing the furnace capacity of 
the plant. 


Finland.—The Outokumpu Oy. ferro- 
chromium plant at Tornio started opera- 
tions in 1968 and produced 836 tons of 
ferrochromium. In conjunction with the 
ferroalloy plant, a concentrating plant at 
Kemi initiated operations in 1967, treating 
33,500 tons of crude ore in producing 
7,037 tons of chromite concentrate. In 
1968, the plant processed 118,000 tons of 
crude ore in producing 39,900 tons of 
concentrate. 


Greenland.—Large, low-grade chromite 
deposits near the Fiskenaesset Peninsula 
were discovered in 1964, and geological 
studies were made in 1965 and 1966.° No 
attempt was made to quantify the total 
resource, but the survey indicated a very 
large, low-grade resource base. Analytical 
studies indicated that the CrgOg content 
of the chromite averaged 32.7 percent and 
total iron oxide (FeO) averaged 31.8 per- 
cent. The chromite also contains vanadium 
varying from 0.2 to 0.5 percent vanadium 
pentoxide (V205). 


India.—Chromite was mined by both 
open-pit and underground methods. Hand 


mining predominated in both types. Open 
pits rarely exceed 30 to 35 meters in 
depth and are limited in length and width 
to small openings. Underground opera- 
tions merely follow the ore in random 
patterns, thus limiting the extent and depth 
of development. Partial mechanization em- 
ployed at the Tata Iron and Steel Com- 
pany’s Kittaburu (Orissa) operation in- 
cludes a crushing plant, hydraulic classi- 
fier, and Wilfley tables for concentration; 
most of the mined ore, however, is crushed, 
sorted, jigged, and panned by hand to 
obtain the required product sizes and 
qualities. 


Japan.—Japan’s fast-rising ferroalloy in- 
dustry planned to import about 780,000 
tons of chromite during the year. Plans 
called for production of about 212,000 
tons of ferrochromium in 1968 and 284,- 
000 tons in 1971. 

Nippon Ferro Alloys Co. dropped plans 
for producing  extra-low-carbon  ferro- 
chromium with Union Carbide Corp.'s 
patented Simplex process in favor of 
Nippon Kokan K.K.’s vacuum process 
for making low-carbon ferrochromium. A 
new plant was expected to start production 
in 1969. 


5 Ghisler, Martin, and Brian F. Windley. The 
Chromite deposits of Fiskenaesset Region, West 
Greenland. Geol. Survey of Greenland, Copen- 
hagen, Denmark, Rept. No. 12, 1967, 89 pp. 
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Table 12.—World production of chromite, by countries! 


(Short tons) 
Country 1964 1965 1966 1967 1968 » 

South America: 

Brazil 5... 886 10,406 18,695 16,495 7,567 15,247 
- Colombig ....--.---------- 441 28i tee musei cr eum Ca ete, 

Albania 3 EOM T Be W 838,218 842,000 845,000 860,000 e 360, 000 

Fin ad zac Mc c mer madii, RM E NA Bu 89 ,899 

Greeeee 4 r 56, 100 r 55, 800 r 61, 500 13,228 e 14,8 

USSR. T7711 1,435, 000 1, 565, 000 1,653,000 1,731,000 1,820,000 

Yugoslavia . F „398 88,021 59,757 51, 987 e 52, 000 
Africa: 

Malagasy Republica ` 12,974 2,008. Turu zs Juega aps, C nct EL 

Rhodesia, Southern 498,871 645,501 

South Africa, Republic of... 986,468 1,038,498 1,169,488 1,266,615 1,270,667 

Sudan e g ------------ 18,700 3,000 19,0 20, 83, 

Cyprus 8,300 5,501 11,532 24,087 27,672 

e st 2 88,547 65,791 85,601 120 , 740 226 ,698 

Iran €. 1. 5 cs eds r 108,000 r 142,200 r 155,000 165,000 176,000 

JODO UU L eee 48,452 46,114 36,192 49, 837 30, 745 

Pakistan 14, 884 15,972 29,924 29,071 28,683 

Philippines 515, 969 611, 288 617,426 462, 694 446,282 

Turkey sesso ce ete 454, 907 625, „078 583, 232 r 409, 108 e 664,800 
Oceania: 

Australia 80 T 154... ecsc 

S/ ⁰˙mq AA ] . odo 2ceouce 2.010. seed 

World total ͥ ͥ V ` r 4,583,210 75,801,399 4,843,147 4, 720, 085 5,205,998 


e Estimate. P Preliminary. r Revised. 


NA Not available. 


1 Chromite was also produced in Bulgaria, Cuba, Rumania, and North Vietnam, but data not available. 


2 Bahia only. 


3 Output from U.S.S.R. in Ania included with U.S.S.R. in Europe. 


4 Total is of listed figures only. 


Philippines.—Acoje Mining Co. planned 
to expand production of metallurgical- 
grade chromite as a result of an agreement 
with Japanese consumers. Production could 
increase to 160,000 tons annually during 
the next 3 years. Japan is committed to 
take 132,000 tons annually. 


Rhodesia, Southern.—The United Na- 
tions’ economic sanctions against Southern 
Rhodesia continued for the second year. 
Reportedly, chromite production was cur- 
tailed sharply, and output was being stock- 
piled. Despite the sanctions, an intensive 
hunt for minerals, including chromite, has 
been conducted. Seven exclusive prospect- 


ing orders for chromite and other minerals, 
covering 553 square miles, have been 
granted during the past 2 years. 


Sudan.—Geological exploratory work was 
conducted on a chromite deposit in the 
Blue Nile Province by the Kamal Abdel 
Moneim International Co. If exploitable, 
a new 50-mile road would have to be con- 
structed to the railhead at Roseries. 


Turkey. 
Exploration Institute lists known reserves 
of chromite at 5.7 million tons and the 
estimated resource at 100 million tons. 


TECHNOLOGY 


Union Carbide Corp. developed a sim- 
plified manufacturing process for stainless 
steel. The addition of argon to the oxygen 
used in blowing stainless steel to remove 
carbon reduces the carbon monoxide par- 
tial pressure from 1 to 0.1 atmosphere in 
the melt chamber. This allows the carbon 
in the melt to be preferentially oxidized 
without oxidizing the chromium charged. 


Increased yields of the low-cost high- 
carbon ferrochromium charged helps to 
give an economic advantage to the process 
because less high-cost low-carbon ferro- 
chromium is necessary to bring the melt 
to final specifications. 

Various processes have been developed 
in recent years for production of tin-free 
steel for the packaging industry. The 
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elimination of tin would substantially re- 
duce the cost of container manufacture and 
meet increasing competition from alumi- 
num containers. Bethlehem Steel Corp. de- 
scribed its process for a chromium-plated 
steel which is suitable for beer and car- 
bonated-beverage packaging. 

The Bureau of Mines studied the feasi- 
bility of preparing chromium metal by 
thermal decomposition of bisbenzene chro- 
mium.' Chromium recovery was close to 
100 percent, although the metal was con- 
taminated by 0.3 percent carbon at low 
operating temperatures and by more than 
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10 percent at higher temperature. A 
unique property of the deposited metal was 
its corrosion resistance to mineral acids. 
Bureau scientists developed a method 
for preparation of anhydrous chromous 


chloride (CrCle).° 


6 Ward, G. W., and S. E. Rauch, Jr., Bethle- 
hem's Chromium Coated Tin Mill Product. Blast 
Furnace and Steel Plant, v. 56, No. 5, March 
1968, pp. 229-2834. 

7 Nas h, B. D, T. T. Campbell, and F. E. 
Block. Chromium by Thermal Decomposition of 
Bisbenzene Chromium. BuMines Rept. of Inv. 
7112, 1968, 19 pp. 

8 De Beauchamp, Robert L., and Thomas A. 
Sullivan. Preparation of Anh ydrous Chromous 
Chloride. BuMines Rept. of Inv. 7194, 1968, 7 pp. 
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Clays 


By J. Robert Wells ! 


Domestic clay production in 1968, estab- 
lishing a new annual record in terms of 
both tons and dollars, was nearly 5 percent 
greater in volume than in 1967 and slightly 
more than 5 percent higher in total value. 
Increases in both tonnage and value were 
reported for each of the individual types 
of clay, with the exception of fire clay 
which, although up about 1 percent in 
quantity, remained practically unchanged 
in aggregate dollar returns. Georgia, with 
an output of 5.1 million tons, continued in 


first place in total production, and with 
$89 million in total value, overtopped the 
next ranking State in that respect by a 
factor of almost 5. In 1968, exports of 
clay—approximately one-third shipped to 
Canada—outweighed imports about 20 to 
1 both in value and in volume. Worthy 
of mention is the fact that the total tonnage 
of exports was over 32 percent greater than 
in 1967 and almost twice times the figure 
of just 5 years earlier. 


Table 1.—Salient clay and clay products statistics in the United States 


(Thousand short tons and thousand dollars) 


Clay refractories, shipments (value) 
Clay construction products, shipments (value) _ _ _ 


t Revised. 


1966 


1964 1965 1967 1968 
52,947 55, 126 56,718 54, 664 57,288 
$192,631 $204,982 $221,714 $228,987 $246,898 
848 850 1,074 1,149 1,519 
$24,973 $25,595 $81,185 $82,482 844, 184 
1 110 139 108 97 
$2,638 $2,187 $2,883 82, 285 $1,951 
$205,267 $228,876 $248,516 r $225,116 $229,660 
$569,200 $578,190 $554,667 $538,110 $590,776 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY 


KAOLIN 
The quantity of kaolin sold or used by 
domestic producers in 1968 was 6 percent 
greater than in the previous yearend, with 
a substantial advance in the reported unit 
price, represented a 14-percent increase in 
total value. 


Imports of kaolin, mostly from the 
United Kingdom but with small quantities 
from three other countries, maintained the 
downward trend of recent years, declining 
to a total of about 75,000 tons valued at 
$1.4 million, almost one-fifth less than the 
92,000 tons and $1.8 million in 1967 and 
not much more than half the 1966 imports. 


Kaolin exports, on the other hand, have 
been growing notably for a number of 
years, and the 1968 totals, 390,000 tons 
and $13.0 million—up from 322,000 tons 
and $9.9 million in 196/7—attested to the 
continuation of an expansion that, within 
the 1964—68 period, has been nearly three- 
fold in both value and tonnage. Canada, 
accounting for about one-fifth of the ex- 
ported material, was the leading recipient, 
followed by Japan, Italy, and West Ger- 
many. About 50 other countries received 


minor quantities that ranged from 2 tons 
to 19,000 tons. 


1 Physical scientist, Division of Mineral Studies. 
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BALL CLAY 


Domestic production of ball clay in 1968 
reversed the declining trend of the last few 
years and went on to establish record highs 
for both volume and value. Tennessee, the 
foremost producing State, with more than 
two-thirds of the total output, was followed 
in order by Kentucky, Mississippi, Cali- 
fornia, Texas, and Maryland. 

Consumption of ball clay increased in 
roughly the same proportion in all the 
major use categories in 1968, so that the 
overall use pattern was essentially an ampli- 
fied replica of that of 1967. 

U.S. imports in 1968 included 14,025 
tons of unbeneficiated ball clay and 3,359 
tons of beneficiated ball clay, both pre- 
dominantly from the United Kingdom and 
valued at $182,348 and $98,291, respec- 
tively—tonnages and values not notably 
different from the corresponding figures for 
1966 and 1967. 

Ball clay prices were quoted in Oil, Paint 
and Drug Reporter, December 30, 1968 
as follows: Domestic, air-floated, bags, car- 
load lots, Atlantic ports, $49 to $50.75 
per ton; domestic, crushed, moisture-re- 
pellant, bulk, carload lots, Tennessee, $8 
to $11.25 per ton; imported, air-floated, 
bags, carload lots, Atlantic ports, $49.50 
to $50.75 per ton; imported, lump, bulk, 
Atlantic ports, $31.50 to $37.50 per ton. 


FIRE CLAY 


The total quantity of fire and stoneware 
clay sold or used by domestic producers 
in 1968 was 1 percent greater than in 
1967, the first such increase since 1965, 
but the reported total value represented 
a fractional decline. 

Fire clay exports decreased in 1963 for 
the third consecutive year in both tonnage 
and dollars, amounting to about 152,000 
tons valued 3t $2.7 million, as compared 
with 176,000 tons and $2.8 million in 1967. 
The 1968 figures for tonnage and value 
were the lowest since those recorded in 
1961 and 1959, respectively. Imports of 
fire clay were insignificant. 

Some details of operating innovations in 
the open-pit mining of Missouri fire clays 
that enabled a major refractories producer 
to achieve substantially increased produc- 
tion and important cost savings were re- 
ported in a magazine article.? 

Control of Quigley Co. Inc., a major 
manufacturer of fire clay and specialty 
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refractories, was acquired by Chas. Pfizer 
& Co. Quigley will be operated as a Pfizer 
subsidiary. 

A description was published of the ex- 
panded facilities of the Johns-Manville 
Corp. at Zelienople, Pa., where insulating 
firebrick are manufactured in a variety of 
temperature-range classes and sizes, notably 
in slabs that exceeded, by a factor of 7, 
the volume of the traditional 9-inch units. 
Johns-Manville also completed recently a 
similar installation in Italy. 

A. P. Green Refractories Co., a sub- 
sidiary of United States Gypsum Co., an- 
nounced plans for the installation of a 
large processing complex near Oran, Mo., 
for multiple-step beneficiation of local fire 
clay raw materials. The new facility will 
be the 23d A. P. Green clays treatment 
plant in the United States and Canada. 

The Harbison-Walker Refractories Co. 
plant at Canon City, Colo. was closed early 
in 1968. Changes in steel industry refrac- 
tories requirements reduced the demand 
for the types of firebrick being manu- 
factured at this plant. 

Manufacturing of fire clay refractories 
and kiln furniture was started at the new 
plant of Applied Ceramics, Inc., near Dora- 
ville, Gwinnett County, Ga. 


BENTONITE 


Domestic production of bentonite has 
increased either in quantity or total value, 
or both, in all but five of the last 20 years. 
The 1968 output, approximately 18 per- 
cent more than in 1967, was in both re- 
spects and by a substantial margin, the 
highest ever recorded. 

The quantities of bentonite consumed 
in its major end uses were, in general, 
sharply higher than in 1968, although 
consumption in iron ore pelletizing declined 
by about 1 percent, the first such decrease 
since data on this item were first reported 
separately. 

More bentonite was exported from the 
United States in 1968 than in any previous 
year—477,000 tons valued at $11.0 million, 
as against 319,000 tons and $7.7 million 
in 1967—but imports were, by comparison, 
of minor significance, consisting of only 


? Engineering and Mining Journal. New Fleet 
Slices Fire Clay Stripping Costs. V. 169, No. 1, 
January 1968, p. 94. 

3 Oberschmidt, Leo E. Johns-Manville Expands 
IFB Plant To Push Larger Unit Concept. Brick 
& ee v. 152, No. 3, March 1968, 
pp. e 
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146 tons worth $6,600 received from Italy. 
Of the material exported in 1968, Canada 
received 66 percent of the total, Australia 
and the Netherlands 8 percent each, and 
the United Kingdom 6 percent. The re- 
maining 12 percent was distributed in 
varying amounts to more than 60 other 
countries. 


Prices for bentonite quoted in Oil, Paint 
and Drug Reporter, December 30, 1968, 
were as follows: Domestic, 200-mesh, in 
bags, carload lots, f.o.b. mines, $14 per 
ton; imported Italian, white, high gel, in 
bags, 5-ton lots, ex-warehouse, $91 per 
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figure and the fifth consecutive annual 
reduction. 

There was a continuing expansion of 
bentonite production capacity in Montana. 
Hallet Mineral Co. announced that it will 
double the output—at present 1,100 tons 
per day—from its bentonite mine near 
Vananda, Rosebud County, and Ashland 
Chemical Division of Ashland Oil & Re- 
fining Co. disclosed plans to construct a 
processing plant capable of handling large 
tonnages of bentonite from its recently 
acquired properties near Glasgow in Valley 
County. 


ton. The unit value of domestic bentonite 
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a decrease of $0.20 per ton from the 1967 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 
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Absorbent uses have provided by far the 
most important outlet for fuller’s earth for 


and Mississippi led the nine States that 
many years. The quantity devoted to these 


reported production of fuller’s earth in 


1968. 
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used by producers in the United States 
increased in 1968 for the sixth consecutive 
year, bringing the annual total to the 
highest point in history, 15 percent above 
the 1967 figure and approximately twice 
that recorded 5 years ago. Florida, Georgia, 
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Figure 3.—Fuller's earth sold or used by domestic producers for specified uses. 
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purposes in 1968—two-thirds of the year's 
total—was 25 percent greater than in 1967. 
It was estimated that about half the quan- 
tity reported as used for absorbents was in 
the form of bagged material sold for animal 
litter, a market that has continued to ex- 
pand at a noteworthy rate. The tonnage of 
fuller's earth consumed in pesticides manu- 
facture was down 18 percent from the 
figure for 1967 and 22 percent below 
that for the peak year 1966, possibly a 
reflection of deepening concern over the 
long-term biological consequences of the 
unrestricted deployment of chemical in- 
secticides. 

Fuller’s earth prices were not quoted in 
the trade press during the year. The aver- 
age unit value reported by producers of 
the material was $25.15 per ton, a decrease 
of 40 cents per ton from the corresponding 
figure for 1967. 

Imports of fuller's earth in 1968 con- 
sisted wholly of high-grade material from 
the United Kingdom—77 tons valued at 
about $9,000. Exports amounted to 42,000 
tons, valued at $1.9 million, and went to 
30 countries, among which Canada, with 
43 percent of the total, was the leading 
recipient. 


MISCELLANEOUS CLAY 


Clays and shales of various types and 
characteristics are used in great quantities 
in the manufacture of structural clay prod- 
ucts, as well as in cement and lightweight 
aggregates manufacture. These diverse 
clay materials, amounting to about 70 
percent of the total tonnage of all clays 
produced domestically, are grouped in the 
miscellaneous category. Most producers of 
miscellaneous clay also manufacture clay 
products, and in 1968 more than 96 per- 
cent of the miscellaneous clay output was 
captive. 

The quantity of miscellaneous clay sold 
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or used by U.S. producers in 1968, almost 
41 million tons, was an alltime record and 
represented an increase, compared with 
the respective figures for 1967, of 4 per- 
cent in volume and 9 percent in value. 

There were significant increases in the 
quantities of miscellaneous clay going to 
each of the major cutlets except stoneware 
and floor and wall tile. Outstanding rates 
of increase were recorded for utilization in 
both refractories and fillers. In the three 
largest-volume outlets—heavy clay prod- 
ucts, cement, and lightweight aggregates 
(together accounting for over 98 percent 
of the total)—there were increases of 5 
percent, 1 percent, and 6 percent, respec- 
tively. 

Exports of clays not separately classified 
as to type in 1968 amounted to about 
460,000 tons, valued at $15.5 million, as 
compared with 300,000 tons and $10.5 
million in 1967. The respective per-ton 
values, around $34 in 1968 and $35 in 
1967, show that the materials in question 
were of much higher quality than the usual 
run of common clays for large-scale use in 
construction products. Canada, Nether- 
lands, Japan, Mexico, Italy, and Australia, 
accounting jointly for almost three-quarters 
of the total, were the principal recipients 
of the exported material, and the remainder 
was shipped to destinations in about 80 
other countries. Imports of miscellaneous 
clays in 1968 were of very minor 
importance. 

An event of major interest to the clay 
industry was the dedication in June 1968 
of the new offices and laboratories of the 
Structural Clay Products Institute at 
McLean, Va. The ultramodern research 
facilities, housed appropriately in a com- 
plex of brick buildings of outstanding de- 
sign and construction, include equipment 
for the testing of a wide range of clay- 
related building materials and components. 


CONSUMPTION AND USES 


Heavy clay construction products, cement 
manufacture, and lightweight aggregates 
production required 41 percent, 20 per- 
cent, and 16 percent, respectively of the 
total domestic output of clays in 1968; no 
appreciable difference from the correspond- 
ing proportions in 1967. The total tonnage 
of clays used in refractories was slightly 
less than 9 percent of the total 1968 out- 


put, compared with about 10 percent in 
1967. 


Refractories.—The total quantity of clay 
used in refractories declined by 4 percent 
in 1968. Use of kaolin in refractories fell 
by 50,000 tons in 1968 and that of fire clay 
by 294,000 tons, but increased consumption 
of bentonite and miscellaneous clay in this 
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application partly compensated for these 
losses. Shipments of fire clay refractories 
were 6 percent less in quantity and 5 per- 
cent less in total value than in 1967. 

The total value of nonclay refractories 
shipments was about 3 percent higher than 
in 1967, although some categories of these 
products registered moderate declines. Silica 
refractories, with a 16-percent decrease in 
quantity, continued to lose ground to other 
types more in current demand, although 
the total value rose fractionally. 


Heavy Clay Products.—Shipments of 
heavy clay products showed substantial 
gains as to both quantity and value in the 
large-volume categories—unglazed building 
brick, vitrified sewerpipe, floor and wall 
tile—but unglazed structural tile and facing 
tile, glazed and unglazed, registered de- 
creases. The sharpest drop, more than 15 
percent with respect to both volume and 
value, was that reported for unglazed 
structural tile. 


Lightweight Aggregates.—Production of 


WORLD 


Australia.—An exploration team fielded 
jointly by the Bureau of Mineral Resources 
and the Queensland Geological Survey 
found commercially interesting deposits 
of bentonite in southeastern Queensland, 
near Miles and close to the mail rail line 
linking the area with the coast at Brisbane. 
An earlier discovery, also in Queensland 
but in the Springsure area about 200 miles 
from railhead, was of little practical sig- 
nificance because of the prohibitive cost of 
transportation and gave no promise of pro- 
viding an economical replacement for 
imported foreign bentonite. 


Canada.—Canadian processors of iron 
ore, currently consuming about 175,000 
tons yearly of Wyoming bentonite in 
pelletizing their material, gave increasingly 
serious consideration to other sources of 
supply. It was reported that at least two 
firms achieved substantial cost-per-ton sav- 
ings by purchasing bentonite mined on the 
volcanic island of Melos in the Greek 
Cyclades. 


Czechoslovakia.—Construction was started 
near Bozicany of a kaolin flotation plant, 
reportedly the largest in Europe. Produc- 
tion is expected eventually to reach at least 
80,000 tons per year, and total investment 
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lightweight aggregates from clay and shale 
rose 6 percent in 1968, compared with a 
5-percent increase in the previous year. 
A total of 67 plants, owned by 58 firms, 
were active during 1968. Texas, where 
seven firms operated eight plants, was first 
in output with about 14 percent of the 
national total. Following in order, and 
jointly contributing about 40 percent of 
the total, were Illinois (four firms, four 
plants), New York (six firms and plants), 
North Carolina (four firms and plants), 
California (six firms, eight plants), and 
Mississippi (one firm and plant). Varying 
quantities produced in 25 other States 
made up the remaining 46 percent of the 
total. There were 19 States in 1968 in 
which no production of clay and shale 
lightweight aggregates was reported. 

The figures referring to the manufacture 
of clay and shale aggregates exclude light- 
weight aggregates produced from slate. 
The quantity of slate used for this purpose 
in 1968 was 707,000 tons, compared with 
649,000 tons in 1967. 


REVIEW 


in the project is estimated at around $28 
million. Near Zelenice, also in Bohemia, 
installation was completed of a large new 
plant that, when in full operation, will 
proces up to 100,000 tons of bentonite 
annually. 


Korea, South.—The Dong Bo Clay In- 
dustrial Co., with reserves of more than 
half a million tons of bentonitic material, 
invited the financial participation of in- 
vestors in a proposed expansion of opera- 
tions at the firm's mine in North Kyongsang 
Province. The mine product will be proc- 
essed in an existing plant near Seoul to 
provide activated clay for clarifying and 
decolorizing purposes. 


New Zealand.—New Zealand China 
Clays Ltd. took initial steps toward estab- 
lishing, near Kerikeri on North Island, 
a new operation that will be capable of 
turning out kaolin competitive in both 
price and quality with material presently 
being imported. As planned, the facility 
will have sufficient capacity to satisfy the 
New Zealand domestic market and also 
will be the pilot plant for a larger installa- 
tion that can provide substantial quantities 
of kaolin for export. On South Island, 
Canterbury Bentonite Ltd. inaugurated a 
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new bentonite mining and processing opera- 
tion near Coalgate, in Canterbury. Open- 
pit mining of a deposit, estimated to con- 
tain 12 million tons, will furnish material 
for iron ore pelletizing and other uses— 
perhaps even relieving Australia of at least 
part of the present costly necessity of 
importing long-haul Wyoming bentonite 
from across the Pacific. 


U.S.S.R.—It was reported that extensive 
deposits of bentonite have been developed 
recently at Piervomaiskoie and at Tal- 
Youryakhskoie, near Magadan, in eastern 
Siberia. The Soviet Union’s reserves of 
this clay material are described as huge, 
and although no quantitative data are ever 
released, it is inferred that the bentonite 
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industry there ranks second only to that 
of the United States. 


United Kingdom.—In Leeds, Yorkshire, 
the Kaiser Refractories Division of Kaiser 
Aluminum Co. Ltd. leased and began oper- 
ating the production facilities of the Leeds 
Fireclay Co. Ltd. for the manufacture of 
specialty refractory products. Berk Ltd., 
began an expansion and modernization 
program designed to achieve a threefold 
increase in the production capacity of the 
processing plant formerly operated by 
Greensplat China Clay Ltd. near St. 
Austell in Cornwall. The envisioned im- 
provements will provide for an output of 
45,000 tons annually from the historic 
Greensplat Pit, source of high-quality china 
clay for well over a century. 


TECHNOLOGY 


A novel and advantageous process has 
been devised for sorting a given lot of clay 
into any required number of particle-size 
fractions. In this newly introduced method, 
referred to as probability sizing, a stream 
of the material falls on an array of com- 
paratively coarse-meshed screens set at in- 
creasingly steep angles so that, in effect, 
the individual clay particles are presented 
with a virtually unlimited gradation of 
opening sizes. Advantages mentioned for 
this innovation include greater power 
economy, more trouble-free and relatively 
noiseless operation, together with greatly 
reduced weight, dimensions, and cost of the 
necessary machinery.* 

Horizontal instead of vertical extrusion 
is the principle of a newly developed 
process for fabricating clay pipe in excep- 
tionally large diameters. With the equip- 
ment thus far available the method produces 
sizes up to 48 inches in diameter, and it is 
stated that eventual construction of larger 
cradles and handling mechanisms will make 
even 72-inch pipe a possibility. The present 
machinery limits pipe lengths to 7 feet, 
but much longer sections could be supplied 
if demand warranted. The horizontal 
method, which is based on auger rather 
than piston extrusion, reportedly has the 
advantage of attaining a higher vacuum 
and a consequent better de-airing of the 
material. Additionally, the auger press, in- 
stead of giving rise to planes of lamination 
in the clay, tends to produce superior pipe 
reinforced by screw-wise texture lines. 


An article in a British journal briefly 
traced the evolution of technologies by 
which clay bricks, prehistoric to modern, 
have been shaped, fired, tested, and built 
into walls. An extensive list of references 
accompanied the article.“ 

A building process developed in Germany 
used burned-clay blocks or hollow tile 
that were shaped by diamond tools so ás 
to interlock and thus form a solid wall 
without need for mortar expensively ap- 
plied by hand. In the actual laying up of 
a wall, this innovation as compared with 
conventional masonry construction proce- 
dures, gave promise of a 70-percent saving 
in required labor costs.” 

A process was described by which 
Georgia clays are converted into highly 
selective molecular-sieve zeolites. The fin- 
ished products, serving as efficient catalysts 
capable of increasing by 50 percent the 
yield of gasoline from given grades of crude 
oil, command prices equal to 10 to 12 
times the value of the kaolin-type starting 
material.“ 

Stevenson, c. L., and H. W. Emrich. Prob- 
ability Sizing of Clay Materials. Am. Ceram. 


Soc. Bull., v. 47, No. 9, September 1968, pp. 
810-812. 

5 Oberschmidt, L. E. Dickey First to Extrude 
36-38 Inch Pipe Horizontally. Brick & Clay 
Record, v. 153, No. 4, October 1968, pp. 42—45. 

i: Whiting, G. H. Recent Advances in Clay 
Brickmaking, Brick Testing and Brick Building. 
Chem. & Ind. (London), No. 3, Jan. 20, 1968, 
pp. 76—84. 

7 Steinmetz, Klaus. Diamond Tools Open Up 
New Possibilities for the Building Industry. 
Ind. Diamond Rev. v. 28, No. 327, February 
1968, pp. 56-60. 

8 Chemical Week. Upgrading Clay by $600/Ton. 
V. 103, No. 23, Dec. 7, 1968, p. 28. 


The most significant innovation incor- 
porated in the Minerals & Chemical Cor- 
poration bentonite processing plant recently 
completed at Colony, Wyo., is a fluid-bed 
installation that provides precise control 
over the critically important temperature 
at which the product is dried. This new 
$1.5-million facility, which replaces an 
older mill just across the line in South 
Dakota, is highly automated and is de- 
signed to double the firm’s bentonite out- 
put capacity.? 

New uses for expanded clay and shale 
products were discussed at the August 
meeting of the Lightweight Aggregate Pro- 
ducers Association in Syracuse, N.Y. Special 
attention was given to the increasing utiliza- 
tion in concrete for road surfaces. A visit 
was made to two experimental projects 
which the New York State Department of 
Transportation has in progress to assess the 
advantages of the lightweight material for 
highway topping, an application in which 
it is said to afford a substantial safeguard 
against skidding hazards." 

Research conducted by engineers of the 
Texas Transportation Institute led to the 
conclusion that the superior skid resistance 
conferred by road surfaces, whether asphal- 
tic or of concrete, which incorporate a 
proportion of lightweight aggregates is 
attributable to the fact that wear of the 
porous nodules continues to expose fresh 
sharp-edged voids, whereas under the same 
conditions, the solid particles of conven- 
tional aggregates tend to acquire a high 
polish that quickly nullifies their original 
frictional characteristics. A further advan- 
tage of the lightweight road surface that 
is worthy of consideration is the reduced 
frequency and severity of glass damage by 
loose stones hurled from speeding tires.“ 

A journal article described a process in 
which clays, shales, or certain other min- 
eral materials that are not naturally bloat- 
able can be used to produce lightweight 
aggregates with bulk densities of 35 to 47 
pounds per cubic foot. The procedure in- 
volved dispersing the starting material as 
a clay-water slip, which was then con- 
verted to a foam and formed into stable 
globules by allowing drops of the foam to 
roll down an incline in contact with addi- 
tional dry clay. The drying and firing of 
the resulting pellets followed conventional 
lines." 

Refractory components of extraordinary 
size and quality are being produced in a 
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specially designed 125-ton vessel recently 
placed in service in West Virginia. The 
huge pressure chamber, one of the largest 
ever built for this purpose, makes it possible 
to realize the advantages of isostatic press- 
ing for the shaping of high-alumina clays 
into blocks up to 2 by 2 feet in transverse 
dimensions and nine feet long. The iso- 
static process, while providing a substantial 
saving in fabrication time, permits the use 
of materials not amenable to fusion or slip- 
casting methods without sacrificing the 
high density or homogeneity of the product. 
The outsize refractory units, intended pri- 
marily for glassmaking use, are expected 
to provide superior furnace linings with a 
substantially reduced number of joints ex- 
posed to erosion.” 

A new lightweight ceramic filler consist- 
ing of approximately spherical hollow par- 
ticles has been developed for use in making 
brick, tile, or cement. Medium-duty fire- 
brick incorporating this material are said 
to be superior in mechanical strength and 
as much as 40 percent lighter than equal- 
sized conventional units.“ 

A recent invention has been applied 
advantageously to the grinding of plastic 
clays. The new machine effects the com- 
minution by advancing the clay through 
double, counter-rotating sets of flails of 
steel chain and has been used successfully 
for the milling of material containing up 
to 18 percent moisture.” 

Bureau of Mines clays-related research 
in various stages of progress in 1968 in- 
cluded evaluation studies of local clay 
supplies for iron ore pelletizing, assessment 
of potential raw materials for production 
of expanded aggregates, search for im- 
proved materials and methods for the fabri- 
cation of longer-lived zinc retort condenser 


m. Engineering and Mining Journal. New Plant 
in Wyoming Doubles IMC's Bentonite Production 
1 V. 169, No. 1, January 1968, pp. 106, 


10 Pit. and Quarry. Growing Demand, New 
Uses Discussed by Lightweight Aggregate Pro- 
ducers. V. 61, No. 5, November 1968, p. 109. 

11 Engineering News-Record. Lightweight Ag- 
gregates are Superior. V. 180, No. 11, Mar. 14, 
1968, p. 21. 

12 Modde, Michael F., and W. G. Lawrence. 
Foamed Clay-Water Systems for Lightweight 
Aggregate Production. Am. Ceram. Soc. Buil., 
v. 47, No. 3, March 1968, pp. 264-266. 

18 Oberschmidt, Leo. Corhart Takes a Giant 
Step in Isostatic Forming of Refractories. Brick 

Clay Record, v. 163, No. 4, October 1968, 
pp. 50-53. 

M Brick & Clay Record. Product News—Light- 
weight Filant for Brick & Tile. V. 158, No. 8 
September 1968, p. 26. 

16 Brick & Clay Record. Autoclaymation 69. 
V. 158, No. 3, September 1968, p. 44. 
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cones, and continuing exploration of proc- extraction from clays of alumina acceptable 
esses and problems involved in the practical as aluminum smelter potline feed. 


Table 2.—Value of clays produced in the United States, by States 


(Thousand dollars) 
Kind of clay produced in 1968 
1967 1968 ——————M— ————————— S 
Kaolin Ball Fire Benton- Fuller's Miscel- 
clay clay ite earth  laneous 

Alabama.............- 37,422 36, 995 x x x X 
Arizona. 137 x x x x 
Arkansas 1,740 2,134 x x x 
California 6,037 6,630 x x x x x x 
Colorado 1,274 1,222 X x x 
Connecticut 884 325 x 

elaware 11 12 x 
Florida................ 11,574 11,699 x x x 
Georgia 77,814 88,632 X X X 
Hawaii... W x 
ans . . . . 2316 2314 x x x 
Illinois 13,799 44,813 x x X 
Indiana 2,126 2,355 x x 
TOWG su 1,648 1,747 x 
Kansas --.----- 1,339 1,483 x x 
Kentucky............- $ 2,066 $ 1,952 X X x 
Louisiana. 1,260 1,163 x 
Maine 54 3 65 x x 
Marylanßddgddd 1,462 351,252 x x X 
Massachusetts W 314 x 
Michigan 2,636 2,906 X 

Ippesaota. 3 342 3 859 x x 
Mississippi 7,852 9,075 X X X X X 
Missouri 6,220 6,158 X 
Montana 15 134 x x 
Nebraska -2-2-0 142 206 x 
New Hampshire 42 41 x 
New Jersey 1,189 1,008 x 
New Mexico..........- 74 89 x x 
New Vork 1,814 1,790 x 
North Carolina 22,012 22,148 x x 
Ohio ------------ 15, 185 15,216 x x 
Oklahoma 1869 1967 x x x 
Oregon 3295 3 284 x x x 
Pennsylvania 216,703 217,679 x X X 
South Carolina 8,048 8,923 X X 
South Dakota 799 1,119 x x 
Tennessee 45,152 15,772 X x X 
PCC oe re 8,081 8,860 x x x X x X 
Utah... 2:2 2 3 288 2476 x x x x x 
Virginia 1,623 1,714 X 
Washington .. 3 203 3213 x x 

est Virginia. 3 254 3 219 X x 
Wisconsin 112 34 x 
Wyoming 14,313 17,275 x X x 
Other 6 10,181 11,225 

Total 228,987 246, 898 

Puerto Rico 244 481 x 


W Withheld to avoid disclosing individual company confidential data, included in “Other.” 

X Major producing States which account for approximately 90 percent of production. 

x Other producing States. 

1 Value of bentonite included with Other“ to avoid disclosing individual company confidential data. 

2 Value of kaolin included with ‘‘Other’’ to avoid disclosing individual company confidential data. 

3 Value of fire clay included with “Other” to avoid disclosing individual company confidential data. 

Value of fuller's earth included with “Other” to avoid disclosing individual company confidential data. 

5 Value of ball clay included with “Other’’ to avoid disclosing individual company confidential data. 

s Includes Hawaii (1967), Nevada, North Dakota and Vermont, value indicated by footnote 1 through 6, 
and values indicated by symbol W. 
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Table 3.—Kaolin sold or used by producers in the United States, by States 


(Thousand short tons and thousand dollars) 


Sold by producers Used by producers Total 
Year and State — —————— 
Quantity Value Quantity Value Quantity Value 
UD WEE 3,120 $62,622 211 $1,985 8,381 364, 607 
198655 ud oec i ee a eee 3,214 66 ,058 389 3,403 3,604 69,461 
%%%%%%%%S%ꝓꝙSS00ÿß; k A u E 3,664 15,318 721 6,666 4,885 81,984 
1967: 
fr (1) %% EE eic suu (1) 2 
California- -- 2 o vues. 8 22 220. clc dl mendesak 22 229 
Florida and North Carolina 38 LV NEE cuti ES 88 922 
G oc A 2, 680 66,209 329 8,118 8,009 69,327 
South Carolina 474 6, 649 67 321 540 6, 970 
Other States . 122 1,636 241 2,294 863 8,870 
Total d ꝛ e ss u rc Su 3,336 75,647 637 5,673 8,973 81,821 
1968: 
e k suls coe eee dc (1) FCC (1) 2 
California W W W W 28 292 
Florida and North Carolina 39 99 AA 39 908 
Georgia 2, 881 75, 854 284 3, 208 8,165 79,061 
South Carolina... ----2------ 498 7,177 83 517 581 7,694 
Other States 160 2,240 256 2,586 393 4,534 
Ne EE 3,579 86,175 622 6,811 4,201 92, 486 


W Withheld to avoid disclosing individual company confidential data; included with Other States.“ 
1 Less than 1⁄ unit. 


2 Includes Alabama, Arkansas, Idaho, Pennsylvania, Texas, Utah, Vermont (1967), and States indicated 
by symbol W. 


Table 4.—Georgia kaolin sold or used by producers, by uses 


(Thousand short tons and thousand dollars) 


China clay, Refractory 
paper clay, uses Total kaolin 
etc. 
Year 
Value 
Quantity Quantity Quantity 
Total Average per 
ton 
1964. eee 2,989 195 2,584 $54,520 21.10 
EE eegene 2,478 248 2,121 57,411 21.10 
jb: ele ee oe es ok 2,719 487 3,206 67,156 20.95 
1960 DD h ĩðâ2v DR 2,708 301 3,009 69,327 23.04 
1968225222; 5n duum EE E E Ea EE Ee 2,947 218 3,165 79,061 24.98 
Table 5.—Ball clay sold or used by producers in the United States 

(Thousand short tons and thousand dollars) 

Year Quantity Value 
1964 ³ꝙ . ³ y a 567 37, 830 
JJ/Jöĩ§ĩ]] ] . ĩð2 ⁰ͥðꝙqſdd y y y ETS AE 591 8,197 
TEE dar 8 571 1,922 
Mee 559 7,446 
UI 630 8,351 
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Table 6.—Fire clay, including stoneware clay, sold or used by producers 
in the United States, by States 


Sold by producers Used by producers Total 
Year and State Value Value Value 2 
Short tons (thou- Short tons (thou- Short tons  (thou- 
sands) sands) sands) 
(dor MT 8 2,615,102 $9,706 5,933,588 $31,287 8,548,690 $40,993 
s,, 2, 823,837 10,581 6,191,812 32,532 9,015,649 43,114 
l.“, . R 2,596,470 8,869 6,181,695 88,311 8,778,165 42,179 
1967: 
Alabama-.......-.........-- W W W W 622,484 8,856 
California W W W W 420, 985 1, 140 
olorado__. .... . .. cock 46 ,899 226 95,776 410 142 ,675 636 
Illinois 92,192 892 152,170 481 244,362 1,378 
Indióñó o eco o E dE 193,086 812 54,205 108 247,291 420 
TT 88 W W W W 142, 897 312 
Kentucky..................- W W W W 144,296 926 
JJ;⅛ d:... 8 34 99 34 (3) 
Missouri 86, 666 205 1,048,907 4,542 1, 130, 573 4,747 
Montana.................-..- 119 FCC 119 2) 
New Jersey w w w 99,527 766 
New Mexico 410 4 60 (3) 47 4 
EE 889,614 2,669 1,175,025 7,561 2,014,689 10,230 
Ehklsboeg c ¿l Geen giereg. Bescosses 29 876 7 
Pennsylvania 489,512 1,218 945,714 9,743 1,485,226 10, 956 
TOXÜN. WW ue W 7,909 1,862 
Other States 4___ 768,918 4,470 1,992,785 9,318 578,550 4,926 
Total 2s oL esee su 2 sS 2,512,411 29,990 5,460,002 232,168 7,972,418 42,157 
1968: 
Alabams .....-------- -2 w w W w 581,699 8,082 
PATI ZONG WEE 30 J;öÜ—o tee PEE 30 1 
California 126, 249 284 396,154 1,051 522, 408 1,885 
Colorado 128, 045 470 112,475 360 240, 520 830 
ae oo oe 93,013 938 158,727 528 246, 740 1,466 
Indiana................-...- 130,314 238 51,285 108 181,599 840 
Kansgs, -.------ 2- W W w 157,848 849 
Kentucky..................- 80,573 808 115,028 648 195,601 950 
TT WEE 68,226 162 996,008 4,172 1,064,234 4,884 
New Jersey W 84, 120 624 
New Mexico 2,024 13 
e u E mida 895,986 2,901 1,117, 053 7,180 2,018,089 10,081 
Oklahoma......ieocos--m e E | Se Sel eee CUm 76 
Pennsylvania 495,852 1,073 988, 160 10,244 1,424,012 11,317 
ET MN 766,165 1,988 
11!!! W w W W 11,916 42 
Other States 589,590 3,299 1,575,708 8,188 561,526 5,389 
Total... ˙¹¹mA 2,547,878 29,673 5, 506, 074 232,421 8,058,952 42,094 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
e 9 stoneware clay as follows, in short tons: 1964, 45,679; 1965, 49,517; 1966, 45,887; 1967, 51,579; 
2 Data may not add to totals shown because of independent rounding. 
3 Less than 1⁄4 unit. 
4 Includes Arkansas, Idaho, Maine (1968), Maryland, Minnesota, Mississippi, Nevada (1968), Oregon, 
Utah (1967), Washington, West Virginia, Wyoming and States indicated by symbol W. 
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Table 7.—Bentonite sold or used by producers in the United States, by States 


Year and State Short tons 
1964 oo  . ul u C. HELME emen 1,729,503 
.! oe nere x ERE 1,887,947 
jpg 2,060,616 
1967: 
Colorado 1, 66 
Mississippi 259,133 
Oregon 
Texas 97,211 
Utah ee cc wees we 2,50 
Wyoming 1,454, 670 
Other States 1. 226 , 857 
ill 2,042, 841 


Value 
(thou- Year and State 
sands) 
$19,418 1968: 
20 ,407 Arizona. 
22,010 California 
Colorado 
Mississippi. il1l1n21 a 
13 Oregon. 
3,067 CCC 
10 Dt, et A 
660 Wyoming 
25 Other States 1. 
14, 228 
2,492 err HE 
20, 490 


Short tons 


83,139 


224,408 
2,481,526 


Value 
(thou- 
sands) 


1 Alabama, Arizona (1967), California (1967), Montana, Nevada, North Dakota (1967), Oklahoma, and 


South Dakota. 


Table 8.—Fuller’s earth sold or used by producers in the United States, by States 


Short 

Year and State tons 
1964 ioe too zeosu Sesame 551,886 
kri as 674,422 
1933s. ee S 759, 688 

1967: 

Florida and Georgia 655, 990 
ër Zu, cose todd us 2,645 
Other States 1. 145, 284 
C 803,919 


Value 
(thou- 
sands) 


$12,743 
15,795 
18,854 
17,538 
45 
2,956 
20, 539 


1968: 


Lear and State 


SECH and Georgia 


1Includes California, Illinois, Mississippi, Nevada, Tennessee, and Texas. 


Short 
tons 


104,572 
, 998 
213,985 


921,550 


Value 
(thou- 
sands) 


$18,609 
55 
4,512 
23,176 


Table 9.—Miscellaneous clay, including shale and slip clay sold or used by producers 
in the United States, by States 


(Thousand short tons and thousand dollars) 


Sold by producers Used by producers Total 
Year and State —U—  —— s VS Ç NN 
Quantity Value Quantity Value Quantity Value 
/§ö§;uy o ß um 22 1,866 $1,611 86,853 845, 436 38,219 847, 046 
1, ³ ³ ³ A 8 1,310 1,463 88,043 46 ,494 39,854 47,957 
% WA=tſ reu damn eaae 1,156 1,399 89,005 48,467 40,161 49,865 
1967 
Alsbamsa . .. . . . . . . . ..-....-.- W W W W 1,917 2,178 
77 te elc 67 85 67 85 
de hl DEENEN 811 1,066 811 1,066 
California 195 388 1,923 8,694 2,118 4,032 
Colorado... .. .. . . . . . ......... 13 145 880 480 452 625 
Connecticut... nt we AERE medie 191 834 191 334 
RENE ' .⅛ 11 11 11 11 
Georgii: . . “ete s 1,673 1,094 1,678 1,094 
erbei wm Susa ss 19 16 19 16 
. ³˙Üw¹mꝛmàyAAAu ⁰y uen sss 1,687 2,426 1,637 2,426 
Dai E 191 194 1,051 1,518 1,242 1,706 
JJ ⁵ð]ꝗ.] ³ð˙ ⅛ ðͤ K kt et Meu. 1,208 1,648 1,208 1,648 
be c D EUR ⁵ð ũ EE. epee, oat ea 792 1,027 792 1,027 
Kentucky...................-- W W W W 1,051 1,140 
IIJö;öͤõĩ·;%vH ( ³ͤ d ĩͤ Rae XS REESE S 995 1,260 995 1,260 
1%//ĩ³Üö40é&ůq ᷑ ⁵“ ...... Ra NE MS 42 54 42 54 
aryland. . i. ccc cacecesnsa w w w w 970 1,145 
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Table 9.—Miscellaneous clay, including shale and slip clay sold or used by producers 
in the United States, by States—Continued 
(Thousand short tons and thousand dollars) 


Sold by producers Used by producers Total 
Year and State 


Quantity Value Quantity Value Quantity Value 


1967 —Continued 
iel EE ee ee 2,466 $2 , 686 2,466 $2,636 
Minnesota... -2220-22 eus. Seene utc 228 942 228 842 
Mississippi 2 522 1,089 1,479 1,089 1,479 
MissOUr) oc ³ ꝝ Uu rr!!! Beate ees 1,174 1,478 1,174 1,478 
Noll eege 46 
N õõù ³⁰ w. or- y ` Qusa wanay 126 142 126 141 
New Hampshire“k ........ --.-.-.-.-.-.- 42 42 42 42 
/ ͤ³ ³Ä——AAQAAA 8 338 423 338 423 
New Mexico 1 $12 45 58 46 70 
New York... -2-2 --- W W W W 1, 506 1,814 
North Carolina... 2, 977 2,012 2, 977 2,012 
Go ⅛ð v ³ð iri 258 198 2,998 4,757 2,655 4,955 
A ˙ ny. : ³ 5 NAA -A 5·Ü — 0 744 865 865 
Oe. 8 W W W W 294 285 
Pennsylvania 85 62 1,474 5, 686 1, 559 5,748 
Sur h aetas 1,193 1,078 1,193 1,078 
KE EEN 1,202 533 1,202 533 
Tex88g oe Sete e · ME aU ENER 3,598 4, 882 3,598 4,882 
H EEN eee a M EE M Ld W W W 109 219 
JJ i² collocetur xmi 1,382 1,623 1,382 1,628 
Washington.. w W W 39 208 
West Virginia. W W W 245 254 
Wien RES. Seitesda: --....... 9 112 89 112 
Undistributed 1. 250 818 6,852 7,928 872 1,009 
Total... 22 ³ 1,054 1,266 88,259 50,768 89,312 52,085 
1968: 
Alabama. _...... ... .. . . 44... w W W W 2,043 2,558 
Arisong -222220-022222 W W W W 49 
111 c olco deese ] ½% ]⅛!,̃]6⅛ ,᷑’Ꝙͥꝗg 8 760 1,164 760 1,164 
California 346 1,295 1,806 2,91 2,158 4,206 
Colorado 366 371 374 379 
Connie üednseam denia 195 825 195 325 
ela ware 0 1 12 
o esse EE oem Sas 1,631 1,619 1.631 1,619 
EN EE eu 3 4 uonsiaado- Bldg. 
e . anaa DeeDee 12 14 12 14 
neee, . eR aee 10 2,074 3,887 2,080 3,847 
Indiana__. .. ðò emen lw es 271 403 1,098 1,612 1,369 2,015 
r ⁵ d Zug c oid 1,264 1,747 1,264 1,747 
Mangas oe sce te cee .. ⁰uʒ; 8 774 1,084 774 1,084 
Kentucky....................- w W 1,023 1,002 
TOQISI8ER:L EES 863 1,163 863 1,168 
MONG ENEE EEN 42 65 42 6 
Maryland....................- w w w w 1,078 1,252 
Massachusetts 257 314 257 314 
Mill ⁵ ¾ðèͤKĩ ĩ ᷣ K ⁰ʒ went 2,599 2,906 2,599 2,906 
I ⁰y 240 359 234 359 
Mi ttt ces-eccsk Qs Sasa 1,063 1,422 1,068 1,422 
JJ) K ᷣͤ K ava lE 1,369 1, 824 1,369 1, 824 
ö ↄÜWͥꝛ ` 30 84 
Nl ³ð ü ³ é y ⁰y y ` Zeg 148 206 148 206 
New Hampshire. 41 41 41 41 
New Jersey... . x 289 384 289 384 
New Meieo W W W W 64 76 
Ned k 8 W W W W 1, 675 1,790 
North Carolina w 3,810 2,148 3,310 2,148 
CO HI0 EE 285 304 2,452 4,881 2,787 5, 136 
Gale “ 726 963 726 968 
Oregon... u. ³ð eee dos W W W W 212 272 
Pennsylvania w w w w 1,610 6,362 
South Carolida-.. l1... lnzoee. Sesicess wes uecce 1,855 1,229 1,355 1,229 
irn 8 1,151 674 1,151 674 
J17///ö§Ä— . raw asso 8,756 5,388 9,756 5,388 
tel: 222 ouecla mons 8 1 5 142 349 143 954 
III ⁰• AAA ĩðͤ 1,462 1,714 1,462 1,714 
Washington W W w W 140 218 
West Virginia. W w w 194 219 
Wisconsin n . --....... 17 84 17 84 
Undistributed ! ................- 537 735 8,228 18,816 677 786 
dk CN SE 1,456 2,764 39, 532 54, 058 40, 989 56, 822 


W Withheld to avoid disclosing individual company confidential data. 


1 Includes States indicated by symbol W and Florida, Hawaii (1967), Massachusetts (1967), Nevada, North 
Dakota, South Dakota, Vermont, and Wyoming. 
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Table 10.—Clay sold or used by producers in the 
United States in 1968, by kinds 


297 


(Thousand short tons) 


Uses 


Pottery and stoneware: 
Whiteware, etc... .. 2.2.22 ee 
Stoneware, art pottery, flowerpots, and 
glaze Eeer name 


Refractories: 
Firebrick and bock. 22- 
Bauxite, high-alumina brick. ....._.- 
Fire-clay mortar...................- 
Clay crucibles.....................-. 
Glass refractorie ss 
Foundries and steel works 
Zinc retort .. . . Lll LLL Lll lll 
Saggers, pins, stilts, and wads 
Other refractorie s 


Heavy clay products: Building brick, pav- 
ing brick, draintile, sewer pipe, kindred 
Products ß ee 

Architectural terra cott 

Lightweight aggregates . 


Filler: 
Paper filling- - gs ee 
Paper coating 


Fri 8 
Insecticides and fungieides .. . . ` 
Other fillers_____________._._........-.- 


Miscellaneous: 
Filtering, declorizing, clarifying.....- 
Rotary-drilling mud. ............... 
Chemicals 
Animal fed 
Absorbent uses 
Enameling g 
Catalysts (oil refiningß zz 

Pelletizing: 
Iren Ofe...2.22.22222:-2225G9x 


Reservoir, pond and ditch lining 
Other uses 


1 Some stoneware, art pottery, ete., included with whiteware. 


2 Included with “Other. 


Kaolin Ball 
clay 

1 112 1282 
(1) Q) 
112 282 
52 143 
398 (2) 
„ 
„ 
(72 . 

(2 (2) 
% na 
70 114 
468 114 
SE (5) 
© ausent 
6877 — 
153889 „ 
368 ...... 
227 — 
90. 22262 

10 aaan- 
174 (5) 
2,794 (5) 
63 .....- 
d M en 
G o 
Cy. due 
651 91 
712 91 
4,201 630 
3,973 559 


3 Incom mplete figures; remainder included with “Other.” 


4 Some “Other refractories’’ 


included with foundries. 


5 Included with miscellaneous ‘‘Other uses.'' 
6 Incomplete figure; remainder included with miscellaneous “Other uses.“ 


e 
ay 
and 
stone- 
ware 
clay 


Ben- 
tonite 


Miscel- 
laneous 
Fuller’s clay 
earth includ- 
ing slip 
clay 
ccr 60 
— 60 
GE e 53 
ouem (2) 
—.— ON 
acces ` AE 
Mr 52 
PEDEM 52 
3 19, 873 
.. 9,280 
me 
F 
148 (2 
(5) 19 
148 
ere er 11,222 
422 —„—¾— 
74 3 
C ` tee 
Zu 55 
(9)... tege 
( 55 —.— 
57 2256 
773 429 
922 40, 989 
804 39,312 


Total 


6 23,686 
(*) 
69,280 


57,233 
54,664 
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Table 11.—Shipments of refractories in the United States, by kinds 


Shipments 
Uni 1967 r 1968 
Product of. 
quantity Value Value 
Quantity (thou- Quantity  (thou- 
sands) sands) 
CLAY REFRACTORIES 
Fire clay (including semisilica) brick and shapes, 1,000 9-inch 276,969 $58,410 260,397 $50,745 
except superduty. equivalent 
Superduty fire-clay brick and shapes. do..... 78,456 24,296 71,075 23,152 
High-alumina brick and shapes (50 percent A1:0s ..... do..... 49,751 26,931 „872 80,821 
and over) made substantially of calcined diaspore 
or bauxite.! 
Insulating firebrick and shapes do... 59,318 17,515 50,928 15,269 
F ³˙Üꝛö.ͥĩ˙Ü¹dd.¹ ³·¹ aa Ee do- 187,214 23,757 200,203 26,118 
Sleeves, nozzles, runner brick, Guxveres. -=-= do 45,035 12,231 44,768 12, 075 
Glasshouse pots, tank blocks, feeder parts, and 
upper structure shapes used only for glass tanks. 1 2 
Hot-top refractories e Short tons... 47,288 8,988 49,357 4,289 
Clay-kiln furniture, radiant-heater elements, pott NA 7,851 NA 8,817 
ters’ supplies, and other miscellaneous sha 
refractory items. 
ger ieee! bonding mortars, air-setting (wet and Short tons... 62, 753 8,647 62,856 8,809 
pes). i 
Refractory bonding mortars, except air- setting do- 14, 678 1,704 12, 687 1,589 
types. 
round crude fire clay, high-alumina clay, silica fire do- NA NA NA NA 
C y. 
Plastic refractories and ramming mixes 3... do..... 190,095 16,974 177,623 17,108 
Castable refractories (hydraulic-setting) ..........  ....- do 161,779 16,496 164,512 18,618 
Insulating castable refractories (hydraulic-setting). gz do 39,245 5,151 37,973 5, 453 
Other clay refractory materials sold In lump or do- 225, 246 6,165 281,796 7,302 
ground form.‘ 5 
Total clay refractories..........-......--. ..---..----- XX 225,116 XX 229,660 
NONCLAY REFRACTORIES 
Silica brick and shapes 1,000 9-inch 71,009 $14,668 59,568 $14,798 
equivalent 
Magnesite and maznesite-chrome brick and shapes do..... 93,832 89,852 98,273 96,522 
(magnesite predominating) (excluding molten cast 
and fused magnesia). 
Chrome and chrome-magnesite brick and shapes do- 22,221 18,860 20,812 18, 391 
(chrome predominating) (excluding molten cast). 
Graphite crucibles, retorts, stopper heads, and other Short tons... 16,586 18,726 14,661 18,641 
shaped refractories containing natural graphite. 
Mullite brick and shapes made predominantly of 1,000 9-inch 6,903 9,528 5,186 8,298 
kyanite, sillimanite, andalusite, or synthetic mul- 
lite (excluding molten-cast). 
Extra-high alumina brick and shapes made pre- ..... do..... 2,861 7,963 2,918 8,245 
dominantly of fused bauxite, fused or dense- 
sintered alumina eege 1 molten-cast). 
Silicon carbide brick and shapes made predomi- ..... do..... 3,999 12,895 9,823 11,988 
nantly of silicon carbide (including kiln furniture). 
Zircon and zirconia brick and shapes made predomi- ..... do..... 1,486 5,397 1,722 5,480 
nantly of either of these materials. 
Forsterite, pyrophyllite, molten-cast, dolomite, ..... do 25,709 41,651 23,978 39, 901 
dolomite-magnesite, and other nonclay brick and 
shapes including carbon refractories except those 
containing natural graphite. 
Mortars: 

Basic bonding mortars (magnesite or chrome Short tons... 79,886 6,634 87,433 7,746 

ore predominat ing). 

Other nonclay refractory mortarg. . do 81,597 5,452 32,771 5,799 
Nonclay refractory castables (hydraulic-setting)...  ..... do 81,541 6,862 33,710 1,950 
Plastic refractories and ramming mixes (wet and 

types): ! , 
ic (magnesite, dolomite, or chrome ore ..... do 154,641 17,463 144,484 17, 926 
KE 
Other nonclay plastic refractories and ramming ` do 57,628 12,612 65,825 14, 455 
mixes. 
Dead-burned magnesia or magnes ite do- 100, 799 6,244 118,918 7,308 
Nonclay gunning mixes do..... 257,217 22,245 260,188 25,270 
Other nonclay refractory materials sold in lump or ..... do..... 127,347 13,433 151,203 9,459 
ground form.‘ 

Total nonclay refractories- --.--------- XX 304, 885 XX 313, 167 

Grand total refractoriee s XX 530, 001 XX 542,827 
r Revised. NA Not available. XX Not applicable. 


1 Excludes data for mullite and extra-high alumina refractories. These products are included with mullite 
and extra-high alumina brick and shapes in the nonclay refractories section. 

2 Included with fireclay (including semisilica) prick and shapes, except superduty. . 

š Includes data for bonding mortars which contain up to 60 percent A1:Os, dry basis. Bonding mortars which 
contain more than 60 percent A1;0;, dry basis, are included in the nonclay refractories section. i 

1 Represents only shipments by establishments classified in manufacturing" industries, and excludes ship- 
ments to refractories producers for the manufacture of brick and other refractories. ` 

5 Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 
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Table 12.—Shipments of principal structural clay products in the United States 


Product 1964 1965 1966 1967 1968 


Unglazed brick (buildings) 
1,000 standard brick.. 7,748,800 8,089,181 7,606,237 7,117,858 7,556,809 


Valde. rr ppusu al c rud thousands.. $284,600 $801,088 $292,914 $285,680 $318,365 
Unglazed structural tile short tons 811,400 313, 260 267,431 284,517 191,067 
Valle de thousands $5,400 $5,128 $5,317 $4,900 $4,169 


Vitrified clay sewer pipe and fittings 
short tons.. 1,887,200 1,732,159 1,610,818 1,572,167 1,705,528 


CH ISL cee Be thousands.. $104,000 $103,420 $96,707 $97,380 $109,465 

Facing tile, ceramic glazed, including glazed 
brick 1,000-brick equivalent. . 332,700 307,944 292, 525 280,064 211,228 
Wi 8 thousands $27,500 $25,430 $25,179 321,274 $19,708 

Facing tile unglazed and salt glazed 

1,000-tile, 8- by 5- by 12-inch, equivalent... 6,900 6,327 5,207 3,352 3,032 
WiWi c cue cocto thousands $1,500 $1,435 $1,284 $837 $750 

Clay floor and wall tile and accessories, includ- 
ing quarry tile 1,000 square feet. 288,800 283,385 272, 688 257, 532 274,512 
Iii... é thousands.. $146,200 $141,789 3133, 266 $128,139 $188,819 


Total value thousands.. $569,200 $578,190 $554,667 $538,110 $590,776 
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Table 13.—World production of china clay, by countries’ 


(Thousand short tons) 
Country ! 1964 1965 1966 1967 1968 P 
North America: 
eKIC0 EE 7 r 89 r 108 87 
United States 2. 2 LL LLL LL ee 3,331 8,604 4,885 3,978 4,201 
South America: 
Arens... 47 80 r 81 p 72 NA 
et l l SEE a eo ie 51 34 45 32 29 
Sen y GE 89 91 r 29 12 20 
Regelen Sege (3) (3) 1 (3) 1 
Por eege (3) (3) (3) -------- 1 
Europe: 
Austria (marketable -222-2202 ---a 120 116 118 108 e110 
Ar en Si2S OS SSS S.S uve e 94 e 138 200 109 e 108 
Biter tos . eee sok 91 105 r 103 e 103 e 108 
Czechoslovakia 345 r 335 r 358 369 e 980 
Denmark: 
/ SZ... ] d ck S 9 8 17 17 e 17 
Washed and presse NA 8 8 8 e8 
, v. S ee QE. 817 826 480 483 474 
Germany, West (marketable) .........._..--- 451 440 r 449 r 445 451 
LEE 55 r 75 r 69 77 e 77 
HUBSHlU-. Coos %¾.-. m es ool 55 60 68 73 78 
Italy: 
Dr e TEEN 107 r 119 r 97 r 97 90 
Kaolinitic e ES 104 r 54 40 17 e 11 
5 a ieee D rene tN EE 42 45 88 r 41 45 
EES ee NA e 39 e 44 e 55 e 55 
Spain (marketable) Saa Ae E eee 8 155 162 211 e 220 e 220 
SS ß 8 49 46 30 44 e 44 
U.S. S. R. J èͤ Vd ce rene 1,650 1, 750 1,750 1,900 1,900 
United Kingdom 2,277 2,474 2,818 2,278 e 8,004 
Africa: 
nd ere . a el e(3) rg 8 14 
Fü bereede x A 1 1 2 1 
. —— 2 9 98 „ 89 
14T a t: ee god eeu teases 
K. Southern 21 22 e 22 NA NA 
South Africa, Republic of... e 48 r 49 45 86 86 
3 jn. EC e 1 1 e 2 2 
nca ot ney ĩð ee š NA (3) (3) 1 
, United Arab Republic )))) 69 58 55 35 34 
" Ceylon -— "operc EMEN 2 1 2 8 8 
Hong Kong JJ ĩðùd 8 6 5 6 9 6 
i... r 496 r 564 r 611 565 558 
RSS UENIRE SPERARE TENE 118 98 130 r 166 192 
Korea, Sout kk 67 80 124 118 133 
hh ³⁰A A E NA NA NA 8 
ee ß codd ed 2 2 2 2 2 
eee . e sauda dnan 1 r2 rg 8 8 
Taivan EEN 47 56 65 67 NA 
Vietnam, South... ... .. . . .. .. ... ..... lle... NA NA NA NA 
Oceania: Australia 95... c LLL cc ccc LLL cllc. 51 67 56 74 e 72 
/. ³ðW5W.. ⁰ r 10,437 711,196 12, 663 11, 704 NA 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 China clay is also produced in Brazil, China (mainland), East Germany, Israel, Thailand, and Yugoslavia, 
but data on production are not available; a negligible quantity is produced in Malagasy Republic and Paraguay. 


2 Kaolin sold or used by producers. 
3 Less than 1$ unit. 
4 Includes kaolinitic clay. 


Total crude production: including clay saleable as produced and clay requiring further processing to make 


it of saleable grade. 
6 Includes ball clay. 
z Total is of listed figures only. 
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Coal Bituminous and Lignite 


By W. H. Young ! and J. J. Gallagher ? 


The demand for bituminous coal and 
lignite outran production in 1968. U.S. 
bituminous coal and lignite consumption 
plus exports increased in 1968 to 549.5 
million tons, a gain of 19.5 million tons, or 
3.7 percent over that of 1967. Production, 
however, declined 7.4 million tons, or 1.3 
percent from the 1967 level, to 545.2 mil- 
lion tons. This situation reflected slowcr 
business activity early in the year and a 
series of strikes in the final quarter of the 
year, which prevented producers from min- 
ing enough coal to meet the total demand. 

Bituminous coal and lignite consumption 


increased by 18,414,000 tons principally as 
a result of the alltime high consumption by 
electric utilities. To compensate for the 
difference between production and demand 
consumers were forced to dip into their 
stockpiles. This reduced the stock level 
improvement that occurred in 1967 and 
reduced stocks at year end to 85.5 million 
tons, compared with 93.1 million tons a 
year earlier. 


1 Assistant chief, Section of Fuels, Division of 
Statistics. 

2Supervisory industry economist, Division of 
Mineral Studies. 


Table 1.—Salient statistics of the bituminous coal and lignite industry in the United States 


Item 1964 1965 1966 1967 1968 
Production............ thousand short tons 486,998 512,088 533,881 552, 626 545,245 
KC thousands $2,165,582 $2,276,022 $2,421,293 $2,555,378 $2,546,340 
Consumption.......... thousand short tons 431,116 459,164 486 ,266 480 ,416 498 , 830 


Stocks at end of year: 
Industrial consumers and retail yards 


thousand short tons 75,342 11,393 74,466 93,128 85,525 
Stocks on upper lake docks....... do.... 2,598 2,347 2,942 2,280 1,937 
port 22cm mde do 47,969 50, 181 49,302 49,528 50,637 
port tee do 2 1 1 227 224 
Price indicators, average per net ton: 
Cost of coking coal at merchant coke 
i e Dus d Eu S 2 2 $9.85 $9.65 $9.81 $10.33 $10.58 
Railroad freight charge ]ũ ) $3.11 $3.13 $3.01 $3.00 $3.01 
Value f.o.b. mines (sold in open market). . $4.11 $4.13 $4.24 $4.34 $4.38 
Value f.o.b. mines $4.45 $4.44 $4.54 $4.62 $4.67 
Method of mining: 
Hand loaded underground 
thousand short tons 40,707 36,028 28,243 19,219 14,755 
Mechanically loaded underground 
thousand short tons 281,10 296,63 810,281 329,91 329, 38 
Percentage mechanically loaded 87.4 89.2 91.7 94.5 95.7 
Percentage cut by machine 57.4 53.9 51.0 49.1 48.4 
Mined by stripping thousand short tons 151,859 165,241 180,058 187,134 185,836 
Percentage mined by stripping. ......... 31.2 32.3 33 33.9 84.1 
Mined at auger mines 
thousand short tons 18,331 14,186 15,299 16,360 15,267 
Percentage mined at auger mines 2. 2. 2. 8.0 2.8 
Mechanically cleaned.._thousand short tons 810,208 832,226 840,626 849 , 402 840,923 
Percentage mechanically cleaned. ........... 63.7 64. 63.8 63.2 62.5 
Number of mines 7,630 7,228 6,749 5, 873 5,327 
Capacity at 280 days.. thousand short tons 606,000 655, 000 683,000 707, 000 NA 
Average number of men working daily 3. 128,698 188 , 782 181,752 131, 528 NA 
Average number of days worked EE 225 219 219 219 NA 
Average days lost per man on strike 44... 6 3 NA 
Production per man per dae short tons 16.84 17.52 18.52 19.17 NA 
Production per man per year do- 3,784 3,829 4,052 4,198 NA 


NA Not available. 


1 Bureau of the Census, U.S. Department of Commerce. 


2 Interstate Commerce Commission. 


? Based on data supplied by Accident Analysis Branch, U.S. Bureau of Mines. 
4 Bureau of Labor Statistics, U.S. Department of Labor. 
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Increases in mine mechanization took 
place in 1968 and helped hold prices down, 
although there were price increases aver- 
aging $0.05 per ton resulting from general 
market firming and the wage increase in 
October. 

A modest gain of 1.1 million tons, pri- 
marily in shipments to Canada, was 
achieved by exports during 1968, raising 
the total for the year to 50.6 million tons. 
In overseas markets, Japan increased pur- 
chases significantly while the European 
Coal & Steel Community reduced its total. 

Coal research moved ahead in pollution, 
synthetic fuels, and mine safety, with in- 
dustry and Government making major 
contributions. 

In transportation, a new coal pipeline in 
the Far West moved closer to reality as the 
project passed through the initial planning 
and design steps to the construction stage. 
Unit-train shipments continued to grow. 

Faced with the need for manning sig- 
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nificant additions to industry producing 
capacity to meet growing requirements, the 
coal industry and many individual com- 
panies, aided by the Federal Government, 
the States, and private organizations stepped 
up both recruiting and training efforts. In 
West Virginia, one company reported a 
need for 1,500 men for four new mines 
under construction in 1968 and a total of 
5,000 men for all of its operations in the 
State within the next 5 years. 

This chapter includes all coal produced 
in the United States except Pennsylvania 
anthracite, lignite produced in Texas, and 
bituminous coal and lignite from mines that 
produced less than 1,000 tons during the 
year. All tonnage figures refer to market- 
able coal and exclude washery and other 
refuse. Information on employment and 
output per man in 1968 will be published 
as a supplement to the Mineral Industry 
Survey, the Weekly Coal Report, and in 
the 1969 Minerals Yearbook. 


DISTRIBUTION AND SHIPMENTS 


Shipments of bituminous coal and lignite, 
summarized by districts of origin, States of 
destination, type of consumer use and by 
methods of transportation, show the par- 
ticipation of the bituminous coal and lignite 
industry in various energy markets of the 
Nation, both locally and nationally. 

The distribution data by consumer use 
do not necessarily conform to the con- 
sumption data because the latter represent 
actual use at consumers’ facilities whereas 
the distribution data represent shipments 
from the mines, some of which were in 
. transit or in consumers’ storage. 

Total shipments in 1968 declined 1.3 
percent from thóse in 1967, with most 
geographic divisions sharing in the de- 
crease. The greatest declines in quantity 
were in the Middle Atlantic, New England, 
East North Central, and East South Cen- 
tral geographic divisions. Increased ship- 
ments were made to West North Central, 
West South Central, and Mountain areas. 
Of the total 7.3 million ton decrease in 
shipments in 1968, coke and gas plants 
were down 3.3 million tons, retail dealers 
were down 1.1 million tons, all others" 
declined 2.9 million tons, and overseas 
exports were lower by 200,000 tons. 
Miscellaneous items such as railroad fuel, 
mine fuel, employees’ coal, Canadian and 
United States Great Lakes dock storage 


accounts, U.S. tidewater dock storage ac- 
counts, and net change in mine inventory 
were down 1 million tons. Electric utilities 
received 1.2 million tons more coal in 1968 
than in 1967. 

The quantitative changes in total tons 
shipped, expressed in indexes, that took 
place throughout the country, by geo- 
graphic division, State or destination, and 
consumer use, are shown for the years 1957 
and 1964 through 1968 in table 44. The 
year 1957 is used as the base year, and 
represents 100. For example, 1957 (base 
year) shipments of bituminous coal and 
lignite in the United States amounted to 
493,895,000 tons. Total shipments in 1964 
represented 98.3 percent of the 1957 level, 
while in 1965 total shipments, compared 
with 1957 figures, amounted to 1093.8 
percent. In 1968 they represented 110.4 
percent. 

To indicate the size of the bituminous 
coal and lignite market, quantitatively, in 
each geographic division, State, and con- 
sumer use category, the 1957 total tons 
shipped are shown in lieu of the index 
numbers of 100 which each tonnage figure 
represents (except those otherwise noted). 

These distribution data are based on 
reports submitted quarterly, to the Bureau 
of Mines voluntarily by producers, sales 
agents, distributors, and wholesalers who 
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normally produce or sell 100,000 tons or 
more annually. The unprecedented co- 
operation of these respondents resulted in 
their reporting about 94 percent of all coal 
produced or shipped. To account for total 
industry shipments, estimates for the re- 


FOREIGN 


United States imported only 224,000 tons 
of bituminous coal and lignite in 1968, 
almost identical to the quantity imported 
in 1967. Except for 100 tons, all coal 
imported in 1968 was produced in Canada. 

Following World War II bituminous coal 
exports became an important item of 
foreign trade, contributing heavily to our 
international balance of payments. 

In 1968 the United States continued to 
be the largest coal exporter in the world. 
Total exports rose to 50.6 million tons and 
were valued at $496 million, increases of 
1.1 million tons and $21 million. Nearly 
95 percent of U.S. exports in 1968 were 
shipped to Canada, Japan, and Europe. 
Most of the remaining 5 percent went to 
Brazil, Argentina, Chile, and Uruguay. 
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maining shipments are included, based on 
data from coal trade and other reliable 
coal statistical reporting agencies. 

Additional details of bituminous coal and 
lignite distribution for 1968 are presented 
in a Bureau of Mines report.? 


TRADE 


The sizable increase in coal exports to 
East Europe was one of the noteworthy 
developments in export trade during 1968. 
Shipments of coal to the “iron curtain" 
countries during 1968 reached 184,130 tons, 
all destined for East Germany and 
Rumania; 1967 exports to these East bloc 
countries totaled only 77,345 tons. 

While coal exports fluctuated widely 
prior to 1961 because of various emer- 
gencies abroad, since then, with no major 
fuel emergencies, exports have increased. 
There is reason to believe that, because of 
its high quality and competitive price, U.S. 
coal will continue to meet an integral part 
of the coal supply in Canada, Japan, and 
Europe. 


WORLD REVIEW 


World production of coal totaled 3,086,- 
438,000 tons in 1968, an increase of 3 per- 
cent over the revised total of 1967. The 
United States supplied nearly 557 million 
tons of bituminous coal, anthracite, and 
lignite, or 18 percent of the world output 
in 1968. 

North America’s contribution to world 
output declined 1.4 percent from the 1967 
level. The production of all other con- 
tinents increased. South America rose 1.5 


percent; Europe increased 0.3 percent; 
Africa was up 4.7 percent; Asia showed the 
greatest increase, amounting to 19 percent; 
Oceania was second best with a gain of 
8.5 percent. 

Production in the U.S.S.R., the largest 
coal-producing country in the world, was 
estimated at 655 million tons in 1968, a 
decline of 0.2 percent from the revised 
1967 tonnage. 


TECHNOLOGY 


Development in the coal industry during 
1968 included improvements in face and 
haulage equipment, electrical distribution 
systems, and safety aids. These develop- 
ments provide for more efficient operations 
with increases in production. 

Among the developments is a specially 
designed bent, oscillating-head miner that 
makes it possible for the operator to keep 
the cutting bits out of the roof when the 
coal seam turns downhill. Significant sav- 
ings in bit cost and greater productive face 
time are achieved. 


Shuttle cars continue to be the number 
one haulage unit at the face. Further 
improvements in face haulage were made 
through the development of the electric- 
wheel shuttle car. Features on the new car 
include larger capacity, faster discharge 
rate, and greater traction on wet, uneven 
bottom. Also, better traction has been 
achieved through the use of extra-wide 
tires on conventional shuttle cars. Resuits 


3 Bureau of Mines. Bituminous Coal and Lig- 
nite Distribution Calendar Year 1968. Mineral 
Industry Survey, March 1969, 39 pp. 
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of the new developments show less waiting 
time at the face and a corresponding in- 
crease in production. 

At a few mines, where battery-powered 
tractors and trailers are used to transport 
men, supplies, and coal, emphasis has been 
placed on maintaining a smooth, dust-free 
haulway. A miniature tractor-towed grader 
is used to clean and smooth the haul roads, 
while a battery-powered end loader is used 
to pick up the loose material. Also a 
tractor-towed sprinkler is used to control 
the dust. One mine used concrete to pave 
its haulways in areas where soft, wet, and 
uneven bottoms occurred. A special con- 
tainer with a built-in agitator and designed 
to fit inside a coal trailer is under develop- 
ment. This new development will be used 
to transport the concrete underground and 
will aid in the paving of future trouble 
spots. Well-maintained haulways resulted 
in a smoother, faster, safer, and efficient 
transportation of men and material with 
less wear and tear on the equipment. 

Longwall mining continued to increase. 
Fifteen units were operating in early 1968 
with additional units scheduled to start 
before yearend. Face lengths now range 
from 300 to 650 feet. 

The trend toward alternating current 
(ac) power is accelerating. Seventy-five 
percent of all new equipment sold in 1968 
was ac powered. The ability to perform 
most machine functions hydraulically has 
led to the use of highly efficient ac motors. 
The capabilities of starting ac motors 
“across the line" has reduced the com- 
plexity of the electric controller, thereby 
reducing a possible trouble source. 

In West Virginia, a silicon-diode con- 
troller is being tested on a loader. 
Reportedly the controller will reduce main- 
tenance problems associated with other con- 
trollers. This could be a breakthrough to a 
near trouble-free controller and thus con- 
tribute to more productive time at the face. 

Vacuum circuit breakers have proven 
their reliability for electric branch-circuit 
protection. They are readily adaptable to 
thin coal seams and may be installed in any 
position. The vacuum breaker contains no 
oil; therefore, fire hazards are eliminated. 
This alone could make the vacuum breaker 
a competitor of the oil breaker. 

New insulation materials, including cross- 
link polyethylene in the jacket, played a 
significant role in the development of a 
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25-kilovolt electrical cable system at a 
large surface mine in the Midwest. The 
higher voltage resulted in a smaller cable 
and a greater ease of handling. 

A new railroad car scanning and record- 
ing system was installed at one mine in the 
Midwest, and is being used in connection 
with unit train shipments. The scanner 
picks up information that has been coded 
on the side of the railroad car and records 
this information on a tape along with the 
weights of the payload. The information 
is transmitted to the computer center. The 
computer, in turn, can locate any car or 
train at any time, eliminating the possi- 
bility of cars going astray. 

The field of safety continues to search 
for new aids that will make the Nation's 
coal mines safer. Methane monitors are 
becoming more common in gassy mines. 
Researchers are now developing another 
detector devise that can be fastened to a 
worker's belt and will give an audible 
alarm if the oxygen content drops below 
normal. This could be a safety booster for 
the mine worker. 

Ventilation at the face has been aided 
by the design and use of auxiliary fans, 
both electrical and hydraulic powered fans 
being in use. Electric fans with 10 to 15 
horsepower and having tube lengths up to 
200 feet are in use. The hydraulic fans are 
mounted on the face machine and depend 
on the mining machines for power. These 
aids provide for a safer atmosphere at the 
face. 

Emphasis on the environmental aspects 
of coal mining and utilization is continuing. 
The U.S. Department of Health, Educa- 
tion and Welfare has entered into a con- 
tract with several groups for the purpose 
of studying ways to reduce and eliminate 
air pollution. The Bureau of Mines is 
engaged in these efforts through a study 
of the availability of low sulfur coals in 
the Appalachian Region. 

Research continued in coal utilization, 
with several projects advancing to a pilot 
plant scale. The following pilot plants were 
operating or started up in 1968: The coal- 
to-gasoline plant in West Virginia; a fly-ash 
construction materials plant in West Vir- 
gina; and a sewage treatment plant in 
Ohio wherein coal is used as a trickling 
medium. There are other pilet plants in 
the plánning stages and should be coming 
on line soon. 
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Table 4.—Production of bituminous coal and lignite in the United States, 
with estimates by weeks 


(Thousand short tons) 


1967 1968 

Maxi- Average Maxi- Average 

Week ended— mum produc- Week ended— mum produc- 
Produc- number of tion per Produc- number of tion per 

tion working working tion working working 

days day days day 
C 9,673 5 1,935 Jan. 6: os cns cuu 8,448 5 1,689 
Jan. llic insoni 11,302 6 1,884 Jan. 13. 10,177 6 1,696 
Jan. 21_.. zs 11,186 6 1,864 Jan. 20. cac 10,275 6 1,718 
Jan. 28______ ` ` 11,313 6 1,886 Jan. cun 10,929 6 1,822 
Feb. 4 10,851 6 1,809 Feb. 3...........- 8,672 6 1,446 
Feb; I! 10,569 6 1,762 Feb. 10 10,769 6 1,795 
Feb. 18. 11,161 6 1,860 eb!!! 8 11,058 6 1,848 
Feb. 25. 10,675 6 1,779 Feb. 24. 10,802 6 1,800 
Mar. 4. 10, 656 6 1,776 Mari 2. ¿22 LLL 2 11,337 6 1,888 
Mar. 1111 9,22 6 1,537 Mar: 9.22; ¿222 11,370 6 1,895 
Mar. 18..........- 10,484 6 1,739 Mar. 16 10,928 6 1,821 
Mar. Sp ----- 10,968 6 1,828 Mar. 28........... 11,309 6 1,885 
ADEM 1.2 11,225 5.5 2,041 Mar. 30. 12,078 6 2,018 
Apr. 8 10, 945 6 1,824 Apr. 8888 9,727 5.8 1,885 
Apr. 15..........- 11,218 6 1,870 Apr. 1 11,447 6 1,908 
ADP. 22; x52 11,426 6 1,904 Apr. 20 T : 6 1,920 
Apr. 29 11,468 6 1,911 PTT 11, 554 6 1,926 
May 66 11,402 6 1,900 May 4. 11,064 6 1,844 
May 13..........- 11,121 6 1,854 May 11........... 11,384 6 1,897 
May 20..........- 10,950 6 1,825 May 18 11,101 6 1,850 
May än `... 11,670 6 1,945 May Zb 11,149 6 1,858 
June 8 9,622 5.1 1, 887 June 11114 9,583 5.1 1,879 
June 10 11,577 6 1,930 June 8............ 11,664 6 1,944 
June 1777 11,546 6 1,924 June 15 11,707 6 . 1,951 
June 24..........- 11,529 6 1,922 June 22 11,664 6 1,944 
July 1. e 6,028 2.4 2,512 June 299 5, 645 2.7 2,091 
rr cs 3, 977 1.5 2,651 uly Gier iang 4,025 1.7 2,868 
July 15... sz 9,748 4.5 2,166 July 18...........- 9,969 4.7 2,121 
July 22... 9,649 5.2 , 836 July 20 10,778 5.7 1,891 
July 29............ 11,309 6 1,885 July 21... us 11,886 6 1,898 
o ci S 11,028 6 1,887 Aug.3...........- 11,084 6 1,847 
Aug. 122 11,219 6 1,870 Aug. 10 11,149 6 1,858 
Aug. 19 11,171 6 1,862 Aug. 17..........- 11,250 6 1,875 
Aug. 26..........- 10,992 6 1,832 Aug. 24. 11,417 6 1,908 
Sept. 2. c rosas: 11,385 6 1,889 Aug. 3 11 11, 572 6 1,929 
Sept. 9? ss 9, 5 1,895 Sept. 1... oss 9,725 5 1,945 
Sept. 16 11,243 6 1,874 Sept. 14..........- 11,596 6 1,933 
Sept. 233. 11,144 6 1,867 Sept. 21........... 11,607 6 1,935 
Sept. 30. 11,128 6 1,855 Sept. 28 12,309 6 2,052 
GGG 11, 084 6 1,839 Oct. EE 8,415 6 1,408 
Oct. 14. cuc 11,110 6 1,852 Oct. 12 Lec 4,674 6 779 
Oct. 21... ccs 11,024 6 1,887 Oct. ?? 8 7,332 6 1.222 
Oct. 28 11,361 6 1.894 Oct. 288. 10,914 6 1,819 
Nov. 4. 11,018 6 1,836 Nov. 2 11,597 6 1,983 
Nov. 111111 11,054 5.6 1,974 Nov. 9 11,008 6 1,835 
Nov. 18..........- 11,481 6 1,914 Nov. 16..........- 9,898 5.3 1,868 
Nov. 25 9,568 5 1,914 NOV; 29... ues 11,343 6 1,891 
SS EE 11, 163 6 1,861 Nov. 30. 9,614 5 1,923 
Dec. 9........-.-- 11,154 6 1,859 Dee... 10,489 6 1,748 
Dec. 16 10,665 6 1,778 Dec. 14. 11,251 6 1,875 
Dee. 28_____ ` ` 10,649 6 1,775 Dee; 21... l L 11,084 6 1,847 
Dec. 30 8,297 5 1,659 Dec. 2888 8,038 5 1,608 
— Jan.4............- 14,865 12 ? 1,743 
Total . 552,626 295.8 1,868 

Total 22 545,245 298.5 1,827 


! Figures represent output and number of working days in that part of week included in calendar year shown. 
Total production for the week ending Jan. 4, 1969, was 8,715,000 short tons. 

? Average daily OU PUE for the entire week and not for working days in the calendar year shown. 

3 Data may not add to totals shown because of independent rounding. 
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Table 6.—Number of mines, production, value, men working daily, days active, man-days, 
and output per man per day at bituminous coal and lignite mines 
in the United States, in 1968, by districts 


Production (thousand short tons) 
Number y ° əy>> o T R H D —F—  J-  — ³ ök A NET RRE 


District of active Shipped Shipped Used value 

mines by rail or by a Total * per ton“ 
water ! truck mine ? 

1. Eastern Pennsylvania 643 28,725 10,037 2,647 41,408 54.52 
2. Western Pennsylvania 240 32,312 6,405 705 89,422 6.09 
8. Northern West Virginia 342 42,004 1,251 4 43,260 4.82 
„rr S roD y REOR eS 372 32, 328 13, 129 2,866 48,328 3.96 
„ Mien. ỹ od Eegen ke y km See eee. ee 
6. Panbandie --.------------------- 17 4,383 255 2,311 6,949 4.42 
7. Southern Numbered 1............- 479 87,226 904 172 88,302 6.39 
8. Southern Numbered 222 2,659 144,476 7,323 352 152,151 4.70 
9. West Kentuckyů ? 84 40,159 6,347 8 46,515 3.42 
10. Illinois- ac 2 occ aste wer E 70 53,635 5,677 3,129 62,441 4.01 
11. Indians... o nee 44 13,659 2,952 2,475 18,486 8.88 
12. % A E A 15 12 264 8 3.75 
18. Southeas tern 198 14,686 2,858 729 18,272 6.71 
14. Arkansas-Oklahoma...............- 12 571 4 5 7.82 
15. Soutbhowestern. 20 3,586 378 1,232 5,195 4.51 
16. Northern Colorado 4 445 207 654 4.25 
17. Southern Colorado 52 4,494 1,094 88 5,670 5.37 
18. New Mexico 4 2.2140. leiere 2,664 2.66 
19. Wyoming 18 1,571 2,207 8,829 8.16 
e eee Duo tuna 23 8,878 421 4,316 5.77 
21. North-South Dakota. ............- 22 2,950 315 1,221 4,487 1.78 
22. Montana... 11 484 „ 519 2. 34 
23. Washington 8 755 172 1 928 5.74 
Totdl EE 5,327 463,328 61,753 20,165 545,245 4.67 


1 Includes coal loaded at mine directly into railroad cars or river barges, hauled by trucks to railroad sidings, 
and hauled by trucks to waterways. 

° Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 

3 Data may not add to totals shown because of independent rounding. 

* Value received or charged for coal, f.o.b. mine. Includes a value, estimated by producer, for coal not sold. 
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Table 9.—Production of bituminous coal and lignite in the United States, 


COAL—BITUMINOUS AND LIGNITE 


by districts and by underground, strip and auger mining 
(Thousand short tons) 


District 


. Eastern Pennsylvania 
Western Pennsylvania 
Northern West Virginia 


Michigan- ------------------- 


Sek: E EE 


Under- 
ground 


1967 


Strip 


Auger Total! 


Under 


ground 


1968 

Strip Auger 
18,009 600 
4,944 166 
4,785 213 
30,516 1,468 
859 32 
3,084 574 
15,457 11,919 
28,432 216 
36,039 10 
16,318 ...... 
5844 
7,873 63 
482 6 
5,195 ...... 
1,7965 ...... 
2,662 (25 . 
3,713 ...... 
4,487 — 
488 — 
878 ...... 
15,267 


16,360 552,626 344,142 185,836 


1 Data may not add to totals shown because of independent rounding. 
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Total ! 


41,408 
39 , 422 
43 ,260 
48,323 


318 


State 


Illinois 


New Mexieo. 
81 oc see tes 
Oklahoma............. 
Pennsylvania 
Tennessee 
e ME 
Virginia 
Washington 
West Virginia 
Wyoming 


1968 


Alabama 
Arkansas 
Colorado ------- 


Kentuck ce ----- 
Maryland............. 
Montana 


Pennsylvania 
5 at F 


Virginia. 
Washington 
West Virginia 
Wyoming 
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3,381 


Table 10.—Underground mine data for bituminous 


Production and shot 


344,142 


from 
solid 


Cut by machines 


Quantity 


8 
RÄ 
62 , 466 

117 


171,530 


Number 
of coal 
cutting 

machines 


166,543 


1 Data may not add to totals shown because of independent rounding. 


Average 
output 

per ` mining 

machine 


(Thousand 


Mined 
by con- 
tinuous 


machines 


69 
„ 
44 9,195 
14 116 
. 
„ 
2 660 
67 8,492 
30 45, 843 
25 513 
85 2,882 
30 9,065 
55 10,817 
47 165,571 
78 388 
11118 s 
16 2,786 
200 14,168 
95 179 
59 8 
56 10, 544 

12 
„„ 
3 763 
85 9,475 
36 43,391 
32 606 
85 8,149 
35 10,411 
60 67,885 
E 
54 163, 816 


COAL-——BITUMINOUS AND LIGNITE 


coal and lignite mines in the United States, by States 


short tons) 


Mined by 
longwall 
machines 


wm ap  — gr em oe = 


Number of power drills and production 


Face or coal drills 


Handheld and 
post mounted 


Quantity 


Number 
of mines 
using 
power 
drills Number 
77 150 
8 8 
44 64 
32 5 
11 9 
4 8 
1,079 1,294 
14 2 
9 13 
3 5 
57 61 
210 286 
103 211 
22 7 
704 959 
8 14 
912 1,415 
5 8 
3,292 4,535 
64 112 
2 6 
39 52 
32 2 
9 7 
E TEE 
973 1,123 
15 25 
7 9 
1 3 
47 38 
44 
172 199 
86 159 
24 6 
604 812 
3 12 
134 1,052 
4 10 
2,819 8,627 


Mobile 
Number Quantity 
30 3,435 
EE 7 3317 
84 12,761 
13 1,425 
3 286 
222 25,300 
Kai: 1 10 
Duns 29 5,279 
s 37 65511 
5 320 
23 913 
28 5,016 
S 221 $32,063 
1 
704 93,63 


100,514 


Roof bolting 


Rotary 


2,051 


Per- 
cussion 


Roof or rock drills 


d 
pe—————————————Ó———Ó——X 
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Other uses 
Rotary Per- 
cussion 
36 21 20 
ERR B 
85 22-2- 3 
5 
F 2 
. 
74 9 15 
F 
FFF 
4 . 
267 2 60 
2 1 1 
54 7 
104 4 10 
250 43838 72 
835 109 190 
39 4 35 
P cci 
CCC 
„ 
e 2 
880 5 8 
F 
F 
2 . 
7 
263 19 77 
N 1 
FFF 
92 ....... 6 
221 — 29 56 
783 61 185 


1968 


MINERALS YEARBOOK, 


320 


1°289°S 8 8622 8888 1 22901 6962 984 q0€ 690˙9 898 9 09999 959 2 99 802 izes. eee 1620. 
J EE, ` ee LUI p Se S w J)) EE pU E EM. EE, EE (seu pcs qux ar oo BOA AK 
6°SS0‘T 8 908 9' 6T, 5 807 0921 092 89 (OM: 8311 912508 097 59 92 953 J V BIUIBIIA 389M 
32 - j; 8 I I 77... 8 75 C uo33utqse A, 
L ° SEI q ° rE 2°66 Sr 901 OFZ IS IF 812 99; 2 á À M^ 006 | "77777 ec Lët FF BVIULZITA 
9°29 Sr Lt S'OP 121 99 2 9 101 11 526 I III 9 LL EE nal 
8°08 L'S I'9€ 9*6I TP 62 e 29 q; ITP. Sq | 777777 81 2 FV əəssəuuə,], 
L°6hL 8 692 5 067 gr Let 849 91 Ie 696 801 263 91 GL 9 19 p90‘ | 77777777 €"rusA[Asuuoq 
eee 22222.. —— See 2—2—— — — — — 2 VV d ne 
L ˙901 Los 9°08 9°98 eor  —— "77777 e 661 9 3808 1 y g SLI Ree orqo 
5356 Ch 6°T „%o Se gé | 7777777 q o 7777 | MEME (MCN EN EE OOO N ASN 
ot 9° 2 Cu 88 Segen gege 664; 8 1 1 9 7^7"(snourumn3iq) euse1uojq 
0˙9 q'Z 9˙8 PI L S8 77777 + eT. 09 . $c 7 —w—s E. NEIN, ee Tt pue[A16]A 
9'T9c 8 19 8 ˙881 Sr Set 898 Lët 381 004 POT I 189‘9 916 T Te 698 | — 77777777777 KxXon3uo 
8˙9 NM: NEE d E E ; . ERR TSS goo Pea ee E BAO] 
CN? "Wi 8˙8 2˙9 EI ee NNI 88 | J— 7777 SEE. SOARES ee! ee UM Ea Ze AT -wusipu] 
1°09 g° 12 9°88 L°98 pig 77777 81 998 I 065.1 og 77777 ec A ue s TTE Stot 
Q'er 2 51 8°62 6° II 8o c a s yu II Zol "ii (CIA E. o ees 91 gl 77777777777 Op91o[oc) 
„ D ee: TTC b C JJ ee ea S8SUS€XIV 
5 211 Sr Gë 361 9" I€ FC 661[!Wĩ 7777777 880 2 8} —— VV J sueqely 
896T 
— . f 8 
2 263 2 8 228 6˙ 596 IJ 8°LS6 883. LIO‘T 098 Seet g28'9 8p OL  829'2 Lg 29 giL e Sees 30L 
LM ⁵ EA a , ĩðͤ ñ Ee EE 
117. Sree Seas PU CCC ee JC ͥ ꝰ een Pee Se ee ager: NISI v SUIUIOA A. 
9'v80'T 9268 0* 48, 2307 he I 305 26 081 ‘Z 888 J 996328 g oP ee SI OE BIUIBIIA 1SƏ AA 
LO Susu bi ) sedecim ae u eCeg I I Pl. ves. tes ee pu Sa ee ee uo Zu A 
pP 191 598 0˙911 9°98 881 LZ 99 902 9058 182.7 680 IJ!ů 81 891 "` cen 
0°06 5 91 9°SL gert 09 | | 77777 8 911 IT L*g'2 Gc ` | eres r I. 868 eu" 
5 O7 6 6 9˙08 v'9 LZ Zo e OF v8 799 IQ. 5-9 21 B00 Sees ooSsouuo J, 
8'29L p 687 p Sl T° OST PLS gc Zo 096 181 589 91 901 9 LL 6901 "rr? srugA[Ásuuoq 
Fixes, are wee xe qmm / Rey, KNOT. Daran ee FFC c M yy a uu ONO 
9°SIT Los 9'88 Sr Lë 96 CC 081 +I ICA ARS St I 8 J. ERE orqo 
gu En g 8 ˙2 JJ Osee isses 0L —— rere 9 „ tee See Ota MƏN 
9'8 T° , T ea I 6 Oe sel. — "7777 I Z 8 --7(snourunj3iq) eue3uo]A 
mon use c ĩðùĩ ey) Natit ee, ONIS TET DS DT I BCEE DEE FT IL Tena EE OT IT vr OW PS CHE OEC: ibd LEE PESCA RP CUM N TTT7T7T7T7T777777777HUnoOsstyw 
CN 9˙2 g: 8°S FI a b 390 29 € 0 009€ EE ee pus[A18 JA 
T°808 2°18 6 922 L°80T 962 319 OST 81; LGNM 862'9 688 L c9 8399ͥ Ayonzuay 
Lrt 0°1 TG pte v i Go 86 ; “s. r. eee e UR INT OI 
LN? 8˙1 NI L'S a · K er 218 e= Bep ee tae ee ee e Ne ss sss Sept 
0˙ 59 961 q` p€ Sr GL W + 018 8 999 ‘T 9p — 7777 81 OB. ASE ee Stout 
8°SF 6 21 6˙28 £'6 0e I 9T ey] | — "777777 918 ˙2 p cc OI JJC ͤ EE Op¥10[0H 
9 8 gs exec d v PE SS cote 323 Lee ucc E sesusx1y 
9" LIT 0'98 9°28 8˙8 e 9911 7777777 30 3 EFF memes. Geer €"ureqery 
LOGI 
13490 out 199: pany 813440 
1530. IV ure] Led UV sun Asay Bg QBI  -1eqqnu feu uyv K1933€g “ƏllOoxi, 
se133nq pom 
(eat) Si0KoAuOo eJSe[neu  epnug -1aqqni 33819 
peo HIVI) [Tey puse Zune 8182 əlqynqus 8J69 JUIN 810408, L S9AT30UIOOO'T 


sons Aq ‘SIIS POUN 201 ur s punouZiopun 23jyruZi[ pue [EOD snourunjiq ur əsn ur hen [rer jo qy3uo[ pue sirun ə3e[ne]r— II 9?Iq* L, 


COAL— BITUMINOUS. AND LIGNITE 


321 


Table 12.—Method of haulage at bituminous coal and lignite underground mines 
| in the United States, by States 


(Thousand short tons) 


Production from mines 1967 


State Reporting Reporting Reporting With Not report- 
rail mine rubber-tired shuttle conveyor ing type Total ! 
cars mine cars buggies haulage only of haulage 
1967 
Alabama...............- , Aaaa 3, 980 739 9,362 
Arizona 2x4 ͥ ::..... 88 1 1 
Arkansas 23 ee eee, eee K SAEI S a dt 22 45 
Colorado 1,3999988 7 1,754 415 3, 574 
Ilinos m 7,181 T Q a eres 19,889 871 27,948 
Indiana... Bll? huoc (( 1,318 12 1,641 
(og eo cee ct COS. cueste dE x ` M uA cote 295 
Kentuckyůy y: ----- 19,384 9,618 1,936 19,000 8,585 58,518 
Maryland..............- 1 45 86 228 ö 381 
e f es wee UE A cette, ete 1 
Montana: 
Bituminous Ol. .28ee@scose> ³¹¹wA 8 4 41 
/ ³¹—O oh!. uA e uf Lieu ,] 1 1 
Total JG; a . ͤ 8 5 42 
New Medieo %%% 8 660 5 668 
Ohio... EEN 12,708 13 5 2,409 37 15, 172 
h mnm r: Sau ⁰Am -d ³˙¹ꝛààm K ue 2 
Pennsylvania 33,718 302 47 18, 366 4,057 56,490 
ennesgeg . 2,102 638 43 619 552 8,954 
tah. set et tees 3,076 „ 1,064 14 4,175 
Virginia 6,680 7,509 109 7,435 8,767 30, 500 
Washington 4 "———Pe 0 T ĩ tes 56 
West Virginia 91,178 4,876 1,215 35,016 3,908 186,193 
., ³o i. ͥ ð e eiii 107 10 1 
Total 22 182, 804 23,033 3,448 111, 845 28,008 849,133 
1968 
Alabama..............-- 4.629; oclo hncuc l sus sunset 4,144 479 9,252 
Arkansas..............-- BI. uocis cr Aet uM atia ate 28 59 
Colorado % ͤAA aot else 1,237 820 3,768 
Illinois , stl lates 19,866 654 26,392 
Indians S as DO utc an du n east se L 810) ens 2,168 
1§ö» Se eee /F» ĩðͤ ³ 600 AA ub ·¹ - S rt 293 
Kentuck e 18,056 5,245 1,521 23,800 12,072 60,694 
Marvland -2 15 48 7 210 854 
Montana: 
Bituminous.......... ))) Cees, ER ME 12 86 
J bo Adebutuedo c0 qu ce uum dicc du euo ˙· ĩðW A ³⁰¹ .w--- Edo et 
Total... „ slt e 12 36 
New Mexico B .......... ..-......- 763 8 768 
G ‚‚§%o A éi 11,824 E E EATA 4,419 92 16,339 
F en: eee, Dpto cab ` Elus au. QP ZD i ers 31 81 
Pennsylvania 34, 908 84 54 19, 308 268 54, 622 
Tennesse 1,445 267 41 1,354 1,517 4,624 
Lët sc 8 2,914 21 115 1,227 8 4,316 
Virginia 6,839 7,715 58 11, 346 5,442 31, 400 
Washington EJ ˙ ) ⅛ QAAàAA. ³⅛¹¹A y le bum 50 
West Virginia 86,787 3,366 1,224 34, 762 2, 727 128, 866 
WYOMING tie n ] A 8 106 11 1 
Total 1___ 175,679 16,758 3,088 124,417 24,201 844, 142 


1 Data may not add to totals shown because of independent rounding. 
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Table 20.—Bituminous coal and lignite strip mines using power drills in bank 
or overburden in the United States, by States 


Production Number of power drills 
Number — hŠ OQ  nO3———-— .— —v—- 
State of mines Quantity Horizontal Vertical Total 
(thousand short tons) 
1967 1968 1967 1968 1967 1968 1967 1968 1967 1968 
Alabama........-..........- 85 88 4,789 5,264 8 7 82 82 40 89 
%% ũ 2A 3 3 608 750 1 1 3 4 4 
Arkansag. 8 8 188 152 1 1 2 2 8 3 
Colorado 6 4 1,861 1,764 5 2 6 5 11 7 
Minos Lex 29 27 80,955 31,615 14 16 33 28 47 44 
Indiana...................-- 26 28 16,749 15,851 15 12 22 80 87 42 
1 ũ-“‚,g mm mae 11 9 , 584 451 10 7 11 10 21 17 
Keonsss -0 5 4 1,136 1,268 11 9 1 2 12 11 
Kentucky: 
Eastern 83 84 8,418 3,962 22 21 24 28 46 44 
Western 32 29 29, 534 27, 965 10 8 43 48 53 56 
Totali--.: en tees 65 68 82 ,952 31,927 32 29 67 71 99 100 
Marvlangd. 9 12 292 589 3 3 3 5 6 8 
Missouri 11 10 3, 682 8,199 13 12 5 5 18 17 
Montana: 
Bituminous.............- 1 1 1 N 1 1 1 1 
Lignite. ⁵8é 1 1 1 1 1 | egen ¿uz 1 1 
Total tL... 2 2 2 8 1 1 1 1 2 2 
New Mexico 8 2 2,795 2,653 2 1 3 3 5 4 
North Dakota (lignite 2 1 1,226 1 1 g^ nuu 4 1 
))hhhhhhhGöGͥͥ 8 111 133 21,341 24,788 40 82 105 115 145 147 
Oklabhomg .....------------- 6 4 15 6 5 4 11 9 
Pennsylvania 198 193 18 , 387 12,828 58 61 148 188 206 194 
Tennesse 8 32 1,980 1,934 217 27 20 14 4 4 
Virginia 2 21 2,225 2,001 11 11 14 15 25 26 
West Virginia 139 132 8, 785 8, 579 65 54 101 103 166 157 
Wyomn gg 6 6 1, 988 2,257 5 6 7 13 13 
Poel! 2 see ses 724 717 148,235 148,874 329 298 593 588 922 886 


1 Data may not add to totals shown because of independent rounding. 
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Table 21.—Method of haulage from bituminous coal and lignite strip mines 
to tipple or ramp, in the United States, by States 


Strip mines reporting method of haulage Strip 
mines 


not re- pices 
po strip 
m Average Average Produc- vei produc- 
State Number capacity distance tion of haulage tion 
of pertruck hauled (thousand produc- (thousand 
trucks (short (miles) short tion short 
tons) tons) (thousand tons) 
short 
tons) 
1967 
Alabama.. 109 26.2 5.2 3, 620 2,428 6,048 
7J%7%//ô§˙%ͤęũ—qèd y y 37.2 6.2 608 317 925 
Arkansgg. 2. sess . . ccce aa 11 10.6 1.4 144 .......- 144 
Colorado s.s s. enn n ee 18 40.8 2.8 1,801 61 1,862 
Illinois. 313 51.5 8.9 86,914 271 87,185 
Indiana 131 42.4 4.1 16,978 153 17,181 
LEE 29 12.7 4.5 4 
Keonsaga eee 28 42.2 2.2 11080 1, 186 
Kentukůũgͥkrr kk 372 $1.6 4.6 80,827 5,458 85,785 
Marviand.. aaan 85 18.7 8.4 6 267 
Missouri.. 59 35.7 4.6 9,664 80 8,694 
Montana: 
B:tuminous..............-...-..- 1 10.0 [20° „ 
ETA EEN A 20.0 2.0 927 1 828 
Total EEN 5 18.0 2.0 828 1 829 
New Mexieg aaaea 18 51.5 8.4 2,795 ..... 2,795 
North Dakota (lignite)...............- 82 24.5 4.0 8,975 181 4,1 
r y A o NM 685 23.3 7. 4 23, 648 5, 561 29, 209 
Oklahoma- csse sa 80 19.6 5.8 16 8 819 
Pennsylvania 1,182 16.1 6.8 15,561 6,428 21,984 
South Dakota (lignite)...............- 1 6.0 4.0 585855 5 
Tennessee Fase Nat APOO pce ae 181 18.9 11.9 1,727 950 2,677 
, ee oe eee 95 18.4 8.8 2,121 2,075 4,196 
Washington__..... -2-2-2-0 1 5.0 7 8 
West Virginia 630 19.6 5.3 8,911 8,206 12,117 
Wvoming 22-an 84 26.9 1.5 S471 i. 8,471 
o leoclecu rure 4,058 24.3 6.0 159,760 27,984 187,184 
1968 
„ es cemaneaduud 88 26.1 4.1 8,997 8,128 7,125 
J a ee 18 48.2 6.4 750 750 
Arkansas 11 10.6 1.7 145 7 152 
Colorado 18 40.8 2.9 1,695 100 1,795 
Illinois... oe ee é 288 56.8 4.0 85,998 41 86,089 
Indiana. ... .. . eo de 155 48.7 4.8 16, 158 160 16,318 
OW ZT su e ñð my 29 12.7 5.0 87 
Kansas 26 42.2 3.4 1.2688 ! 1,268 
Kentucky EE 343 88.8 5.4 26,079 8,154 84,283 
Maryland.__..._.._.._.___. A 81 17.8 4.9 621 878 
ß . 54 37.2 5.7 3,178 27 3, 205 
Montana: 
Bituminoun s 1 10.0 5 2 151 153 
ÉIER 6 18.7 2.0 330 380 
Total ee L z Sus 7 13.1 2.0 832 151 
New Medieog -aaan 16 61.8 8.3 2,652 10 2,662 
North Dakota (lignite)...............- 77 23.3 8.3 4, 305 182 4,487 
));ͤ ³ĩv³K ĩ ( eee ne 703 24.9 7.2 26,236 4,280 30, 516 
Oklahoma. aan. „ 22 21.6 4. 8 ; 3 1, 
Pennsylvania 1,095 16.7 7.8 15,237 5, 675 20, 912 
Tennessee. 8 19.5 12.2 , 1,669 8,292 
V ßßͤͥͤĩðꝭtV ð y 99 19.9 5.4 2,122 1,924 4,046 
Washington 12 9.5 1.0 128 128 
West Virginia 548 20.1 5.8 8, 555 3, 526 12,081 
Wyomn gg 34 32.1 1.8 WIS. rere een 8,713 
! ³o AA 8,802 26.0 5.8 156,391 29,444 185,886 


1 Data may not add to totals shown because of independent rounding. 
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Table 22.—Equipment used at bituminous coal and lignite auger mines 
in the United States, number of units 


Augers Power shovels 

State 
1967 1968 1967 1968 
Alabama... ...........-.._....-...- 4 A 
Colorado 7 ͤͤĩͤĩõĩ?ĩ?5 ⁵«ðͤ m odes 
III.. d 0wewexs Sea 
Kentuck // . ... .. . . . . ...... 146 150 2 
Maryland. ...................... d. 8 seses $9 
J V A E 50 41 1 
Oklahoma. f —— X ˙ AA 
Pennsylvania 62 JJ cscz 
Tennessee 8 iudeu 2 
EEN 67 GS. Y 
West Virginia. 106 107 11 18 
Total... . cee eeteeaes 450 483 19 23 


Power drills 
1967 1968 
16 5 
— 1 1 
14 4 

B — 16 
85 82 


Table 23.—Bituminous coal and lignite mechanically loaded underground 
in the United States, by type of loading equipment 


Type of loading equipment 


Mobile loading machines: 


Direct into mine cars or onto conveyors...........-....-.-...----- 
mite tt .. J... ....... ße 


Continuous-mining machines: 


Onto ceonveyors-_._..... .... 5 
Into shuttle ears Se ee eee Add E 


Longwall machines.......... c ccc A A een ee ee eee 
Duckbills, scraper loaders, and hand-loaded conveyors. ................- 


Total mechanically loaded 1H 12.22.22 eee nee 


1 Data may not add to totals shown because of independent rounding. 


1967 


20,965 
187,461 


17,201 
125,277 
,228 
2,865 
8,282 
2,086 


829,914 


1968 


21,980 
188,820 


829,987 


Bulldozers 
1967 1968 
104 55 

2 2 

84 22 

9 — 6 
2 6 

41 49 
118 109 
805 293 
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Table 24.—Comparative changes in underground mechanical loading of bituminous coal 
and lignite by principal types of loading devices in the United States, by States 


Mobile loading Continuous-mining Lo 
S machines machines machines 
tate — —ä  —— Y —ə— —. n 
1967 1968 1967 1968 1967 1968 
Alabama ebe 8,493 8,418 284 JJ bssbaosa 
Colorado... . eS 888 918 2,617 2.188. 22:2 eir ee 
Illinois 12, 797 12,221 15,037 14,168 110 
ma, ĩðVUt/ nl mc LaL xS 1,591 1,989 |. 49 1799222 
1ß777/%C 32 x ede 286 Jͤĩ˙u y y d quus iE 
Rntueeeknlklnl LTO ¿Sus 40,894 44,071 9,195 10.044. iul. -.....-. 
aryland.. curie EEN 1 TEE 
Montana 21 ///! Q ⁵³ðVĩ ⁵ 88 
Nr ³AAA cdawecesac .-..[..[...B... 660 J Seene, 
% ³˙»1ꝛꝛꝛAAA el 6,460 6,710 8,492 ;ö;⁴ 8 
% o ⁰¹ m ⅛⁰ꝛ˙˙mm ³ Aa ĩ]ðé ;ͤfͤk ß , ̃ ˙⁰ Geteste 
Pennsylvania 9,065 9,068 45, 844 48,891 820 1,615 
Tennessee 2,519 9,246 518 606. a2::15 w 
//; o‚OW»WWWAWAA—ꝗ.q ene clau 948 871 2, 882 3,149 331 282 
ET TD 14,698 15,540 9,066 10,411 518 990 
Washington 17 19 C ' ¹ A ³oÜ¹•W ð v ĩͤ 5SO sS 
West Virginia aa LIE 59,498 56,0062 70,817 67,886 1,468 1,746 
Wyoming II˖˖; ; 8 
ROU EE 158,426 159,700 165,571 168,816 8,232 4,688 
Duckbills, scraper Total production 
loaders, and hand- Total mechanically at mines using 
loaded conveyors loaded mechanical loading 
devices 
1967 1968 1967 1968 1967 1968 
Alabama. cec c casses esee 816 165 9.092 8,966 9,100 8,966 
Arkansas...... ccc ce ee cce e eese 45 5 46 
Colorado 2c occ sense 2 cence ese 48 48 8,662 8,747 8,552 8,751 
EE wk yd ⁊ĩð v unas S 27,945 26,389 21,946 26,989 
% ĩ·ͤ1B1wjo0³ꝛ˙Üwmyyyd ð y „639 2,168 ; 1 
Ree x ASS Z Steg 286 289 286 289 
Kentucky... ß . . .. se coz 28 87 50,117 54,658 50,517 55,042 
Maryland................ A 8 8 278 259 
Montana....... .. ee eee eee ee 17 16 98 33 88 88 
New Mexico E nds 768 1 68 
LEE 9 10 14,961 16,195 14,961 16,197 
Oklaboma ..... .. . 8 2 31 
Pennsylvania 294 211 56,022 654,285 56,090 64,286 
enness ee 177 125 3, 209 8,977 8,209 8,971 
|o HOC 13 13 4,175 4,816 4,175 4,816 
KA, ol u. .. Qul oes 82 87 24,958 27,028 24,866 27,156 
Was | ERROREM tt S UN 89 81 56 
West Virginia 1,604 483 183,866 126,066 188,417 126,159 
Wyoming....u.o.eccaccoqdemoeDacco 7 1 
Totali. u. ucu cul Lu usu Ous 2,685 1,289 329,914 329,887 330,951 330, 005 


! Data may not add to totals shown because of independent rounding. 
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Table 25.—Number of bituminous coal and lignite underground mines using mechanical 
loading devices and number of units in use in the United States, by States 


Number of mines 


Using 
Using duckbills, Using more 
Using mobile continuous- scraper than one 
State loading mining loaders, type of Total 
machines machines and hand- loading 
only loaded device 


1967 1968 1967 1968 1967 1968 1967 1968 1967 1968 


Alabaſa aK. 12 J eh a E b 4 Ki vi 
Colorado 22 22 9 10 7 6 7 5 45 48 
GT ee 18 14 5 111 222055 8 8 81 82 
Indiana. _. ...... .. .. .. ....- 9 )J) ðͤ + bese 1 1 10 9 
Joni o ogan ane ³ĩV́ AAA ę⁊⁊⁊⁊⁊⁊⁊ ̃ T sete. 2 2 
Kentucky................. 407 425 81 41 1 2 12 11 451 479 
Maryland 2 2 1 L gll sexes 5 5 
Montana................-- 4 a. Lu due 2 S nua 6 5 
New Mexico 1 1 J. utu ies eds 2 1 
ooo 8 18 14 9 12 2 2 4 5 83 83 
Oka... ð l- yaka. aG sup esie 1 1 
Pennsylvania 47 41 109 108 35 24 22 21 218 194 
Tennesse 31 31 4 6 15 12 rugas mex 50 49 
(Ty EE 11 10 9 7 1 1 8 2 28 
Virginia 276 269 43 40 4 6 16 18 839 888 
Washington 2 2 ˙ ums 1 N Bases 8 8 
West Virginia 855 841 128 147 19 16 112 108 614 606 
Wyoming 2 d, lee. eds Bs etos. Ä 5 4 
Total; ¿c cuy y ys 1,218 1,198 850 885 119 98 190 181 1,877 1,857 
Number of loading devices 
Duckbills, 
Mobile loading Continuous- Longwall scraper loaders 
machines mining machines machines and d-loaded 
conveyors 


1967 1968 1967 1968 1967 1968 1967 1968 


Alabama... 78 77 6 P Qua 67 28 
J: «˙²«˙.. ⁊« m; :ĩ - ` ·⁰ r ]ðx d ]ĩðê2 d ĩðĩ wesoss 10 

Colorado 61 58 35 P 15 18 
ee, iu swa 75 77 65 76 2 e ud A nr es 
Indiana __.... ³ꝛ 5O 2- 24 77 °°. . moyo Iced Iuli 
[I6W8; 2, eo 22 2 4 D sacos Iicn ‘elects aikins ` GSSs. 8 
Kentucky...............-.- 631 643 92 108 zz aus 1 8 
Maryland................- 4 5 8 F 1 1 
Montang .  .. . 9 /; ult Eae. eS. 6 6 
New Mexico 4 JJ ĩ ns ese 1* 

| Co Seen neat ic 8 56 56 66 TO- gece chou: 8 8 
Oklahoma os ũ . FFT . 
Pennsylvania 237 222 449 429 8 8 70 58 
Tennessee 51 56 8 lO^ unisce. omui 88 28 
A eee ee ¿u 2 42 82 29 27 1 2 2 2 
Virgini. acr ees 816 835 94 98 8 4 6 10 
Washington Q. // ᷣ y 8 8 
West Virginia........._._.- 921 933 561 612 6 8 74 52 
Wyoming 4 clc lue ie. See tele 6 5 


S 


ell 2,518 2, 542 1,412 1,487 15 22 299 2 


pb 
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Table 26.—Production at bituminous coal and lignite underground mines 
in the United States, by States and methods of loading 


(Thousand short tons) 


Hand loaded Mechanically loaded Total underground 
State production 
1967 1968 1967 1968 1967 1968 
Alabama 270 286 9,092 8,966 9,362 9,252 
Arizona JJ ete / ᷣͤ V 133030 
Arkansas. 45 59 45 59 
Colorado................ 22 16 8,552 3,747 8,574 8,763 
lllinois.____ ` 8 8 27,945 26 ,889 27,948 26,392 
Indiana. ...............- 283 oo 1,639 2,168 1,641 2, 
Iowa...... u ------- 286 289 298 
Kentucky. .............- 8,401 6,041 50,117 54, 658 58, 518 60, 694 
Marylsnd............... 
Missouri...............- A ores, belii Lus Hoe 111 ETEA 
Montana 4 8 38 33 42 36 
New Mexico. ............ 5 661 763 668 
Ohio... AA u us 211 144 14,961 16,195 15,172 16,889 
Oklahoma............... _........  .-.-.-2-2-- 
Pennsylvania 468 337 56,022 54, 285 56,490 54, 622 
Tennesse 745 647 8, 977 ; 4,624 
| Q pos le DM CMM AME 4,175 4,316 4,175 4,816 
——— oaee 6,142 4,872 24,358 27 ,028 30 , 500 31,400 
Washington... 0.26206 „» 
West Virginia. 2,8277 2,800 138,366 126,066 136,193 128,866 
Wyoming... been eee. 8 
Total 1111 19,219 14,755 829,914 829,387 949,133 344,142 
1 Data may not add to totals shown because of independent rounding. 
Table 27.—Mechanical cleaning at bituminous coal and lignite mines 
in the United States, by States 
1967 1968 
Mechanical cleaning Mechanical cleaning 
State Total ——— P — Total 
produe- Number produc- Number 
tion of Raw Cleaned Refuse tion of Raw Cleaned Refuse 
cleaning coal coal cleaning coal coal 
plants plants 
Alabama 15, 486 26 18,710 11,297 7,413 16, 440 22 19,070 11,655 7,415 
1 925 4 5 344 220 750 3 52 29 23 
Arkansas (1) (1) a (1) 1 1 63 5 
Colorado 5,439 4 2,946 2, 596 350 5, 558 3 1,962 1,706 
S 65, 133 45 64,812 52, 522 12,290 62,441 48 65,5 53,881 11, 648 
55 ; 11 18,768 15,110 3,654 18,486 12 19,397 15,324 4,074 
3 4 1,618 1,129 488 1,268 1,762 1,262 500 
Kentucky....... 100,294 57 61,203 50,284 10,919 101,156 52 61,780 50,246 11,536 
ER : 5 2,865 2,189 676 ,205 5 2,877 ,860 1,017 
New Mexico , 1 823 660 163 3,429 1 5 74 
FF 46,014 20 21,734 17,249 4,485 48,323 20 21,445 16,942 4, 504 
Oklahoma 823 1 176 139 37 1,089 20 
Pennsylvania.. 79,412 91 68,517 52,191 16,327 76, 200 85 63,389 48,541 14, 848 
enness ee ; 2 0 505 196 8,148 4 1,335 1,086 298 
Uta 2175 5 8,102 2,696 406 4,816 6 8,129 2,752 
Virginia 86,721 87 28,488 18,525 4,959 36,966 33 25,185 19,663 6,621 
Washington Shas 59 2 67 5 11 178 8 60 
West Virginia.. . 158,749 154 157,811 121,788 36,028 145,921 149 149,748 114,900 34,848 
8 PV a ene Tek 8,588 32 3 129 3 122 27 3,829 1 TT 74 8 
States 6,7 1ũ:inũ n ...... „ / ³Üoww· dd 8 


Total ¢.... 552,626 471 448,024 349,402 98, 624 545, 245 454 438,030 340,928 97, 107 


1 Included in Wyoming. 

3 Includes Arkansas. 

5 Includes Arizona (1967), Iowa, and Maryland, and bituminous and lignite from Montana, North Dakota, 
and South Dakota (1967). 

* Data may not add to totals shown because of independent rounding. 
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Table 28.—Mechanical cleaning of bituminous coal and lignite 


in the United States, by types of equipment 


(Thousand short tons) 
Type of equipment 1967 1968 
Wet methods 
dig EE 161 ,802 159 ,028 
Concentrating tables I 2 
6§ö;’ ] ꝝ ] ; ˙ ... ĩé k r ok ba cane ui M. EE 8,90 4,871 
Fin ð 4, 627 4,498 
Dense medium processes: 
Ma oe Mor a Tn P SP te LM 66 ,014 70,6838 
Te EE 82,518 . 27,027 
Calcium chlorideedw LLL LLL ace css sess cea z 2,514 1,839 
Total Eu oec u ceu E e ³ ⅛ðiĩà m uec tM 101,043 99,497 
Flotatlóns. ee re es ee eta ee v.. ĩ . E EE „732 8,961 
Total, wet methods 328,135 824,123 
Pneumatic methods „ 21, 268 16, 804 
Grand total . eee eee eee 349, 402 340,923 


! Data may not add to totals shown because of independent rounding. 
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Table 29.—Mechanical cleaning at bituminous coal and lignite mines in the United States, 
by States and by underground, strip, and auger mining 


(Thousand short tons) 
Underground mines Strip mines Auger mines Total, all mines ! 
State Total Total Total Total 
produc- Cleaned produc- Cleaned produc- Cleaned produc- Cleaned 
tion tion tion tion 
1967 
Alabama. 9,862 8, 888 6 oar 2,380 81 80 15,486 11,297 
Arkansas 45 3) 144 (O usce eee 189 1 
Colorado 8,574 2,596 1,862 ....... „ 5,489 2,596 
Oll... ec etait se oc 27 , 94 20,287 37,185  À 32,285 ....... ......- 65,18 52,522 
Indiana................. 1,641 ,948 17,131 18,762 ....... 4 18,772 15,110 
cte E E mpm iE 1,186 1 77 Mete 1,18 1,129 
Kentucky ..............- 58,518 29,157 35,785 21,127 5,990 ....... 100,294 , 
3 m 8, 189 8 8,696 2,189 
New Mexico............. 660 2.19B. geen, ð v ĩ ͤ 8,463 
rr / (( 15,172 11,483 29,209 5, 604 1,683 162 46,014 17,249 
Oklahoma 8 187 2 82 
Pennsylvania 56,490 44,625 21,984 7,371 938 194 79,412 62,191 
enne sse š 505 2,677 ......- 202- i25 6,832 505 
ET 4,176 2,69 Mc Lu ice ur 8 4,176 2,696 
Virginia ee 30,500 17,821 4,196 487 2,025 218 36,721 e 
Washington. 58 .56 | B ...——.. ....... ......- 
West Virginia 136,193 116,424 12,117 8,716 5,440 1,588 158,749 121,788 
Wyoming...............- 117 8 3,4711 349 .......  ....... 1 
Other States . 1 „958— 3 6,721 ....... 
Total 1 349,133 256,569 187,134 90,640 16,360 2,194 552,626 349, 402 
1968 
Alabama 9,252 8,790 7,125 2,846 68 19 16,440 11,655 
RT, alu olli .. 8 b,  ~° AA axes 7 
Arkansas. 899 152 S HEURE ME Em 211 
Colorado 3,763 1,706 BEE , 558 1,706 
% ge 26,892 20,825 36,039 33, 057 I0. 212: 62,441 , 
Indiana 5168 1, 822 16,318 1350 8 18,486 15, 324 
BE ` Lee, Tue 1,268 1:262- 228.255. Maxon ; ; 
Kentucky..............- 60,694 30,904 34, 233 19, 342 6:229 adasia 101,156 650,246 
Missouri. 8,205 8800 8 Š 
New Mexico 2.002 ee: X cuu tees ,429 741 
TEE 16,339 12,285 30, 516 4, 654 1,468 58 48,828 16,942 
Oklahoma. .............- 1,052 166 6 l, 
ennsylvania...........- 54,622 41,947 20,912 6,470 667 124 76,200 48,541 
Tennessee 4, 624 1,036 292 232 ln 8, 148 ; 
MEMENTO 4,316 J ` Bee Gite alils 4,816 2,752 
Virginie s 81,400 19,052 4,046 510 1,520 102 36,966 19,668 
Washington 50 50 128. beet ᷑ ũ A ̃ w [ete ee | 178 50 
West Virginia 128,866 108,869 12,081 8,774 4,974 2,257 145,921 114,900 
Wyoming 117 74 S. Id. lu lun. 8 8,829 74 
Other States 683 ....... 6,0648 ....... 99 152542 15829 ~ s cuc 
Total I. 344, 142 250,834 185,836 87,530 15,267 2,561 545,245 340,928 


1 Data may not add to totals shown because of independent rounding. 

3 Included in Wyoming. 

3 Includes Arkansas. 

4 Includes Arizona (1967), Iowa, Maryland, and bituminous and lignite from Montana, North Dakota, and 
South Dakota (1967). 
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Table 30.—Mechanical crushing of bituminous coal and lignite at mines 
in the United States, by States 


Number of plants Coal crushed 
State crushing coal (thousand short tons) 
1967 1968 1967 1968 
SINT TEE 24 16 6,930 7,367 
hac a EL 8 8 60 750 
Arkonii o be oe ete Se ee 5 6 143 189 
Cólorádo....... ec aaae eee ces 85 29 8,302 8,306 
ili ³ĩðV½dſͤͤ ou Le eue s Sua 67 63 84,840 87,998 
Indiana. eene - AAA 80 81 14,574 14,130 
dE 15 18 616 701 
rcc eroe AEE LET 8 1 882 978 
Kentütky oo la sol ee ee eee 154 126 50,835 54,871 
Maryland. ⁵˙²˙² add xe ecd d 10 6 594 591 
Ch o EE 9 9 8,617 8,161 
Montana: 
Bituminous. .......................-...-...-- 6 8 16 170 
/;ö‚ö»;O—C⅛ę :ͤðũu.‚.. us i ee On us 2 2 326 828 
ue Io ERR SPN ie SP Ree t ]ͤ K ĩͤ UICE LUE 8 10 842 499 
New Meieeee sds, 4 4 8,443 8,421 
North Dakota (Gigi) deet Ee 17 16 3,989 4,941 
RASA S oe Nl 114 107 24,228 25,278 
Oklahomi- ee ere 5 696 93 
Pennsylvania. ......-.........------.---.-------- 189 165 88,410 37,171 
South Dakota (lignite)............. d 1 eee B  .......... 
Tennesse 33 37 2,314 3,442 
/ö%·½½ Z d ⁊¼vd: . Sup a wa esa É 19 21 2,310 2,609 
I;; Qos ee ee te eee es 67 55 14,632 13,452 
Washington V ĩðͤ VT RR 3 3 8 
West eiiiinmnn ..........-..- 261 226 53, 608 53,064 
Worm. ers omae OG 9 9 3,449 1,768 
Total EE 1,083 961 264,372 270,040 


1 Data may not add to totals shown because of independent rounding. 


Table 31.—Treatment of bituminous coal and lignite at mines 
for allaying dust in the United States 


Thousand short tons ! Number of plants 


Treatment 
1967 1968 1967 1968 
55 eit. eee 2, 987 875 32 24 
%% ð y x aes Des eae he 45,177 44,120 428 382 
Calcium chloride and oil“. 1,961 1,893 18 14 
All other materials 10, 27 5 12,388 31 28 
Total o Liz EEN 60,400 59, 276 509 443 


! Data may not add to totals shown because of independent rounding. 


2 Because some mines used more than 1 method of treatment, this total may not necessarily be the sum of 


the individual items. 
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Table 32.—Treatment of bituminous coal and lignite at mines for allaying dust 
in the United States, by States 


Number of mines 


State treating coal (thousand short tons) 
1967 1968 1967 1968 
AlabaHü-l.ozoeczseesmememu 1 1 1 2 
eee, ß . aa aeae 27 24 208 187 
I))!ößv ͤůͤ E E aa 47 43 4,345 8,502 
tr, TS TEE 17 16 589 625 
IOWR:. ie Sh ee Se ee ee S as 2 8 4 
Kansas o . . ccc ue 2 16 17 
Nek Soe ce eect 63 53 9,394 18 ,991 
QUE an ees se 2 2 13 11 
Montana 
Bitumn das 2 7 7 21 19 
Ir ³˙¹ĩ,. mm. y seu case 1 1 1 1 
Ü wd cci eee LEE dE 8 8 22 19 
New Mexieg. aMMa 8 8 2,781 2,657 
North Dakota (lign ite) 17 16 475 452 
lieu ß eee s cue ES 26 25 4,957 8,275 
Oklahoma...........-... 8 2 18 11 
Pennsylvania. ⅛ ð ð r occ clc ce eter owes 63 48 12,425 10,7538 
South Dakota (enitei. ----------2-----2--0 3 2 Liang ee a. 
Tennesse 2 1 20 22 
J)õõͤĩõ uen yy 17 17 807 827 
VIPDIDIROS: uu yuz; su ð v ⁊ĩ v 25 28 5,958 5,088 
West irn -22-2 122 100 18,222 17,681 
e . EE 9 9 148 15 
Total uuu pp ß eee ee eek 458 396 60, 400 59, 276 


1 Data may not add to totals shown because of independent rounding. 


Coal treated 


Table 33.— Thermal drying of bituminous coal and lignite in the United States, 


by type of drying equipment 


Number of thermal 8 dried 

Type of drier drying units (thousand short tons) 

1967 1968 1967 1968 
Fluidized-bed..................-.............-.-- 67 77 38, 102 38,158 
e e eaPObSL EFE RETE 49 42 15,090 13,831 
e ß eel ee i E E EE 5 6 1,668 1,995 
SOPOOSR L S ZZ us ys 88 85 83 5,994 5,897 
Suspension or flag 42 40 9,853 9,202 
Vertical tray and eascgde end- 35 23 4,036 4,225 
P EEN 238 221 74,741 73,308 


! Data may not add to totals shown because of independent rounding. 
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Table 34.—Comparison of thermal drying of bituminous coal and lignite 
with mechanical cleaning at mines in the United States, by States 


(Thousand short tons) 
Number of cleaning plants 
Production mechan- Thermally dried 
Total With thermal ically cleaned 
State drying 
1967 1968 1967 1968 1967 1968 1967 1968 
Colorado N 1 1,706 ........ 702 
inois..........-._-._-.- 45 48 25 25 52,522 53,881 12,557 11,848 
Indiana. ...............- 11 12 7 6 15,110 15,324 2,5 2,294 
Kentuck ) 57 52 11 9 50, 284 50, 246 3,335 3,350 
eg Dakota (lignite).... ...... ...... 8 M. dusseaui. RICE. 78 135 
Que dr aA me he 20 20 7 17,249 16,942 8,920 8 204 
Pennsylvania 3 91 85 13 11 52,191 48,541 6,547 5,717 
!! Gas aein 5 6 2 2,696 2,752 1,092 920 
Virginia. 37 88 7 7 18,525 19,663 9,084 9,633 
West Virginia 154 149 55 55 121,788 114,900 85,484 85,500 
Other States.. 51 46.. gunins CSS 19,087 16988883 22-22.. 
Total I. 471 454 132 125 349,402 340, 923 74,741 78,808 


1 Data may not add to totals shown because of independent rounding. 


Table 35.—Thermal drying of bituminous coal and lignite 
at mines in the United States, by States 


(Thousand short tons) 


Number of thermal Grand total production Thermally dried 
State drying units 

1967 1968 1967 1968 1967 1968 
COlOPARG ¿uu o... Sus RE ð«i)½ / c scsaodaie 5,6558 .......... 702 
llinois.................- 47 46 65,133 62,441 12,557 11,848 

Indiana................. 10 ,112 18,48 à ; 
Kentucky. .............- 20 18 100,294 101,156 8,335 3,350 
North Dakota (lignite) 3 , 156 4,4 178 35 
tte 16 14 46,014 48 ,823 3,920 8,204 
Pennsylvania 18 16 79,412 76,200 6,547 5,717 
77. S ens 2 2 4,175 4,816 1,092 920 
Virginia oe ce oes 19 19 86,721 96,966 9,084 9,633 
West Virginia 98 95 153,749 145,921 85,484 85,500 
Other States-.. ðꝙð1́̃ũü.. ⁰ör 44,201 // ée 
Tot 288 221 552 ,626 545,245 74,741 78,808 


1 Data may not add to totals shown because of independent rounding. 


Table 36.—Bituminous coal and lignite loaded for shipment by railroads and waterways 
in the United States, as reported by mine operators 


(Thousand short tons) 


| 1967 1968 
Route State By Total By Total 
State for State for 
route route 
RAILROAD 
DO TU. RC Alaska.............- 913 913 745 745 
Atchison, Topeka & Santa Fe............ Illinois.............. 974 1.097 190 1.341 
New Mexico 974 d 1,151 ó 
Illinois 538 44 
Maryland........... ) „1 
Baltimore & Ohio Gi 8 7,888} 88,644 8,156; 34,888 
Pennsylvania 2,70 2,138 


West Virginia 27,515 | 24,097 
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Table 36.—Bituminous coal and lignite loaded for shipment by railroads and waterways 
in the United States, as reported by mine operators—Continued 


(Thousand short tons) 
Route State 

Bessemer & Lake krie 0------- Pennsylvania 
Cambria & Indiana nes accuse S 
Carbon Countĩvv' v TCT eee ok 
Kentucky EEN 
Chesapeake & Ohio..................... LÉI EE 
West Virginia 
Cheswick 4 Harmar...................- Pennsylvania 
| Illinois 
Chicago, Burlington & Quincy. .......... Iowa 
Missouri 
Wyoming „ 
Chicago & Eastern Dlinois Endian ade Nee 
Indiana..... . 
Chicago & Illinois Midland Illinois 
Chicago, Milwaukee, St. Paul & Pacific... Indiana 
North Dakota (lig.) 
Chicago & North Western Illinois 
Chicago, Rock Island A Pacific — ` = %% 
o L.L. ces 
Clinchfield___. nue kLExeRA Deed UE Kentucky 
Ireinia 
Colorado & Wyoming Colorado 
Denver & Rio Grande Western... I 0 EEN 
Utah: cnm sl 
Erie- Lackawanna.....................- Ohe 22-8 
Great Northern North Dakota (lig.)--- 
Gulf, Mobile & Ohio Illinois 
Illinois CentrallMk᷑»sç³ U u d Oe 
Kentucky. .........-. 
Illinois Terminal......................- Illinois 
Interstate.. oo ee . .. . . .. ...-.-.-.- Virginia 
Kansas City Southern Missouri 
Oklahoma 
Kentucky & Tennesse Kentucky. c 
Lake Erie, Franklin & Clarion Pennsylvania 
Alabama 
Louisville & Nashville -- Kentucky) 
Tennesse 
Virginia 
Y LOG. s DS lassecezeniu cele s Alabama 
Midland als 8 Oklahoma 
Kansas . . . =- 
Missouri-Kansas- Texas Missouri 
Oklahoma 
Arkansas 
Missouri Pacifi e Illinois. 
issourIii .. .-- 
Oklahoma 
Monongahela . aa Pennsylvania 
West Virginia 
Mon tod . . . . . Pennsylvania 
Iowa 
Kentucky. ec 
Norfolk & Western Missouri 
Gio elke 
Virginia 
West Virginia 

Montana (bit. and 

Northern Pacific 


lig.). 
North Dakota (lig.)..- 
See footnotes at end of table. 


1968 
Total By Total 
for State for 
route route 
2,557 2,012 2,012 
4,782 5,985 5,985 
8397 788 788 
15,862 
57,872 6 | 55,898 
40,025 
329 322 322 
9.874 
11,734 { 332 11, 706 
7744 
9,292 | 7:092 | ses 
3,613 4.726 4,726 
1.671 (2137) 2,841 
2,206 1,858 1,858 
744 
1,425 i95 | 1,989 
6,080 | , 777 | 5,619 
744 764 764 
4,830 [ 1.72) 4,989 
166 221 221 
248 155 1555 
7,619 7.214 7,214 
27,884 11.560 24,678 
289 197 197 
5,810 6,250 6, 250 
22 
126 { 168 188 
530 ^ 527 527 
287 361 361 
2,128 
36,989 | 34,419 | 36,516 
| 812 
846 920 920 
. 
978 
1,286 | 469 | 1,488 
51 
206 
6,095 | 1:499 4.927 
197 
10,872 77,856 ) 9,896 
2,865 2,862 2,862 
86 
10,910 
81,442 | 7 881 | 80,794 
22,506 
89,574 
2,195 2,704 
2,220 
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Table 36.—Bituminous coal and lignite loaded for shipment by railroads and waterways 
in the United States, as reported by mine operators—Continued 


(Thousand short tons) 


1967 1968 
Route State By Total By Total 
State for State for 
route route 
Pacific sst, 8 Washington 18 18 10 10 
Penn Central 1 (includes coal shipped over Illinois 3,906 8,422 
Kanawha & Michigan, Kelley's Creek. [Indiana 5 RR 6,862 9,089 
Toledo & xa Central, and Zanesville Ee 3 der 28,216 a 51,791 
& Western). ennsylvan ia : : 
est Virginia 5,001 5,280 
Indiana 3,037 
Pennsylvania Ohl0.. (( 7,085 29,819 (2 (2) 
Pennsylvania 19,747 
Pittsburgh A Lake Erie Pennsylvania 1,097 1,097. 0:20. seis 
Pittsburgh A Shawmut.................. 2-200255 eren OE 2,127 2,127 1,958 1,958 
(Alabama...........- 110 320 
St. Louis-San Francisco Arkansas 11 808 2 1.251 
Kansas 281 267 
Oklahoma 456 662 
Sr ³oÜ¹w A ce sees North Dakota (lig.) 420 420 898 898 
Alabama...........- ,008 8,419 
Indiana 20 12 
Southern Kentucky... aen 366 5,858 788 8,783 
Tennessee 1,622 2,902 
Virginia 837 1,667 
Tennessee Tennesse 804 804 685 685 
Tennessee Central.....................- DE, GE 146 146 60 60 
Tennessee Coal, Iron & Railroad Co Alabama 2,027 2,027 1,977 1,977 
1 be dug & Western inos- 3 128 712 "t 634 
nion Pacific ll olorgdo. 
(ei wh 5 796 ) 1,174 Í 797 1,242 
Unity: c st tessa see Pennsylvania........ 416 416 788 788 
PON soto cde tod ͤß k rc ee s 861 861 1,118 1,118 
Western Allegheny....................- Pennsylvania 132 192: cca Eet 
Maryland 746 | 808 
Western Maryland. .................... Pennsylvania 498 7,646 868 7,874 
West irginia 6,402 6,198 
Woodward Iron Companßʒd Alabama...........- 1,032 1,082 95 952 
Total railroad shipments 3......... 404,525 404,525 396,448 396,443 
WATERWAY 
Allegheny River.......................- Pennsylvania 1, 355 1,355 1,115 1,115 
Black Warrior River Alabama 2, 850 2, 850 3,022 3,022 
Cumberland River Kentucky..........- 171 171 140 140 
Green Rivfeerrrr 3 13,128 13,128 15,186 15, 136 
Illinois River... 2-2-2-2- -e0 Illinois 2,690 2, 690 2, 599 2, 599 
Kanawha River West Virginia 5, 460 5,460 5,249 5,249 
Mississippi River Illinois 186 186 41 41 
Monongahela River - 5 Lic ins 16875 26.340 ( 18; 925 24.598 
es irginia Fen A 9 : , 
Illinois 398 1,085 
Indiana 1. 831 1,177 
Ohio . ⁵ðt ß . . eee ee Kentucky... 4,976 } 18,618 4,011 13, 786 
Ohio: eom es 3, 908 4,223 
T Ri ANIMI oon 618 9563 
ennessee River -- . . . . .. .... .-- OMG T. u ces 
Tennesse 611 1,229 636 1,199 
Total waterway shipments ?....... 66,972 66,972 66,885 66,885 
Total loaded at mines for shipment 471,497 471,497 468,828 468,828 
by railroads and waterways. . 
Shipped by truck from mine to final desti- 62,008 62,003 61,753 61,758 
nation. 
Used at mine Cee 19,127 19,127 20,165 20, 165 
Total production 552,626 552,626 545,245 646,246 


11967 data are for New York Central Railroad, which merged in 1968 with the Pennsylvania Railroad to 


form the Penn Central System. 
2 Merged in 1968 with 


s Data may not add to totals shown because of independent rounding. 


4 Includes coal used 


ew York Central Railroad to form the Penn Central System 


at mine for power and heat, made into beehive coke at mine, used by mine employees, 


used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 
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Table 37.—Bituminous coal and lignite shipped by unit train in the United States 


(Thousand short tons) 
State 1967 1968 State 1967 1968 
Colorado... . . . . steiere .  ... ... =-->- 781 Mio Gel dc 

Iii. 14,308 18,863 // r-... om¼qꝛ— eee ce 6,770 10, 477 

— V Pennsylvania 16,746 18,0 
Kentucky: Virgin omn RS 4,843 5,872 
Eastern 6,061 8,537 West Virginia. 45,779 42,289 
Western 8,263 4,864 Other States 2227. 4,560 5,485 
llc . .. 9,824 13,401 Total l... 88 102,330 109,125 


1 Data may not add to totals shown because of independent rounding. 


2 Other States includes Alabama, Indiana, Kansas, Maryland, New Mexico, North Dakota (lignite), Tennes- 


see (1968), Utah (1968), and Wyoming (1967). 


Table 38.—Consumption of bituminous coal and lignite, by consumer class, 


with retail deliveries in the United States 


(Thousand short tons) 
Manufacturing and mining industries 
— m Retail 
Bunker, Other deliver- 
Electric lake manu- iesto Total of 
Year and month power vessel Beehive Oven Steeland Cement factur- other classes 
utilities! and coke coke rolling mills ing and con- shown 
foreign? plants plants mills “ mining sumers A 
indus- 
tries . 
1964__._.. .. .. A 228 ,082 711 2,025 86,782 “7,394 8,679 82,928 19,615 481,116 
1965-__.... 88 242 ,729 655 2,698 92,086 7,466 8,878 85,614 19,048 459, 164 
19868... Ez 264,202 609 2,869 93,528 7,117 9,149 89,382 19,965 486,266 
— eee — n 
1967: 
Januar 24,728 1 199 7,760 716 692 8,385 2,610 45,086 
February 22,758 152 7,109 661 647 7,648 2,550 41, 520 
ar enn 22,910 4 108 7,890 633 732 7,773 1,680 41, 725 
April. 20, 955 47 99 7,520 518 701 6,809 729 87,878 
EE 21,543 69 96 7,754 513 789 6,707 63 38,164 
d'une. ---- 22,318 69 90 7,251 424 688 6,831 433 : 
July. Z SSL. ¿Sa 21,999 53 78 7,808 396 681 5,755 473 36,788 
August. 22 ,922 61 98 7,445 413 708 6,313 895 38,850 
September 21,133 56 98 17,858 418 767 6,010 1,311 37, 146 
October 22, 528 55 120 7,723 494 795 6,821 1,592 40, 128 
November 23,364 43 122 7,781 552 943 7,339 1,985 42,079 
December 24, 631 9 122 8, 056 592 784 7,706 2,148 44, 048 
Total oocnssdsan 271, 784 467 1,872 90,900 6,330 8,922 88,542 17,099 480,416 
1968 
January........... 26,646 1 120 7,975 645 754 8,428 2,780 47,844 
February 25,115 ...... 118 7,634 611 803 7,867 2,880 44, 523 
March. ..........- 24, 346 3 131 8,082 571 702 7,623 1,730 43, 188 
April... 22-2222 21,929 48 184 7,870 492 754 6,73 779 38,784 
V. QC asc das 22,574 57 135 8,122 476 856 6,584 471 39,275 
ane Tae 23,209 49 118 7,840 407 747 6,011 475 38, 856 
July.............. 25,126 46 103 7,835 881 741 5,819 465 40,516 
A | BETIS 26,530 61 97 7,198 836 748 5,807 681 41,458 
September 22, 850 54 85 6,561 325 771 65, 882 948 37,471 
October 23, 764 48 76 6,524 390 777 6,700 1,857 39,686 
November 24,781 41 78 6,632 449 828 7,209 1,889 41,857 
December 27, 869 14 78 7,224 574 910 7,978 1,880 46,472 
Total 294, 789 417 1,268 89,497 5,657 9,391 82,637 15,224 498, 830 


1 Federal Power Commission. 


2 Bureau of the Census, U.S. Department of Commerce, Ore and Coal Exchange. 

3 Estimates based upon reports collected from a selected list of representative steel and rolling mills. 

4 Estimates based upon reports collected from a selected list of representative manufacturing plants. 

5 Estimates based upon reports collected from a selected list of representative retailers. Includes some coal 


shipped by truck from mine to final destination. 


6 The total of classes shown approximates total consumption. The calculation of consumption from pro- 
duction, imports, exports, and changes in stocks is not as accurate as the “Total of classes shown” because 
certain significant items of stocks are not included in yearend stocks. T'hese items are stocks on Lake and 
Tidewater docks, stocks at other intermediate storage piles between mine and consumer, and coal in transit. 


360 MINERALS YEARBOOK, 1968 


Table 39.—Stocks of bituminous coal and lignite in the hands of commercial consumers 
and in the retail dealers’ yards in the United States 


Days’ supply at current rate of consumption 
on date of stocktaking 


Manufacturing and mining 
Total industries 
stocks —vI TP 
Date (thousand Electric Other 
short power manu- Retail Total 
tons) util- Oven Steel and Cement factur- ers 
ities coke rolling mills ing and 
plants milis 
indus- 
tries 
1967: 
SCH. DS WEE 72,951 64 87 17 54 89 8 50 
Feb. 288 8 70, 196 61 37 14 45 36 2 47 
Mar. 111. 71,231 69 87 17 89 88 8 58 
Ap 8 ĩͤ K 2 74, 696 77 39 19 36 48 6 60 
OV 8l. cu 8 80,209 84 42 20 87 46 9 65 
. AAA ......... 85, 234 83 46 26 49 51 16 68 
July 81... cone 80,621 85 87 25 58 54 15 68 
Aug. 31..................- 86,726 88 39 28 58 50 8 69 
Sept. 30 90,707 97 40 25 51 52 5 78 
A EN GENEE 94,467 98 48 22 57 49 4 78 
Nov. S0 — 95, 001 92 42 18 49 44 8 68 
TOF oiia al. ee 93 ,128 88 42 18 58 42 8 66 
Jan. Gl; ˙ AAA 86,825 75 41 17 54 86 2 57 
%%% saon 82,856 70 87 20 61 86 1 54 
M rr aee 82,724 77 40 22 40 1 59 
Apr. EC 778 88 45 24 42 46 4 68 
( se Se l u 2. 92,171 94 46 28 41 49 8 78 
une oo ; 89 45 27 49 55 11 72 
duly Bl... u S cece ,404 82 41 88 54 57 12 68 
rr 91,492 79 45 49 58 60 10 68 
Sept. 800 .. 96,220 93 51 55 58 62 7 77 
Oct. AA 91,966 90 45 40 62 52 5 12 
(/ AAA eet e 90,518 88 30 57 42 4 65 
ec Bl... A 85,525 71 45 20 47 88 8 58 
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Table 40.—Distribution of bituminous coal and lignite, in 1968, 
by method of movement and consumer use 


(Thousand short tons) 
Coke Used at 
Shipments Electric and Retail All Railroad mines and 
utilities gas dealers others fuel sales to 
piants employees 


Total shipments to all destinations in the United 
States, Canada, and Mexico, by all methods of 
movements and consumer use, and overseas 
r 297,350 96,525 17,676 96,978 1,006 1,496 


Shipments to all destinations in the United States, 
Canada, and Mexico by specific method of 
movement and consumer use: 

Method of movement: 


ANE WEE 158,229 50,084 9,968 69,809 ...... ......... 
River and ex-river...................- 67,117 26,924 1,008 6,5710 
Great Lakes lll. 20,785 13,084 3,616 11,361 ...... ......... 
a . i eeca 13,000 5, 286 6 S W 
Eeer 25,788 1,189 3,088 18,782 ...... ........- 
Tramway, conveyor, and private rail- 
TORQ EE 17,486 JJ“! ↄ ²ð⅛¹ u T8 
Method of movement and/or consumer uses 
J ͤö1oßtib %˙r h ß mm d ĩ . 1,006 1,496 
zee suua aaa aea 297,850 96,525 17,676 96,978 1,006 1,496 
Canadian U.S. U.S. Net 
Great Great tide- Over- change 
Lakes Lakes water seas in Total 
commer- dock dock ex- mine 
cial stor- stor- ports‘ inven- 
docks ? age š age 3 tory 


Total shipments to all destinations in the United 
States, Canada, and Mexico, by all methods of 
movements and consumer use, and overseas 
ͤ]..ff.kf. eur 451 —239 —b 338,998 88 545,819 


Shipments to all destinations in the United States 
anada, and Mexico by specific method of 
movement and consumer use: 
Method of movement: 


HERE ee dou. ͥ ͥ 50wẽſ ebedda.. botse 278, 085 
River and ꝙ ² P iere TTT wwe 101,614 
Great Lakes •ſſſͤ ³⁰ E m ]ðx d ð ͤ . te wide 48,846 
III ⁵ wex Ue. ENAU dese. ebcale. Guss mais 18,748 
TUCK ee d . cvccas 48 , 792 


FORQ. ec oe eo , Ed uuu ß ß dede 17,494 
Method of movement and/or consumer uses 

ene . uuu 451 —239 —b 88,998 88 86 , 790 

DOV ev ³⅛ AA 8 451 —239 —5 88,998 88 545,319 


1 Excludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer 
uses are not available; however, includes vessel fuel, the destinations of which are not available. 
3 Excludes overseas exports and U.S. tidewater dock storage for which consumer uses are not available; 
however, includes bunker fuel, the destinations of which are not available. 
Consumer use unknown. 
4 Excludes Canada; consumer use unknown. 
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Table 41.—Distribution of bituminous coal and lignite, in 1968, 
by district of origin and consumer use 


(Thousand short tons) 
Used at 
District of origin ! Electric Coke and Retail All Railroad mines and 
utilities gas plants dealers others fuel sales to 
employees 
JAT oes 28,444 8,767 515 7,976 155 260 
JJC 8,687 22, 950 525 6,910 24 
8 and 66 86,168 6,505 452 7,714 40 21 
MO OE ͤ 85,264 .......... 1,478 12,447 137 $1 
y a Rn OS DEM EUER 1,920 16,604 1,450 2, 138 616 
| EES le NP cee ee DONEC 59 , 562 82,827 8,215 30,668 218 418 
EE ] 6A EEA 40, 226 230 1,318 4,718 1 
7 45, 559 2,309 1,752 13,951 127 46 
11... 2 eem 12,674) 22: 372 5,594 66 8 
12 Sos saus. `. EEN 277/· cece as ss 
1g. e Z 9,932 5,728 153 1:902 ʻa- 2 
/ AAA ĩͤ 8 4% ³5»1 f ͤůꝶ—ͤ—T! 8 
D A 4, 525 160 72 SÜ·ĩ⁊ü ] a ` ees 
§ͤ;— 8 589 MEE mE 40 | 8522222 2 
77 SS SSS cese 2,081 8,227 888 889 .........- 2 
JJ ³⅛ĩVA EER 2 4 VV. ee eo 
(p e A 8,024 81 107 696 28 1 
2 A 1,008 1,779 590 537 4 38 
Jö - 8,627 é 249 523 38 22 
22 and 23333 6488 51 699 5 4 
Total 297, 350 96, 525 17, 676 96,978 1,006 1,496 
Canadian U.S. ` U.S. Net 
Great Lakes Great Lakes tidewater Overseas change Total 
commercial dock dock exports í in mine 
docks š storage ? storage š inventory 
! 8 23 — ` ege 1,407 —3 42, 542 
ee 51 !! Saco os —46 89 ,086 
3 and 8s 127 7 3 847 —188 51,810 
333 REPRINT 74 7 ¹·¹w¹. 14 49,275 
CCC 8 4 —7 15, 180 73 38, 260 
Be oe eee eee SE 173 —86 —1 16,540 —96 148, 438 
O l o umma CEE ĩͤ qe s II/ sébtendaan 123 46, 
1 AA 8 xz. We REDE NEN 58 63,731 
1(öÜ ] ennan, dd ²ĩ dd ĩͤ duro use —41 18,673 
l ³ LM EL onu lE ENEE 790 
J ³⅛·¹¹1AAAu ͥ ͥ T ̃%⅛˙Ä?!ñꝝ§ llc ele Gone 148 17,260 
/! EE 18 22 
153. 2:0. cue ees “SZ Da cce mde. uad E aud LEE —6 5,087 
Ig o: 2452 02222220. Am ⁵⁰⁰y y ost Xr ALIE —4 679 
y ORDERS CER Rer V ĩ ENS —8 6,024 
/ ˙¹ i T... 8 31 2,823 
1 ³ꝛ¹Aq⁴³]5Ü - ĩo—-. e. uec d Lr y k 8 —8 8,879 
S%))%)ö;öõ ³ðWAA ⅛ð2Adu ²³² ͤ eee onc EE 8 —8 8,956 
A EE —6 4,4 
22 8nd 28... 4. ` ]ð . ĩ ᷣͤ d ⁰⁰yd desde 1,407 
Total 451 — 239 —5 33, 998 83 545,319 


1 Producing districts are defined in: Bureau of Mines. Bituminous Coal and Lignite Distribution Calendar 
Year 1968. Mineral Industry Survey, March 1969, 89 pp. 

? Excludes Texas. 

$ Consumer use unknown. 

4 Excludes Canada; consumer use unknown. 
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Table 42.—Distribution of bituminous coal and lignite, in 1968, 
by destination and consumer use 


(Thousand short tons) 


Electric Coke Retail All 
"p Destination Total utilities and gas dealers others! 
plants 

New England: 

Masaagchusettg. ------------------------- 2,872 2.421 ise 114 837 

Connecticut see 3,013 2,508 158 1 346 

Maine, New Hampshire, Vermont, Rhode 

e . eee eee 1.071 908 .......- 22 141 

Middle Atlantic 

New Y OFK wooo seu usus oss o pu. TLS 24,562 12,578 5,108 153 6,728 

New Jersey... . cc c ͤk k 8 6,837 5,477 475 7 878 

Pennsylvania 59, 890 28, 551 26,393 699 9,247 
East North Central: 

HIO0 S: MC 59,912 31,467 11,463 2,033 14,949 
Ia... ⁵ ð ⁵ĩð a e a 40, 245 21, 506 11, 538 998 6,203 
Ii ⁵ K ⁵ e LE 43,465 28,221 3,069 3,312 8,863 
Michigan Bee 36,787 20,832 4,914 1,474 9,567 
Wen eR EEOxxR ese sedes 15,075 8,323 339 1,995 4,418 

West North ‘Central: 
Minnesota 7,332 5,024 390 795 1,128 
TOW ooo ieee rac isa oe Wo ID Ld 5,477 9,426 .......- 263 1,788 
Missouri. e mies EE 9,400 7,094 225 149 1,932 
North Dakota and South Dakota. 9,781 9,128 ........ 812 841 
Nebraska and Kansas. ------------ 1,360 1:090... us 51 214 
South Atlantic: 
Delaware and Maryland 14,777 8,596 5,045 90 1,046 
District of Columbia 2 88 TU. laesus 88 ? 131 
Ate AN SE 14,526 9,062 720 4,740 
West Vireinig .--.------------------------ 24,564 13,710 4,924 425 5,505 
North Carolina 16,912 18,958 ........ 619 2,385 
South Carolina 4,695 8,261 ........ 275 1,159 
Georgia and Fiorida ...---.---------------- 12,052 11,274 ........ 205 573 
East South Central: 
Kentuckãꝶcaa // 18,811 14,094 1,831 560 2,826 

n. y Ma 16,833 13,213 184 584 2,852 

Alabama and Mississipp i 24,843 15, 294 7,548 105 1,896 
West South Central: 1 Louisiana, Oklahoma, 
JJ777/%/%%öö⁰ͤõͥͤĩõͤùùͤſſſſͤ A 8 978. cocdesss 848 13 115 
Mountain: 
Sers dss, Ee 4, 967 3,021 1,129 316 501 
EE EE 2,836 487 1,877 134 838 
Montana and Idaho o 1,042 475 ---.----- 851 216 
WYOMING I uu oo eee ace 2,702 2,488 ........ 80 234 
, . de 2,992 2 9121 eeben 4 16 
Arizona and Nevada...............-.......- 929 89899 „ 18 16 
Pacific: 
Washington and Oregon. 49ſ 8 143 306 
ier; K 2709 —— 2,072 11 14 
EIER %⅛—˙—-m. ĩð-Zd v y amet 804 48222 8 37 635 
E VTT bul ß d cer t € 16, 265 5, 661 6, 698 516 3,890 
JJõÜ u ⁰⁰⁰ ĩ v ! ¾ . ³˙ A Bees 74 
Destinations not reveglable 2,138 1,189 293 59 606 
Destinations and/or consumer uses not available: 
Great Lakes movement: 
Canadian commercial docks._...........- SI; Ard 
el“. coe Ro RREE KC WË n ES pua 
U.S. dock storage......................- x:ol MC LS 
Tidewater movement: 
Overseas exports (except Canada hh ·¹wwww· auda eum 
% ·.Aà³ ³·ꝗQQXQQſààn % y ]ðé . ]ĩx2u ñðßßß oy ð y dE 
.S. dock storage ) Au‚AFP ATT Lama aas seid 
Railroad fuel: 
U.S. oompan es /r erer, A 8 
Canadian companies. J)) AAA A ĩ 8 
Coal used at mines and sales to employees rr ³WAA AA 8 
Net change in mine in ventor/v ... . )) ³ĩ˙ —T—TT 8 
J ĩ² ꝛ AAA wea zu 015.010. hh VMA ed 


1 Excludes vessel fuel and bunker fuel, the destinations of which are not available. 
3 A considerable block of tonnage is included under “Destinations not revealable."' 
3 Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
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Lë v Lë v Lë 260? 120? 899 J 928 2 C r . — "` SIGI) 
I I I° 3. di 677, Gd 289 96; PLL. 3 ee 
CN CN 9° 9° 9° 979 6 669 6 9,9 6 9,1 € 68L 8777 FFF 9gtouwq 
2. I I I. 1. 626 | 00. 682, Gol 2429. . 3» -"wpwAeN pus wuozuy 
v 9° y g° LA 268.2 929.2 780 2 909.2 GLO ee ¼ . 8 DOS MON 
g- Lé Oh LA v GR: 565 8 1095 961.2 986'T CEET . M 
8. e e 3 e GAN 896. 966. 220,1 „ d oqwpI pus eusjuojq 
CR 9° 9° 9° 9° 988: Z 898 7 726.2 898 € 9014/2 2 ＋̈;m QV MN MEE. Ld! 
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Table 44.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use 


Se, eats gates 1957 Index 1957 =100 (except where noted) 
Geographic division, State of destination, (thou- 


and consumer use sand 
short 1964 1965 1966 1967 1968 


tons) 

CCC 498,895 98.3 103.8 107.8 111.9 110.4 
Electric utilities. 160, 754 142.7 155.1 169.0 184.2 185.0 
Coke and gas plants 112,901 84.7 89.0 89.1 88.4 85.5 
Retail dealers e 39, 230 58.4 58.2 52.7 47.9 45.1 
All others (includes vessel and bunker fuel). 108, 711 92.2 92.8 93.7 91.9 89.2 
Railroad fuel (U.S. and Canada). ........ 9,581 15.0 13.7 13.7 12.3 10.5 
Canadian Great Lakes commercial docks 

(consumer use not available) 2,785 30.0 88.6 15.4 18.2 16.2 
U.S. Great Lakes dock storage (consumer 

use not available) I... NA -—207.6 —182.9 —102.0 —120.4 —178. 6 
U.S. tidewater dock storage (consumer use 

not available)?........ 2... . . . . ....- NA 84.6 88.5 15.4: — l. —119.2 
Coal used at mines and sales to employees. 8,125 62.6 63.0 67.1 53.7 47.9 
Net change in mine inventory 1,142 —131.7 18.8 25.5 58.1 1.3 
Overseas exports (excludes Canada—con- 

sumer use not available 55,666 60.6 62.4 60.2 61.4 61.1 

New England..........................-..- 11,909 84.0 89.3 91.3 81.8 58.4 
Electric utilities. 6,012 186.4 149.8 157.3 185.8 97.1 
Coke and gas plant. 1,846 85.4 85.1 83.8 85.9 11.7 
Retail dealerg 2...22- 00nMMMMMŅM 1,279 19.2 16.7 14.5 12.8 10.7 
Aon Gre ere qu RtecqetE 3,273 33.2 29.1 28.8 28.3 25.2 

Massachusetts 5,354 77.7 87.4 82.5 75.1 53.6 
Electric utilities. 2,575 183.0 159.5 156.1 182.7 94.0 
Coke and gas plants 751 .0 š e : . 0 
Retail dealers 765 21.2 16.0 14.4 14.6 15.1 
Asche exin 1,278 45.1 85.7 22.5 38.8 26.5 

Connecticut. |... .. LL LL cL eee eee eee 4,106 116.1 118.6 182.4 116.8 78.4 
Electric utilities. 2,667 155.2 159.8 182.1 157.0 97.7 
Coke and gas plant... 594 80.1 79.5 76.4 81.3 26.6 
Retail dealers 139 18.7 9.4 8.6 8.6 ot 
All others... . 2.2.2 - ut ui e oe eee ee 805 34.8 35.3 86.4 33.8 43.0 

Maine, New Hampshire, Vermont, Rhode 

C1111 ⁰ͤümĩĩ %ðv ae we 2,450 44.1 44.4 42. 0 37.8 48.7 
Electric utilities 870 90.7 91.5 87.8 82.6 104.4 
Retail dealers 385 15.6 20.5 16.9 10.9 5.7 
Ashlee EOD Ee 1,196 19.3 17.9 16.7 13.8 11.8 

Middle Atantie 2-2- --- 92,596 97.4 103.4 101.4 104.1 98.6 
Electric utilities. .................-...-- 31,662 121.4 134.0 132.8 140.0 181.4 
Coke and gas plants. ...............-..- 98,448 83.5 90.1 87.1 88.0 83.2 
Retail desglerg -2-2-2-0 -----0- 2,498 45.8 53.0 43.8 88.5 84.4 
Ai l ease bate OUO 2 19,988 92.3 86.8 86.6 86. 84.8 

New Vork. 26,7 96.9 101.0 94.6 102.0 91.8 
Electric utilities. 12,335 104.4 112.2 101.2 116.2 101.9 
Coke and planta; u 0 cece 5,693 100.5 109.7 103.3 105.0 89.7 
Retail dealers EE 769 39.9 47.9 33.8 21.5 19.9 
Aste 8 7, 956 88.2 82.7 84.0 85.8 84.6 

New Jersey_...........-.------.----------- 7,814 96.3 115.2 111.2 100.7 87.5 
Electric utilities 4,284 133.7 168.2 166.9 149.5 127.8 
Coke and gas plants. ..................- 1,249 28.0 35.0 40.9 89.2 38.0 
Retail dealers 130 20. 0 31.5 12.8 11.5 5.4 
Alst he zc 2,151 66.1 61.3 47.1 44.5 40.8 

Pennsylvania... aaanaMaMsMMnMMMMM 58 ,029 97.7 102.9 103.2 105.5 103.2 
Electric utilities 15,043 131.9 142.1 148.9 156.9 156.6 
Coke and gas plants 81,506 82.6 88.7 86.0 86.9 i 
Retail dealerg 1,599 50.0 57.2 51.1 48.8 43.7 
All others... EEN 9,881 101.3 95.6 97.0 95.7 93.6 

East North Central . s 170,697 101.5 106.7 112.6 115.1 114.5 
Electric utilitie ns 66,436 128.1 138.2 151.7 162.8 166.1 
Coke and gas plant nun 88,757 80.9 83.1 86.6 83.8 80.8 
Retail dealers.........................- 21,321 58.7 59.8 54.9 50.3 46.0 
All others. 2... 2. LL eee 3 44,1883 100.3 102.5 104.5 102.0 99.6 

OHIO EE 55,612 91.9 94.9 103.6 105.6 10.77 
Electric utilities 20,193 117.7 122.8 140.3 149.0 155.8 
Coke and gas plants. ..................- 15,661 66.8 69.1 78.1 74.1 S 
Retail dealertr s 5,077 49.3 50. 6 45.9 43.2 40. 0 
All others 14, 681 97.8 99.1 100.4 101.1 101.8 

Indiänā ll oc oe l. ee a 34, 938 102.7 105. 6 110.0 115.8 115.2 
Electric utilities 12,853 132.4 139.7 144.7 160.5 167.8 
Coke and gas plants. ...............-... 13,736 86.3 86.8 89.2 89.7 84.0 
Retail dealers 2,796 48.7 44.6 41.6 38.3 85.7 
Af ĩðVt ³ ꝛ A accedi 5, 553 101.7 108.7 115.5 115.7 111.7 


See footnotes at end of table. 
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Table 44.—The changing levels of bituminous coal and lignite markets— 
indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use—Continued 


1957 Index 1957 =100 (except where noted) 
Geographic division, State of destination, (thou- 
and consumer use sand 
short 1964 1965 1966 1967 1968 
tons) 
isses duc uL Q 3 42,718 97.1 103. 8 108. 6 109.3 101.7 
Electric utilities 18,584 123.7 135.5 149.6 158.7 151.9 
Coke and gas plant??? 3, 925 84.3 91.9 92.4 87.9 78.2 
Retail dealers 8,623 55.8 52.9 49.4 47.2 88.4 
All others 3 11,586 89.4 95.0 92.2 83.6 76.5 
Miel ⁰ 26,255 117.8 127.3 132.4 133.2 140.1 
Electric utilities 9,839 149.3 172.4 187.7 199.3 211.7 
Coke and gas plants. .............-.-..- 4,877 108.9 109.5 102.8 94.1 100.8 
Retail dealers 3,368 52.6 60.3 54.4 44.1 48.8 
Al hee ee 8,171 112.2 111.1 115.8 113.5 117.1 
Wisconsin. ³Ü˖ow¾A xd au ws. ee dees 11,174 124.6 131.2 134.7 139.4 134.9 
Electric utilities 4,967 134.1 139.3 152.7 168.3 167.6 
Coke and gas plante 558 74.7 92.8 83.0 89.1 60.8 
Retail dealers 1,457 142.5 160.1 145.2 131.4 136.9 
All others 4,192 113.8 116.7 116.6 114.8 105.4 
West North Central . 3 20,824 114.9 119.9 124.7 128.6 131.8 
Electric utilities 8,278 166.9 178.3 198.8 214.9 238.8 
Coke and gas plants. ...........-.....-- 1,518 78.3 75.0 76.5 75.6 40.6 
Retail dealers 4,079 53.4 52.8 46.8 40.3 88.5 
Ah 8 š 6,949 96.9 99. 6 93.2 88.9 77.7 
Minnesota 5,332 132.7 138.9 144. 0 133.9 137. 5 
Electric utilities. 1,810 212.7 223.4 255.5 228.6 277.6 
Coke and gas plante 1,206 85.5 78.9 78.9 11.0 82.3 
Retail dealers. 563 105.1 128.9 128.8 123.9 143.8 
All others 1,763 91.7 96.3 79.0 78.9 63.7 
TOW MIU . . ices 3 4,878 99.4 112.9 111.5 113.8 112.3 
Electric utilities. 1,846 125.6 149.7 157.9 174.8 185.6 
Retail dealers. 1,254 43.7 45.1 35.2 28.3 21.0 
Allotherd.. s bocce o4 $1,778 111.5 122.6 117.2 110.6 100.6 
lh! 6,862 118.1 120.1 123.8 136.8 137.0 
Electric utilities 2,605 208.0 212.7 228.3 266.6 272.3 
Coke and gas planten 312 50.6 59.6 67.0 70.2 72.1 
Retail dealers 1,496 30.6 23.3 18.5 12.6 10.0 
Abe. eua ee 2,450 86.6 88.5 84.2 83.1 78.9 
North Dakota and South Dakota 2,416 90.7 91.5 124.0 141.8 156.5 
Electric utilities. 1,378 94.6 98.5 157.7 190.3 221. 
Retail dealers 517 93.0 84.5 77.0 71.0 60.3 
All others 521 77.9 80.0 81.6 84.1 65.5 
Nebraska and Kansas a202 1,336 123.3 120.5 102.3 93.9 101.8 
Electric utilities 639 144.8 165.6 124.6 134.7 171.4 
Retail dealers. 260 43.1 84.6 23.1 17.7 19.6 
All others 437 139.6 105.7 116.9 79.4 49.0 
South Atlantic 52,560 129.1 137.1 163.1 168.4 168.2 
Electric utilities. 22,261 174.0 192.6 231.6 267.7 272.1 
Coke and gas plants. ...............-..- 11,321 90.6 95.5 92.0 91.4 88.1 
Retail dealers 4,765 66.3 55.6 52.6 50.6 50.7 
All others 14,223 110.7 110.8 112.9 113.7 108.9 
Delaware and Maryland.. 10,358 118.9 128.3 136.0 144.4 142.7 
Electric utilit ies 3,000 192. 5 233.1 270.3 290.4 286.5 
Coke and gas plante 5,414 92.8 94.5 91.7 99.6 93.2 
Retail dealers 420 84.3 63.3 26.4 22.1 21.4 
Mole. 8 1,524 76.4 62.6 58.8 49.5 68.6 
District of Columbia......................-- 1,097 * 58.2 449.3 4 81.8 480.8 * 80.9 
Electric utilities 609 61.4 49.4 81.6 89.7 110.5 
Retail dealer 188 72.3 63.8 53.7 47.3 44.1 
AM” A 300 142.7 440.0 4 99.7 4 88.7 448.7 
hio ees oes ee 10,553 130.6 131.6 135.3 140.8 187.6 
Electric utilities 4,435 176.4 170.8 185.9 200.6 204.3 
Coke and gas plant? ns 165 76.4 161.2 157.6 43.6 2 
Retail deslers 2.200 a0aaaaaanaanaMMMMMM 1,756 61.4 51.8 47.3 42.9 41.0 
All others- ss 4 4,197 113.4 122.4 117.8 122.3 112.9 
West Virginia.. -2-2-2-2 15,771 115.4 122.6 127.8 147.4 155.8 
Electric utilities. 6,290 121.3 188.3 152.5 201.4 218.0 
Coke and gas plants 5,742 88.7 94.6 90.4 85.1 85.8 
Retail dealere a00 aaaaaaMananMMMMaMMMM 302 85.4 92.4 101.7 129.8 140.7 
Ae. 8 3,437 152. 0 143.3 147.4 154.1 160.2 
North Carolins 00a aaan 8,716 133.0 142.0 176.1 201.0 194.0 
Electric utilities. 4,953 171.4 189.1 246.8 289.7 281.8 
Retail dealere -2222au 1,248 59.8 50.2 51.2 51.0 49.6 
All othereseeez 2. lll 2l... 2,515 93.9 94.7 98.9 100.6 92.8 


See footnotes at end of table. 
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indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use—Continued 


1957 Index 1957 = 100 (except where noted) 
Geographic division, State of destination, (thou- 
and consumer use sand 
short 1964 1965 1966 1967 1968 
tons) 

South Carolinnaͤe˖.e 8,050 144.3 141.0 167.8 182.1 153.9 
Electric utilities. 856 803.9 278.9 378.5 452.9 881.0 
Retail dealers.........................- 821 94.1 82.2 92.2 88. 85.7 
All others 1,873 80.0 88.1 84.5 75.2 61.9 

Geo and Florida.......................- 8,015 229.6 276.0 351.7 381.2 399.7 

| ectric utilities 2,108 286.1 856.4 465.8 499.0 584.8 
Retail dealers 530 53.8 42.1 .42.1 88.4 88.7 
All others 877 160.7 155.4 208.0 211.1 152.0 

East South Central.......................-- 43,283 115.2 120.4 126.9 141.7 139.7 
Electric oo PETS 28,572 145.3 149.5 159.8 184.2 180.7 
Coke an N gas plasnts--.....-.... -2-0-2 10,880 81.7 88.6 90.0 97.0 92.1 
Retail dealers. 2,494 62.1 56.0 50.7 46.1 50.1 
All others 6,887 81.5 91.5 97.8 97.8 108.5 

Rite. saua aaaea 11,167 144.6 150.7 158.0 170.6 168.5 
Electric utilities ,758 165.4 176.6 187.6 208.4. 208.6 
Coke and gas plant ,688 110.9 114.0 104.0 116.8 108.8 
Retail dealers 884 77.3 62.4 66.2 59.7 67.1 
Ae ³ðVii eee ees 1,892 129.8 129.9 140. 0 132.3 122.9 

Tennessee 15, 104 93.2 92.0 98.1 120.4 111.4 
Electric utilities......................-.. ,816 112.1 107.6 115.7 149.6 188.8 
Coke and Pant 258 59.8 70.2 69.8 67.4 71.8 
eg dealers..... NCC TER NS 1,206 61.2 63.2 50.4 46.0 48.4 

others-_._.. .. .. ...... . 8,764 56.2 61.9 69.0 71.2 75.8 

Alabama and Mississippi MP a eee cas ae 17,012 115.4 125.6 132.1 141.6 146.0 
Electric utilities 6,938 173.0 182.9 195.3 209.7 220.4 
Coe ES and pas plants. nnn 8,489 76. 5 84.1 87.8 94.0 89.4 

uM NCC 8 454 86.6 25.1 22.9 21.4 23.1 
Re others EE 1,181 84.8 124.4 119.5 127.2 160.5 

West South Central: Arkansas, Louisiana, 

Oklahoma, Texas 1,868 58.8 62.4 58.0 51.1 52.2 
Electric utilities o) 65 75.0 0 . 0 . 0 ‘ 
Coke and ga» plant 1,050 82.5 94.9 90.8 78.8 80.8 
Ronde l l 161 19.3 17.4 17.4 143 8. 
All others 592 31.1 24.0 18.2 18.6 19.4 

Mountain... ce css eee 8,779 141.9 157.9 160.6 162.4 169.4 
Electric utilities. 1,487 485.0 572.5 605.0 639.0 674.2 
Coke and gas plant 8,772 74.1 85.3 88.9 77.5 79.7 
Retail dealers 1,350 86.3 85.0 77.3 71.6 68.2 
All others-____.. ĩ⁵ðT 2,220 68.7 57.3 58.9 53.6 59.5 

Colorado oos ³oĩ—iw¹idi ⁰y 3,264 118.8 137.9 144.1 144.6 152.2 
Electric utilities 687 281.2 357.5 401.5 424.9 439.8 
Coke and gas plant 1,324 83.5 99.8 93.1 79.8 85.3 
Retail dealers 326 102.1 113.2 105.2 88.7 96.9 
All others 927 54.7 38.1 40.1 49.1 54.0 

%%%%%ͤ ].. 8 3,748 72.2 76.5 79.3 76.1 16.7 
Electric utilities 367 111.7 102.7 182.4 180.5 132.7 
Coke and gas plant 2,448 69.0 77. 5 78.9 76.2 76.7 
Retail dealers 884 69.5 62.6 55.7 57.8 40.1 
All others 599 62.4 64.3 61.9 52.8 56. 

Montana and Idaho. ` -2.002-22 ----------- 923 128.9 116.5 107.8 104.9 112.9 
Electric utilities ... 1 164.2 165.9 181.6 1883.3 265.4 

etail dealers 593 80.6 72.8 63.6 72.0 59.2 
All others 329 127.1 105.2 89.1 64.7 65.7 

Wyoming d nRL ER RES 607 318.9 861.8 428.5 410.9 445.1 
Electric utilities. 840 518.2 597.4 716.8 673.8 717.1 
Retail dealers 61 82.0 82.0 63.9 45.9 49.2 
All others 206 60.2 55.8 60.7 85.0 118.6 

New Mexico ?.......... ccc ccce ec ee eee 92 191.6 221.8 184.1 228.1 211.3 
Electric utilities 87 195.0 227.8 190.2 230.8 218.6 
Retail dealers. 12 150.0 108.3 58.3 41.7 88.3 
All others 48 81.4 46.5 80.2 39.5 87.2 

Arizona and Nevada 145 897.9 497 .9 509.7 482.8 640.7 
Electric utilities 9.....................-- 5 186.1 177.3 186.3 197.3 267.2 
Retail dealers 24 225.0 808.8 383.3 104.2 75.0 
All others 116 57. 8 46.6 19.8 12.1 18.8 

U ee ⁰A ee rua dais 8,142 88.8 101.1 82.0 82.5 81.0 
Electric utilities .0 .0 .0 : ; 

Coke and SE PFC AAA 1,708 115.7 187.1 107.7 118.1 121.3 
pn dealers 377 75.9 87.8 71.1 54.4 40.8 
All others 1, 058 50. 0 47.9 44.4 35.1 30.4 


See footnotes at end of table. 
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Table 44.—The changing levels of bituminous coal and lignite markets— 


indexes of physical volumes shipped to markets, by geographic division, 
State of destination, and consumer use—Continued 


1957 Index 1957 =100 (except where noted) 
Geographic division, State of destination, on | 
san 


and consumer use 
short 1964 1965 1966 1967 1968. 


tons) 

Washington and Oregon 1,824 68.6 60.8 61.9 40.9 83.9 
Electric utilities 8 . 0 . 0 . 0 . 0 . 0 
Retail dealers 367 75.7 86.6 69.2 52.0 89.0 
Allothers.-__......... ....... .......... 54 52.0 50.8 45.4 86.7 82.1 

e ß dcbaid 1,818 110.8 180.8 108.9 112.8 115.8 
Electric utilities 1 .0 .0 A š 0 
Coke and gas plants 1,708 115.7 187.1 107.7 118.1 121.8 
Retail dealers. 10 80.0 130.0 140.0 140.0 110.0 
All others . 99 31.3 24.2 35.4 20.2 14.1 

PT. A ¾ A O A 829 101.6 95.2 108.5 114.8 97.0 
Electric utilities 470 3 92.3 48.4 8.7 28.1 
Retail dealers 49 89.8 81.6 89.8 87.8 75.5 
All others 810 148.2 101.6 196.8 249.7 204.8 

Canada EES 17,878 79.3 87.4 88.4 85.3 93. 
Electric utilities. 567 560.0 705.6 794.7 869.8 998.4 
Coke and gas plants. .. . .. ....- 4,602 120.5 115.0 127.2 119.8 145. 5 

Retail dealers e wm em [ ũ 4.x unan wm 857 64 4 88 ° 8 65 ° 1 i 51 .6 60 e 
All others 7,188 55.0 62.2 61.4 55.3 47.2 

Canadian Great Lakes commerical docks (con- 

sumer use not available) ................... 2,785 80.0 88 .6 15.4 13.2 16.2 

Canadian railroad companies 1,884 6.2 4.0 2.6 1.8 1.6 

Mexico I lo eere ³ ↄ he ........... NA 94.7 105.8 94.7 108.8 129.8 
All others 1000000000 NA 94.7 105.3 94.7 108.8 129.8 

Destinations not revealable !!_........_..-... -..---- 108.4 100.4 87.8 72.0 154.9 
Electric utilities 11... 2.2.2... 61.8 105.0 62.0 98.0 287.4 
Coke and gas pnlantsai A --.-..... 161.5 54.8 88.4 42.8 78. 
Retail dealers 2222.2 . 2. 2-2. .--...... 85.4 89.8 80.8 49.5 59.6 
All others soe ccc dree ee See 134.1 188.8 124.6 72.7 147.8 

Destinations not available: 

Great Lakes vessel fuel 127272. 1,859 59.5 54.0 56.7 47.2 47.3 
Tidewater bunker fuel 1 41 41.5 81.7 81.7 12.2 ell 
Railroad fuel, United States companies 18. 7,697 17.2 16.1 16.4 14.9 12.7 


NA Not available. 

1 For Great Lakes dock storage the annual base period is 1959 =100. The 1959 annual tonnage was 304,000 
tons. š 
2 For tidewater dock storage the annual base period is 1959 =100. The 1959 annual tonnage was 26,000 tons 

s District 15 shipments to Illinois included with Iowa. 

A considerable block of tonnage is included under Destinations not revealable.” 

5 For electric utilities in Arkansas, Louisiana, Oklahoma, and Texas the annual base period is 1963 100. 
The 1968 tonnage shipped to electric utilities was 24,000 tons. 

6 For electric utilities in Montana and Idaho the annual base period is 1959 =100. The 1959 tonnage shipped 
to electric utilities was 179,000 tons. 

7 For total shipments and electric utilities to New Mexico the annual base period is 1968 =100. Total ship- 
ments to New Mexico were 1,182,000 tons and for electric utilities 1,085,000 tons. 

8 For electric utilities in Arizona and Nevada the annual base period is 1962 =100. The 1962 annual tonnage 

* Includes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 

10 Since tonnages for Mexico were first published in 1960, yearly indexes are based on 1960 =100. 1960 tons 
were total 57,000, all others 57,000. 

11 Since Destinations not revealable" were first published during 1960, the calendar year indexes are based 
on 1960 =100. These figures are as follows: Calendar year 1960 total not revealable 1,880,000, electric utilities 
497,000, coke and gas plants 874,000, retail dealers 99,000, all others 410,000. 

12 Included in summary at beginning of table in “All others." 

13 Included in summary at beginning of table in “Railroad fuel." 
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Table 45.—Average value per ton, f.o.b. mines, of bituminous coal and lignite 
produced in the United States, by States 


1967 1968 
State — —— —e— - 
Under- Strip Auger Total Under- Strip Auger Total 
ground ground 
Alabama 38.68 $4.85 $8.16 $7.15 38.78 34.79 38.16 $7.04 
J/J7%/ö%oT» e sec sescee mede 7.89 .....- 7.89 onus 6.00 ...... 6.00 
ee e sada S / eects ))GGͤͤ Au abbas 
Arkansas 7.62 „ 7.56 7.82 T2830" Se oon 7.47 
Colorado ul yu l esc Tullu SS 5.50 8.86 8.90 4.77 5.48 3.43 ...... 4.82 
EIN oe diss oan ull Ss 3.96 3.888 3.88 4.14 3.92 3.25 4.01 
I;! ul d Eas 4.31 8.87 — 3.91 4.38 So. 81 etna 8.88 
NOW sess kee se Lm ses S 3.63 3.67 — rpn 3.66 3.83 1 3.75 
Kanses ooo 26 ;] ˙1.. K secs 4.6 4.66 ...... 5.15 `... ` 5.15 
Kentukyhyh u -2-2-2 4.48 3.26 8.05 3.96 4.30 3.35 3.06 8.91 
Maryland.....................-.- 4.45 3.12 2.36 8.48 4.25 3.64 2.00 8.67 
Missouri 5. 00 1 1221 4.20 Lu ls 4.20 
Montana: 
Bituminous.................- 8.27 7.50 8.08 8.53 12883 3.12 
ET . m . ...... ...... 4.50 1.96 asiaa 1:91. 2 — 1.89 1.89 
Total o; oo boot upp 8.17 1.98 ...... 2.68 8.58 1.88 (oi 2.84 
New Mexico 8.20 2.55 3.65 8.38 2.66 ...... 8.94 
North Dakota (lignite y))... 1.922 129828·öX 115350 1.78 
IOS ce eo ott e 4.39 3.59 3.38 3.84 4.46 3.72 3.39 3.96 
Oklahoma ann. 8.00 5.71 7.47 5.72 6.46 5.85 8.16 5.88 
Pennsylvania 5.89 3.76 4.08 5.28 5.97 8.84 4.05 5.37 
South Dakota (lignite)............ .....- 5.00 ......- 5 00 — J V 
eptnesgeg . -e.oa 4.19 8.64 3.30 3.95 3.66 8.61 8.60 3.64 
EE aa ta 5.82. 284555. cesccs 5.82 BTE osere Doneis 5.77 
e 4.92 3.46 3.20 4.66 5.07 3.55 8.48 4.84 
Washington. 8.85 „„ 8.78 9.07 291 4.68 
West Virginia 5.85 4.08 4.25 5.21 5.46 4.31 4.06 5.32 
Wyoming 6.21 8.21. `... 3.31 6.34 3.066 3.16 
de CV jc uk yur ³ u.. 5.18 3.68 8.59 4.62 5.22 3.75 8.63 4.67 


COAL—BITUMINOUS AND LIGNITE 


371 


Table 46.—Production and average value per ton, f.o.b. mines, of bituminous coal and 


lignite sold in open market and not sold in open market, by States 


(Thousand short tons) 


Production 
State 
Soldin Not sold 
open in open Total ! 
market market 
1967 
Af se bce Ls 8,430 7,055 15,486 
Alaska... . .. ewe ............- 026. 220-2 925 
Bak ee WEEN P eds 1 
All i o d . ........... 189 189 
Colorado... u u 8 4,006 1,433 5,439 
Ines eee 8 65,1333 65, 133 
Indlüha. 22290 52952252925 18 TT2 22-232 18,772 
A ENEE 883  .......- 883 
za ß ii a 1.186 en 1,136 
Kentueky.. .. . . . . ... /n 94,346 5,947 100,294 
F, . . .. ²⁰•ůũd tesa SE mod osses ,905 
Missouri... .......-..--..- Lll ele cell. 3,698 3, 696 
Montana: 
Bituminoun s 42 1 42 
il... 8 829 ........ 829 
;o l uy l oxu La 871 1 871 
New Mexico 2,818 645 9,463 
North Dakota (ligniteꝛ 4,068 88 4,156 
i))... xx 8 39,757 6,256 46,014 
Oklahoma RON PRU 8 820. _...... 828 
Pennsylvania. ......................- 48,734 80,678 79,412 
South Dakota (lignite d 6 ......-. 
ennessee.. ___._._-._._-_-__...-.----- 6,882 ........ 6,832 
IT. ll ene ZS 3,067 1,108 4,175 
(ͤĩ?Ä70ðꝰ ²²² ON E 35,145 1, 576 36,721 
Washington 59 59 
West Virginia 133, 876 19,878 158,749 
ee cere iE 1,679 1,908 š 
TOtal Da sarumuy A dL S 476,057 76,569 552, 626 
1968 
, Oe sehen 9,274 7,166 16,440 
AA ³ð K ĩð 750d 750 
Arkansas 111 211 
Colorado 4,110 1,448 5,658 
ines 0 250024352 62,177 264 62,441 
KT, 18,486 ........ 18,486 
EECHER 87900 876 
Kansas... õ·o⸗) 5 wd 1,268 ........ 1,268 
KRentuck ùůhh) ß 22. ees esee 94,981 6,175 101,156 
Marvlangd 0-0-0-0 44777 1,447 
e . eee et eek 8,205 ........ 3,206 
Montana: 
Bituminous............. ......... 188 12252 189 
Linie ........... 880 ........ 830 
/// ³· EE 518 a2.aaeaaa 519 
New Mexico..._........_...-..__-.-- 2,684 746 3,429 
North Dakota (lignite)...............- 4,378 113 4,487 
ÄUS 42,078 6,245 48,828 
Oklahoma „ 1,089 1, 089 
Pennsylvania 47, 562 28 , 689 76,200 
ennessee....... 2. eee 8,148 ........ 8,148 
U 71 ENSE OMA EUCH NEA 8,188 1,133 4,916 
VINA ⁵ðVA ⁰ ete ek la 86,044 922 86,966 
Washington 53 125 178 
West Virginia 126,702 19,220 145,921 
Wvoming. -2.0MM 1,905 1,925 8,829 
lll!!! ð A ass 471,124 74,121 645,245 


Average value per ton, 


Sold in 
open 
market 
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! Data may not add to totals shown because of independent rounding. 
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Table 47.—Summary of operations at lignite mines in the United States, in 1967, by States ' 


Item Montana North South Total 2 
Dakota Dakota 


UNDERGROUND MINES 


1 
puris Value E sa uA $4.00. lcu 2552.2 $4.50 
Average number of men working daily............... Bo pec Geese 8 
Average number of days worked 180 et 8 180 
Number of man-days worked. ....................-- JJ. 8 1 
. Average tons per man per dae A 1B. 202255222225. it ole 2.18 
STRIP MINES 

umber of min eos 2 24 1 27 
Production (thousand short tons ) 328 4,156 5 4,489 
Average value per ton $1.96 $1. 92 $5.00 $1.92 
Number of shovels and draglines. ................... 3 47 2 52 
Average number of men working daily............... 18 303 5 326 
Average number of days worked....................- 239 212 108 212 
Number of man-days worked. ................--...-. 4 64 1 69 
Average tons per man per day, 76.33 64.76 9.79 65.06 


Production (thousand short tons): 


Shipped by rail eee 825 2,623 2, 948 
Shipped by truck.............................. 4 387 5 896 
Used at mines ³;w·.. cc 7’˙o. ð5;ͤęt ͥ ad 8 114100 8 1. 146 
/ ⁰ĩ¹Ü¹¹“0˙ ⅛ •˙m . eee 329 4, 156 5 4, 490 
Average value per ton 31.97 31.92 35. 00 31.92 
Average number of men working daily) . . 21 303 5 329 
Average number of days wor kee 226 212 108 213 
Number of man-days worked. .....................- 5 64 1 70 
Average tons per man per day, ....------0-------- 69.18 64.76 9.79 64.14 


1 Exclusive of Texas (lignite). 

? Data may not add to totals shown because of independent rounding. 

! Includes coal loaded at mines directly into railroad cars and hauled by trucks to railroad sidings. 

* Includes coal used at mine for power and heat, used by mine employees, used for all other purposes at mine, 
and transported from mine to point of use by conveyor or tram. 


Table 48.—Summary of operations at lignite mines in the United States, in 1968, by States 


Item I Montana North Dakota Total: 
Number of mine... ?V ñ ] ]ͤ r ett 2 22 24 
Production (thousand short tons): | 
Shipped dd ꝛð ð dd eee ee 329 2, 950 8,279 
Shipped by truck 1 315 316 
Used àt TTT ͥ ⁰˙˙ / A a 1,221 1,221 
% ]³˙ðàwwu. ee eRe 330 4,487 4,817 
Average value per toõo n. FF $1.89 $1.78 $1.79 
Number of shovels and dragline ns 8 45 48 


1 All strip. 

3 Exclusive of Texas (lignite). 

3 Data may not add to totals shown because of independent rounding. 

* Includes coal loaded at mines directly into railroad cars and hauled by trucks to railroad sidings. 

§ Includes coal used at mine for power and heat, used by mine employees, used for all other purposes at 
mine, and transported from mine to point of use by conveyor or tram. 
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Table 49.—Exports of bituminous coal, by country groups 


(Thousand short tons and thousand dollars) 


1966 1967 1968 
Country group SS = SS 
Quantity Value Quantity Value Quantity Value 


Canada (including Newfound- 
land) and Mexico............- 15,882 $130,296 r 15,870 $128,482 16,822 $143,021 


Overseas (all other countries): 
West Indies and Central 


Bermuda, Greenland, 
Miquelon and St. Pierre 


Islands 5 54 6 69 3 30 
South America............. 2,613 25,977 2,562 26,240 2,569 26,401 
, memc cec 22,984 219 , 563 r 19,362 189,526 15,408 154,991 
ir 8 7,794 81, 756 r 12,220 130,622 15,839 171,525 
Africa___________ 9 84 6 55 (1) 1 
Oceania... -2.2 ----- 15 IOL eke. yd .. 0õꝙxpxw cU a 

Total overseas 33, 420 327, 603 r 34, 158 346, 533 33,815 352, 959 

Grand total 49, 302 461,899 r 49,528 475,015 50, 637 495, 980 

r Revised. 


1 Less than 14 unit. 


Table 50.—Bituminous coal exported from the United States, by countries 


(Thousand short tons and thousand dollars) 


1966 1967 1968 
Country — —— s —ͤç— . — 
Quantity Value Quantity Value Quantity Value 
Argentina... 662 $6,633 590 $6,188 441 $4.450 
Australia ul . — 15 1111 m EE caue 
Belgium- Luxembourg 1,841 17,648 1,422 18,732 1,062 
PAZ Cu S u s: uy ci c E Luc d aas 1,739 17,207 1,735 17,529 1,787 18,227 
(eh, TT TEE 15,829 129,646 15,308 127,786 16,748 142,166 
Sl. aa aa EN 156 1,571 193 2,050 8,348 
BYENCC ssn senate x a ee 1,673 16,850 2,181 19,737 1,459 183,787 
Germany: 
OSG olen cele Soe 158 1,610 77 868 101 1,171 
7ö;ð ę ũ ˙ ĩͤ sss 4, 894 45,499 4,694 44,414 9,786 36,273 
Ireland- L 2 ß ee 855 3,341 267 2,618 168 1,707 
(be ⁵ ¾ ³ð ĩͤ a E 7, 806 74,779 r§,815 59,004 4,254 43,576 
PONE eC PM 7,791 81,781 12,215 180,525 15,822 171,418 
LE EEN 53 650 62 746 14 865 
Miquelon and St. Pierre Islands. 
Netherlands 8,165 29,656 2,228 21,219 1,491 14,904 
Ta .osonewose ees ue ae ð 8? , "'*-— DD: tees weet 
N phe See 220 2,201 246 2,410 805 8,043 
Portugal ¿cu Set Su 121 1,124 86 1,091. ¿u 88 
ET ²·²˙ ³˙ w A ne ys 84 ./ -------- 958 
el ĩ E L ] ] ͤ y LED A 1,194 11,981 1,012 10,381 1,480 15,928 
Seien... cm REA 51 „519 81 ; 8,008 
Switzerland 24 237 39 411 28 303 
/ ³˙¹w¾!.A·³Ü a moms 54 558 43 466 84 873 
Yugoslavia. __ 22 eee 596 5,810 532 5,858 486 4,504 
Othe? *ðͥ Ü³Ü A m ec ta x RE 11 90 8 124 19 
(((öĩ§êʃtiů . ⁵¼5 49,302 457,899 149,528 475,015 50,687 495,980 
r Revised. 


! Amounts stated do not include fuel or bunker coal loaded on vessels engaged in foreign trade, which 
eere ted 214,515 tons ($2,164,414) in 1966, 145,497 tons ($1,490,974) in 1967 and 107,749 tons ($1,097,120) 
in š : 

* Data may not add to totals shown because of independent rounding. 
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Table 51.—Bituminous coal exported from the United States, by customs districts 


(Thousand short tons and thousand dollars) 


1966 1967 1968 
Customs district 
Quantity Value Quantity Value Quantity Value 
Baltimore, Md....................... 2,890 $21,808 1,944 317,597 2,496 $22,501 
Buffalo, N. — -2-0-2-.- 1,006 : 558 , 865 425 , 871 
Chicago; I! ----- 78 17 68 488 29 208 
Cleveland, Ohio 18,884 118,857 1 14,061 116,592 15,540 181,081 
Detroit, Mich.......................- 12 ,268 66 771 92 914 
Duluth, Minn ng 4 47 3 46 3 32 
El Paso, . dc l... ces 49 620 47 607 44 559 
Houston, “n...... reor ees (2) 1 Q) 2 uelis ` Ee 
Laredo, , ¿Su eurem 8 80 16 138 29 804 
Los Angeles, Calif.................... 10 63 (2) 2 8 80 
ami Ea oc eo ot eee ee aes r(?) löw P er t 
lwaukeo. Wis... LL. ¿lu eee. Bees wees, Quse 8 10 78 
Mobile, Ala. () 8 () 8 1 7 
New Orleans, Laa 7 61 6 57 81 854 
New York Cit vv 17 131 (1) 2 85 873 
, . eg 81,478 310, 084 32,607 332, 780 31, 820 384,781 
Ogdensburg, N. .. 168 „672 129 1,314 64 682 
Pembina, N. Dkk 6 1 8 9 86 
Philadelphia, fra 52 464 () 222 Quo apas 
Portland, Maine 8 dU EEN 1 17 
Providence, R.I...................... 4 ENEE 5 44 
St. Albans, Nr. u 85 327 25 264 5 64 
Diego, Calif. () 1 (1) 1 (2) 2 
San Francisco, Calif. 8 3% cau. EE 
Savannah, Gl... ³ y EEN (3) 2 
Seattle, Wass 2 JJ ¹˙ mousse. umane 8 
BINDS | PIG , e eeceuce: cusscced (2) OC” E E US 
Total t 222222152224 9027 49,302 457,899 *49,528 475,016 50,687 495,980 
r Revised. 
1 Less than 14 unit. 
2 Data may not add to totals shown because of independent rounding. 
Table 52.—Shipments of bituminous coal to possessions 
and other areas administered by the United States 
1966 1967 1968 
Territory Value Value alue 
Short tons  (thou- Short tons  (thou- Short tons  (thou- 
sands) sands) sands) 
American Samoa. ..................-. 119 J EE 
Puerto Roo ecce. 552 7 1,062 $10 464 $4 
Virgin Islands........................- 40 )“ ͥ ² W A 


1 Less than ke unit. 
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Table 53.—Bituminous coal! imported for consumption in the United States, 
by countries and customs districts 


1966 1967 1968 

Country and customs district Value Value Value 

Short tons  (thou- Short tons  (thou- Short tons  (thou- 

sands) san sands) 

Country: 
e Eeer, euam Re Me Eae ` ee 90 $2 
Canada ___..._..-.- ~~ eee 177 ,672 $1,654 175, 070 $1,584 224,298 1,897 
Germany, Wee. 51,648 yf Ee 
Ireland. u ß , uen e ruta du 180 ^ ECCE o 
NEE, lee, RM NE Rud 540 Bb Zeene 
United Kingdom................. ....... L......-. eee ð -.-...... 6 
S!! 177, 672 1,654 227,388 1,992 224,394 1,900 
Customs district: 

Boston, Mass J A EL S EE 61,548 nE occu 88 
Buffalo, N. ....................- 2,196 33 8,089 48 1,844 26 
Chicago, ZE ee ... chon ]ðW 86,525 287 
Detroit, Mich...................- 427 6 87 1 129 8 
Duluth, Minn 7,584 114 1,265 | 19 10,212 158 
El Paso, VEER 74 11;õĩÄÜ Sumu us 
Galveston, Tek. 540 Sl 22 8 
Great Falls, Mont 18,219 124 19,983 179 10,108 100 
Minneapolis, Minn 6 1 
Pembina, N. Dak..............-. 1,368 19 2,837 40 12,430 177 
Philadelplig, Pa... Ll ole e ß quate 90 2 
Portland, Maine 152,879 1,358 147,965 1,304 153, 555 1,201 
Total, uo z sek oL puas 177,672 1,654 227,388 1,992 224,394 1,900 


! Includes slack, culm, and lignite. 
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Table 54.—World production of bituminous coal, anthracite, and lignite, by countries 


(Thousand short tons) 
Country 1964 1965 1966 1967 1968 » 
North America: 
Canada: 
Bituminous......................- 9,825 9,525 9,818 9,887 8,758 
Lighite.. c cee ees e eus ERE 1,994 2,064 2,078 2,008 2,250 
Greenland: Bituminous................. 2 22 87 85 e 
Mexico: Bituminouns 2,857 2,211 2,816 2,682 2,871 
United States: | 
Anthracite (Pennsylvania)) 17,184 14,866 12,941 12,256 11,461 
Bituminous......................- 484,048 509,045 530,001 548, 186 540,428 
Lignite 1.......................-- 2,9 8,048 8,881 4,4 4,817 
South America: ? 
Argentina: Bituminous................- r 866 r 412 r 894 447 519 
Brazil: Bituminous (marketable) eee eee ee r 1,964 r 2,410 r 2,8968 2,580. 2,606 
Chile: Bituminous...................-.- 1,972 1,904 1,821 1,649 1,742 
Colombia: Bituminous. ...............- r 5,512 8,417 r2,756 8,417 8,807 
Peru: Bituminous and anthracite........ 162 142 171 198 e 187 
Venezuela: Bituminous................. r 40 r 88 87 88 84 
Europe: E 
bania: Lignite -02 ---20-------- 822 r 865 r 488 478 e 478 
Austria: 
Bituminous....................... 114 65 22 1131818 
)))) REISEN 6,850 6,008 5,824 5,075 4,621 
5 Bituminous and anthracite..... 23, 485 21,810 19,289 18,116 16, 821 
Bituminous and anthracite. ........ 671 608 540 515 e 507 
Lignite-—.. A mes. se uS 26,181 26,996 27,148 29,475 e 82,000 
Czechoslovakia: 
Bituminou ss r 81,086 r 80,450 r 29,466 28,601 28,768 
|^ MT CR pH 88,840 80,707 81,690 78,668 e 82,006 
Denmark: Lignite..... es e bra» 2,420 2,846 2,185 , 548 e 1,828 
ce: 
Bituminous and asthracite 3 58,469 56,601 55,488 52,498 46,199 
aD EEN 2,474 2,965 2,826 8,230 8,551 
Bituminous and anthracite: 
VE EE 2,579 2,4838 2,190 1,972 1,874 
i Wes EE 156,750 148, 897 188, 858 123, 506 128,472 
te: 
el FONT Sts te Ns aie eel ahaa SU: 288,212 216,499 274,515 266 , 789 272,491 
West... A ß 8 122,294 112,838 108, 128 106, 666 111,902 
Pech coal: Wes 2,060 1,91 1,280 981 919 
Greece: d l Luz s iE 4,254 5,600 r 6,175 5,769 6,288 
Hungery: 
ituminous....................... 4,547 4,808 4,806 4,468 4,676 
1 ͤ A peas 30, 229 29, 845 28,647 25,927 25,821 
Ireland: 5 and anthracite...... 255 20 193 201 1 
Bituminous and anthracite. ........- 519 429 461 452 402 
27 ⁵ 8ũdm]l nea are 1,826 1,114 1,175 2,426 1,905 
P Ends. Bituminous and anthracite. . 12,656 12, 617 11,080, 8,890 7,845 
o : 
Bituminous......................- 129,860 130, 989 184,459 186 , 576 141,757 
2 ËTT ht ³· . eek oes 22,855 24,941 27,015 26,369 29,652 
0 : 
Anthracite -2-2-2 489 472 r 468 488 438 
ET AT L: Sut ee ebuesek 111 99 56 43 84 
umania: 
Bituminous and anthracite . 6,495 6,654 6,956 7,408 e 7,496 
Š ae EES 5, 766 6,679 7,872 9,152 e 9,976 
pain: 
Feo rn and anthracite. ........ 18,444 14,267 r 14,190 13,608 18,485 
Ss a seu Etc ae 2,870 8,057 r 2,926 2,961 8,097 
Svalbard b be Š Bituminous: 
Controlled by Norway............- 487 470 478 471 864 
Controlled by U.S. 8.1 . (shipments) - . 422 440 e 440 e 440 e 440 
Sweden: Bituminous PER SHEER 98 65 44 12 22 
Biasi and anthracite......... 460,701 471,658 * 484,101 497,567  9*500,449 
JJ 8 159, 975 165,181 161,418 158,029 154, 328 
United Kingdom: Bituminous and anthra- 
Y ci J 216, 868 209, 999 195, 522 192 , 792 188 , 768 
Bituminoun s 1,391 1,289 1,268 1,001 920 
|i» NP ĩͤ ( ĩ A 31, 189 81,733 81,040 28,178 28, 546 


See footnotes at end of table. 
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Table 54.—World production of bituminous coal, anthracite, and lignite, 
by countries—Continued 


(Thousand short tons) 
Country 1964 1965 1966 1967 1968 v 
Africa: 
Algeria: Bituminous and anthracite...... 51 50 e 65 e 55 e 56 
Congo, (Kinshasa): Bituminous. ........ r 117 r 128 121 147 78 
Malagasy Republic: Bituminous.........- 4 8 damosE R 
Morocco: Anthracit e 441 462 497 581 497 
Mozambique: Bituminous 270 262 325 311 346 
Nigeria: Bituminoun s 771 816 705 224 ce 
Rhodesia, Southern: Bituminous 8,855 3,868 e 8,850 58,019 5 8,278 
South Africa, Republic of: Bituminous and 
anthracite (marketable).............. 49,513 58,418 52,847 54,844 56,940 
Swaziland: Anthracite and bituminous. . . 4 33 74 e 86 107 
Tanzania: Bituminous................. 1 2 2 2 8 
United Arab Republic: Bituminous...... ........- 22 e 22 NA. ias 
T Zambia: Bituminou sss 126 488 638 
a: 
Afghanistan: Bituminous 3 125 146 155 168 e 220 
Burma: Bituminou sss 11 117 17 19 10 
China, mainland: Bituminous, anthracite, 
I dele %))).;.öͤöͤ 8 320, 000 880,000 360,000 250,000 830,000 
ndia: 
Bituminous.....................-- 68,828 r 74,083 r 74,928 75,184 76,368 
7 eh ee 1,730 2, 535 2,831 8,280 „548 
Indonesia: Bituminou s 492 430 353 229 194 
pel Bituminous .. 302 r 314 r 314 320 881 
apan: 
Bituminous and anthra cite 56,140 54,602 56,601 51,859 51,382 
I!, ĩ˙mĩ ĩðͤ d ĩð us oy 762 632 498 408 869 
Korea: 
North: Anthracite, bituminous, lig- 
HB. cese lue LUCA 8 15, 988 e 19,620 e 21,500 e 283,590 e 25,358 
South: Anthracite................- 10,606 11,296 12,801 18,708 11,290 
Mongolia, Outer: Lignite and bituminous. 780 1,091 1,107 e1,170 e 1,378 
Pakistan: Bituminous and lignite........ 1,838 1,621 1,497 1,548 e 1,653 
Philippines: Bituminous................ 127 105 88 72 85 
Taiwan: Bituminous. .................. 5,542 5,571 5,528 5,598 5,527 
Thailand: Lienite 115 188 188 869 842 
Turkey (salable): 
Bituminous....................... 4,908 4,851 5,394 5,546 e 6,512 
I§§ĩéê—ö50õ⁰ A 8 4,267 4,592 5,262 4,925 e 6,945 
Vietnam: 
North: Anthracite................. 8,748 er 3,858 er 8,858 e 8,086 e 8,807 
South: Anthracite. ...............- ))) ͤ asss. dme ͤ ³ A 
Oceania: 
Australia: 
Bituminou s 30, 689 85,204 87,884 38, 875 45,144 
ill. cec LEE 21,319 28,137 24,400 26,193 25,829 
New Zealand: | 
Bituminous and anthracite. ........ 8,047 2,801 2,721 2,461 2,802 
ennie SO LTO 175 176 185 186 1 
Lignite F J E ts ante al r 817,930 812,785 * 808,386 792,472 812, 799 
Bituminous and anthracite dd r 2, 213,164 2, 265, 753 2,306,059 2,208,886 2,278,639 
Total, all grades r 3,081,094 73,078,638 78,114,445 2,996,358 3,086,488 
* Estimate. P Preliminary. NA Not available. r Revised. 


3 Includes a pre 


1 Excludes production in State of T 
* Ecuador produces a negligible amount of coal. 

nderant share of low-grade bituminous. 

: 8 from U.S. S. R. in Asia (including Sakhalin) included with U.S. S. R. in Europe. 


es. 
* Year ended March 20 of year following that stated. 
7 Totals are of listed figures 


only. 


exas. 
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Coal—Pennsylvania Anthracite 


By Walter C. Lorenz ! 


The reported production of anthracite 
in the United States in 1968 originated 
from 13 counties in northeastern Pennsyl- 
vania— Berks, Carbon, Columbia, Dauphin, 
Lackawanna, Lancaster, Lebanon, Luzerne, 
Northumberland, Schuylkill, Synder, Sulli- 
van, and Susquehanna—from 246 under- 
ground mines, 130 strip pits, 127 culm 
banks, seven river dredges, and 137 prep- 
aration plants. The anthracite producing 
area is divided geographically into the 
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Northern, the Eastern Middle, Western 
Middle, and Southern fields. The area is 
further divided into three trade regions by 
the coal industry—the Wyoming, the 
Lehigh, and the Schuylkill (fig. 1). 

The 1968 production statistics indicated 
that the general decline in output shown in 
prior years continued; while, at the same 
time, the output per man-day increased, 


and the average per-ton sales price trend 


1 Chemical engineer, Pittsburgh Office of Min- 
eral Resources. 


Anthracite field 


Semianthracite fields 


Anthracite region 


Figure 1.—Coalfields, regions, and counties of the Pennsylvania anthracite area. 
(Adapted from map in Bureau of Mines Bulletin 585, 1960). 
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Table 1.—Salient statistics of the Pennsylvania anthracite industry 


1964 
Production: 
Preparation plants short tons.. 16,385,700 
Dredges..................- do- 704, 748 
Used at collieries for power and 
S erc short tons 143,808 
Total production do.... 17,184,251 
Value. ............- thousands 3148, 648 
Average sales realization per short ton 
on preparation plant shipments (ex- 
cludes dredge coal): 
Pea and larger $12.38 
Buckwheat No. 1 and smaller $6.56 
All sie -ħħ $8.93 
Percentage of total preparon: plant 
shipment (excludes dredge coal): 
Pea and larger, 40.8 
Buckwheat o. 1 and smaller...... 59.2 
Exports li.. short tons.. 1,575, 097 
Consumption apparent 2 do.... 14,400,000 
Average number of days worked 214 
Average number of men working daily. - 13,144 
Output per man per day... short tons 6.11 
Output per man per year do.... 1,308 
Quantity cut by machines do- 417,080 
du uantity mined by stripping do.... 7,177,188 
peii loaded by machines under 
NORIS ER EIE short tons.. 3, 455, 034 
D 
Receipts in New England 3 do 331, 780 
Exports to Canada 1... do- 636 , 867 
Loaded into vessels at Lake Erie 5 
short tons 216, 590 
Receipts at Duluth-Superior * 
short tons 47,649 


1965 1966 1967 1968 
14,023,269 12,139,106 11,481,582 10,799,260 
699 ,857 661 ,017 631,660 605,920 
142,829 141,141 142,821 55, 653 
14, 865, 955 12, 941, 264 12,256,063 11, 460, 833 
$122,021 $100,663 $96,160 $977,245 
$11.70 $11.11 $11.53 $12.40 
$6.48 $6.40 $6.35 $6.87 
$8.51 $8.08 $8.15 $8.78 
39.0 85.6 34.8 94.6 
61.0 64.4 65.2 65.4 
850,630 766 ,025 594 , 797 518,159 
12,900,000 11,400,000 10,800, ,000 10,160, ,000 
'204 203 '21 '21 
11,132 9,292 7,750 6,932 
6.55 6.87 1.21 1.62 
1,336 1,895 1,579 1,654 
329,328 246,658 146,908 61.245 
5,938,982 5,258,408 4,740,187 4, 696, ,163 
3,246,034 2,590,547 1,997,806 1,475,000 
241,638 £149 (010) h x eese 
642, 657 624, 280 448,744 401,314 
224, 460 208, 432 206, 975 204, 682 
hh, ðVZ cede eM. 


LUS Department of Commerce, 1964-68 export data does not include shipments to U.S. military forces. 


See NOTE, tables 2 and 30. 


2 Beginning with 1961 exports to the U.S. military forces in West Germany were taken into consideration. 


See NOTE, tables 3 and 28. 


3 Commonwealth of Massachusetts, Division on the Necessaries of Life. 


4 Data discontined with Se tember, 1966. 
5 Ore and Coal Exchange, Cleveland, Ohio. 


6 Lake Superior area office, Corps of Engineers, U.S. Army, Duluth, Minn. 


was slightly downward over an extended 
period. 

The Federal Government continued to 
supply Pennsylvania anthracite as a por- 
tion of the solid fuel needs of the U.S. 
Armed Forces, in West Germany. 

State and Federal Government programs 
for environmental activities, such as under- 
ground mine fire control, surface sub- 
sidence control, refuse or culm bank fire 
control, mine water drainage control, and 
reclamation of old strip pits, continued at 
an accelerated rate, as additional funds 
became available. The rate of funding of 
research projects for new or improved uses 
of anthracite and for advances in mining 
techniques declined. 


The important issues that have emerged in 
the anthracite region were essentially social 
in nature. Pollution by acid coal mine 


drainage and sewage was serious. State 
and Federal cooperative projects have been 
undertaken to correct some of the immedi- 
ate problems, while the State has been 
making long range plans to prevent future 
stream contamination. Work has started 
toward filling abandoned strip pits with 
existing spoil banks. Long range plans 
were being projected toward completely 
eliminating the pits, which are both un- 
sightly and unsafe. Large culm banks, a 
land use problem, are gradually being 
eliminated by leveling and by slushing the 
refuse underground to correct surface sub- 
sidence problems. Fires in culm banks and 
underground coalbeds are gradually being 
brought under control and quenched as a 
safety measure in protection of life and 
property. Appalachia projects are being 
accomplished in surface subsidence control 
caused by underground mine voids. These 
voids are being filled to stabilize the sur- 
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face as a measure to protect buildings, 
roads, and other surface structures. 

The Federal Government’s usual con- 
tribution for environmental control activi- 
ties in the anthracite area has been 75 


percent of the funds used, and the State’s 
contribution 25 percent. The work progress 
of the various environmental control proj- 
ects in 1968 is as follows: 
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DOMESTIC PRODUCTION 


Anthracite production was 11.5 million 
tons in 1968, some 800,000 tons, or 6.4 
percent, below the 1967 output. About 5 
percent of the anthracite was produced by 
river dredging, 41 percent by strip mining, 
32 percent from the reworking of refuse 
or culm banks, and the remaining 22 per- 
cent from underground mines. Approxi- 
mately 14 percent of the production came 
from the Eastern Middle field, 25 percent 
from the Western Middle field, 36 percent 
from the Southern field, and the remaining 


25 percent from the Northern field. Produc- 
tion by the three trade regions was as fol- 
lows: Lehigh region 22 percent; Schuylkill 
region 53 percent; and the Wyoming region 
25 percent. 

The total 1968 anthracite production was 
valued at $97.2 million, and averaged $8.48 
per-ton. The average value of the anthracite 
sold, by sizes, varied from about $3 per ton 
for the smallest sizes to nearly $15 per ton 
for the large sizes, which were generally 
used as domestic fuel. 


CONSUMPTION AND USES 


The apparent domestic consumption of 
anthracite (production minus exports and 
shipments to U.S. Armed Forces, West 
Germany) was about 700,000 tons below 
the 1967 consumption. The decrease re- 
flected a slight decline in sales for resi- 
dential and commercial heating purposes, 
and export coal. Overall consumption 
of anthracite in 1968 was approximately 


FOREIGN 


Shipments to foreign markets, other than 
the U.S. Armed Forces, West Germany, 
during 1968 were about 13 percent less 
than those made during 1967. The ship- 
ments to foreign consumers were usually 
the larger sizes, such as, lump, egg, stove, 


as follows: 5 percent for export; 7 percent 
for the U.S. Armed Forces, West Germany; 
41 percent for residential and commercial 
heating purposes; 17 percent for electric 
power production; 11 percent for the iron 
and steel industry, and the remaining 19 
percent divided between other industrial 
users. 


TRADE 


chestnut, and pea and were generally fur- 
nished by the larger coal operations, be- 
cause of these operators’ ability to ship in 
the quantities necessary to meet boat 
schedules. 


WORLD REVIEW 


Complete data are not available from 
the world’s anthracite producing countries, 
but the general trend appearing in the 


foreign production reports indicate a slight 
decrease of about 1 percent in 1968 world 
output, compared with that for 1967. 


TECHNOLOGY 


No significant progress has been made 
in improving anthracite underground min- 
ing technique during the past several years. 
The Pennsylvania Department of Mines 
and Mineral Industries studied all facets 
of the anthracite industry in 1967, with 
special emphasis on mining methods and 
techniques, and has instigated research as 
Coal Research Board Project No. CR-88 
on an automated anthracite mining system 
with semilongwall and pitch capabilities in 
a current operating deep mine. 

The Bureau of Mines conducted grinding 


experiments on anthracite to determine the 
finest particle size that could be produced. 
As anthracite is used in the manufacture 
of industrial carbons, fine particle size is 
an important characteristic of the raw 
materials needed for electrode and refrac- 
tory applications. 

Anthracite use as a blast furnace fuel wa 
investigated. Briquets made from anthracite 
fines, using a binder and molded into 
hollow-core forms, were found to be con- 
ditionally successful as a substitute for 
coke in a blast furnace operation. 
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In conjunction with air pollution re- 
search, anthracite, a low sulfur fuel, was 
burned to determine the retention prop- 
erties of the ash for the sulfur that was 
in the coal. The coal was burned without 
additives and with 10 percent dolomite 


during the tests. The sulfur retention of. 


the ash was related only to the percentage 
of coal carbon left in the ash. 

Preparation characteristics for the Bot- 
tom Red Ash Bed and the Bottom Ross 
Bed from the Northern Anthracite field 
were studied by the Bureau of Mines. In 
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addition, laboratory tests were conducted 
in the separation of anthracite particles 
from a water-anthracite slurry by atomiz- 
ing the water and removing the mist in an 
air current. 

Maps of abandoned underground mines 
in the Wyoming Basin, Northern Anthra- 
cite field, were microfilmed as part of a 
Bureau of Mines continuing program to 
preserve old mine maps for future studies 
of subsidence, for mine fire control, and 
for evaluating building sites. 


Table 2.—Standard anthracite specifications approved and adopted by the 
Anthracite Committee, effective July 28, 1947 


Percent 
Size Round test mesh Over- Undersize Maximum impurities ! 
(inches) size 
maxi- Maxi- Mini- Slate Bone Ash? 
mum mum mum 
Dek! os a es Through 4 . Bed irae. 114 2 11 
Over 34% to 33. 15 . ieee. Mandeg 
I). osos Through 31⁄ to 3. FCC 1% 2 11 
Over 2.4. EE 15 71⁄4 aaaea 8 11 
Stoy‚ ee Through 274 7 Le S 2 3 11 
Oer!!! ------ 15 T 1⁄4: ` yapu. eism. esum 
Cheetnut -------1--------- Through 1ëe 71⁄4 ebe ------ 3 4 11 
Over 1. 15 T Quaasss ed, ` MpaEes 
|o TRUE 88 Through 184 1111 enee 4 b 12 
Over 41 15 TC 
Buckwheat No. 111. Through 4 $ masa ĩ¶ 8 13 
Over et EEN 15 7 1⁄4 mune Z. “Susa 
Buckwheat No. 2 (rice). .... Through 54 IJ wet Ä ⁵ 13 
Over . . . . ------ 17 V. seed dë E 
Buckwheat No. 3 (barley)... Through 4 JJ; aerae eee Wee 15 
Over36.-. Jes. ------ 20 10: - “eee. ⁰ leet 
Buckwheat No. 4 Through ?4........ 20-. unies seston ee Les DRESE 15 
Ver ll c celu. — 30 JO eee ⅛ ͤ K 
Buckwheat No. RB Through 56 30 No limit | |. ...... ...... 16 


1 When slate content in sizes from broken to chestnut, inclusive, is less than above standards, bune content 
may be increased by 114 times the decrease in slate content under the allowable limits, but slate content speci- 
fied above shall not be exceeded in any event. 

A tolerance of 1 percent is allowed on maximum percentage of undersize and maximum percentage of ash 


content. 
Maximum percentage of undersize is applicable only to anthracite as it is produced at preparation plant. 
Slate is defined as any material that has less than 40 percent fixed carbon. 


Bone is defined as any material that has 40 percent or more, but less than 75 percent, fixed carbon. 
2 Ash determinations are on a dry basis. 
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Table 4.—Commercial production of Pennsylvania 


From preparation plants 


Lehigh region 


Rail Truck Total? 


Quantity, thousand short tons: 


Lump 3 and broken 


|) EPI 113 4 117 
h! ³˙ suae 8 197 70 266 
h ce ẽmmni m Se ee eee 129 180 309 
)) eels a es ee i eee 82 200 283 
Total pea and larger )))... 521 454 975 
Buckwheat No. 11111. 97 187 284 
Buckwheat No. 2 (rice)))9)9)9» . . . . . .. 31 217 248 
Buckwheat No. 3 (barley)..................- 102 164 266 
Buckwheat No. 4 141 31 172 
Buckwheat No. 555 383 53 436 
G eeh 18 185 203 
Total buckwheat 
No. 1 and smaller 773 837 15,610 
Grand total EEN 1,294 1,291 2,585 
Value, thousands 
Lump and broken... 
%%% ͤ ]³Ü¹A.¹i ³-A‚A PPP EUR $1,471 $45 $1,516 
SOV EEN I 91 3,442 
Chestnut. 25.2. E 1,642 2,857 8,999 
Cbs VVV 831 2,090 2,922 
Total pea and larger 6,476 5,403 11,879 
Buckwheat No. 11111IlIl . 944 1,815 2,759 
Buckwheat No. 2 (rice9y9y)9)9)97).h)d 302 2,242 2,544 
Buckwheat No. 3 (barley )))õʒ))) 836 1,370 2,206 
Buckwheat No. A. 812 169 982 
Buckwheat No. ... --- 2,122 292 2,414 
GM Ee UL 0 593 683 


Total buckwheat 
No. 1 and smaller 2. 


Grand total 2: 


Average value per ton: 
Lump * and broken...... 


Total pea and larger... 


Buckwheat No. 1 
Buckwheat No. 2 1 ae 
Buckwheat No. 3 (barley) 
Buckwheat No. 4........ 
Buckwheat No. 5........ 


Other 


Total buckwheat 
No. 1 and smaller... 


Grand total. 


1 Includes Sullivan County 


FFC 5,106 6,481 11,587 


F 11,582 11,885 23,467 


88 aS aAA $13.00 $12.79 $12.99 
Ee 12.88 13.08 12.9 

33 E 12.74 13.07 12.93 
888 ÁÁ— usas 10.09 10.43 10.33 
333 ͤ (T 12.43 11.90 12.18 
SJ uses dae lee 9.70 9.70 9.70 
3 E 9.66 10.33 10.24 
RN PPM 8.16 8.37 8.29 
— n Sasu sua 5.78 5.45 5.72 
m—— ——— P 5.53 5.56 5.54 
% Map d 5.00 3.20 3.36 


3 Data may not add to totals shown because of independent rounding. 


3 Quantity of lump included 
4 than l4 unit. 


is insignificant. 


Schuylkill region 

Rail Truck Total? 
59 8 62 
225 279 504 
180 414 598 
98 317 415 
561 1,013 1,574 
———— MÀ  —— —— 
179 412 591 
106 401 506 
143 490 634 
162 187 349 
536 162 697 
492 513 1,005 
1,617 2,165 3,782 
2.179 3,178 5,356 
38774 ^ $61 23825 
2,904 3,551 6,456 
2:303 5,206 7.509 
1,019 3,312 4,381 
7,000 12,120 19,121 
1,820 4,114 5,984 
1,015 3,945 4,960 

1,125 4,029 5,1 
972 1, 090 2,062 
2,743 3,448 
1,702 1,877 3,579 
9,977 15,761 25,138 
16,377 27,881 44,258 
$13.17 $14.71 $18.26 
.94 12.72 12.82 
12.82 12.59 12.68 
10.37 10.46 10.44 
12.48 11.97 12.15 
10.15 9.99 10.08 
9.60 9.85 9.80 
7.85 8 8.18 
6.02 5.82 6.91 
5.12 4.87 4.95 
3.46 366 8.56 
5.80 7.28 6.65 
7.62 8.77 8.26 


é Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
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anthracite in 1968, by regions and sizes 


From preparation plants 


Wyoming region ! Total preparation 


plants From river dredging Total 
Rail Truck Total? Rail Truck Total? Rail Truck Total? Rail Truck Total? 
TERME (9 (4) — (9 (4) J (9 
52 2 53 224 g 2322 224 9 232 
215 119 334 636 468 1,104 ...... ...... III 636 468 1,104 
144 302 445 452 896 1,848 ...... ...... ...... 452 396 1,848 
53 298 3951 234 815. 4.048. |... DIII 8 234 815 1,048 
463 720 1,183 1,545 2,187 3,722 : 1,545 2,187 8,782 
== === —— =n C === y —— —— a< 
86 327 413 363 926 1,288 ..... ...... ...... 363 926 1,288 
50 212 261 187 829 1.016 ...... ...... LL... 187 829 1,016 
133 162 295 378 816 1,195 ...... ...... ...... 378 816 1,195 
57 18 75 359 237 5999 24 24 359 261 620 
36 109 146 956 328 1,279 7 7 956 331 1,286 
27 458 485 537 1,156 1,693 544 31 575 1,081 1,187 2,268 
389 1,286 1,675 2,770 4,288 7,067 544 62 606 3,323 4,850 7,618 
851 2,007 2,858 4,324 6,475 10,799 644 62 606 4,868 6,537 11,405 
m (4) (4) —— 0 (4) iets eet Beaten, Resumes ui) ‘) 
$684 324 $708 $2,999 $120 $3,048 ...... ...... v $2929 63120 $3,048 
2.876 1,598 4,469 8.812 6,055 14.367 _..... ...... III 8.812 6,055 14,367 
1.955 4,091 6.046 5.900 11,655 17,555 ...... ...... ...... 5,900 11,655 17,555 
612 3,457 4,069 2,463 8,859 11.322 ...... ...... ...... 2'463 8,859 11,392 
6,128 9,164 15,292 19,604 26,688 46,292 _..... ...... .....- 19,604 26,688 46,292 
906 3,449 4,855 8,670 9,378 13,048 ...... ...... ...... 8,670 9,378 13,048 
521 2,248 2,768 1,838 8,434 10.272 ...... : 1,838 8,494 10,272 
1,088 1,347 2,434 8,049 6.74 QUY M EC MC s 3.049 6,745 9,794 
328 110 437 2,112 1,369 3.481 ...... $112 5112 2,112 1,482 3,598 
199 408 607 5,064 1,406 6,470 ...... 21 21 5, 1,427 6,491 
127 1,062 1,189 1,919 3,532 5,451 $1,981 110 2,090 3,900 8,641 7,541 
3,169 8,622 11,791 17,652 30,865 48,516 1,981 243 2,224 19,688 31,107 50,740 
9,296 17,787 27,083 87,255 57,553 94,808 1,981 243 2,224 39,286 57,796 97,032 
cs $14.80 $14.80 ...... $14.80 314.30. ...... $14.80 $14.80 
$18.24 13.28 18.24 10 13.65 13.12 ...... DIII 777777 $18.10 13.65 13.12 
13.40 13.38 13.40 13.08 12.94 18.02 ...... ...... .....- 13.08 12.94 13.02 
18.60 13.56 13.58 13.05 13.01 13.02 ...... ...... III 18.05 13.01 13.02 
11.57 11.61 11.61 10.55 10.87 10.80 ...... ...... ...... 10.55 10.87 10.80 
18.24 12.73 12.93 12.69 12.20 12.40 ...... ...... ...... 12.69 12.20 12.40 
10.54 10.56 10.56 10.12 10.18 10.13 10.12 10.18 10.18 
10.49 10.61 10.69 9.85 10.17 10.11 ...... ...... 222277 9.85 10.17 10.11 
8.21 8.29 3.26 8.06 8.26 8.20 ...... ...... 722777 8.06 8.26 8.20 
5.75 5.95 5.80 5.88 5.78 5/84 $4.69 $4.69 5.88 5.68 5.80 
5.47 3.74 4.17 5.30 4.35 066 2.96 2.96 5.30 4.32 5.05 
4.70 2.32 2.45 3.57 3.05 3.22 33.64 3.58 3.64 3.61 3.07 8.82 
8.15 6.70 7.04 6.35 7.20 6.87 3.64 3.91 3.67 5.91 7.15 6.61 
10.92 8.86 9.48 8.62 8.89 8.78 3.64 3.91 3.67 8.06 8.84 8.51 
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Table 5.—Sizes of Pennsylvania anthracite (excluding dredge coal) 
prepared at plants in 1968, by regions 


(Percent) 
T Lehigh region Schuylkill region 
1Ze j——————————— — — . — . — 
Shipped Shipped Total Shipped Shipped Total 
by rail by truck by rail by truck 
Lump // ⁰ꝛÜ⁰ꝙꝗ. dd ⅛ ³ qqq ⁰· . uma 
7777/////»ö;»—(Sùv ⅛ iv! y y 8 8.7 0.3 4.5 2.7 0.1 1.2 
J%CͤöÜdſ 8 15.2 5.4 10.8 10.3 8.8 9.4 
üer 8 10.0 14.0 12.0 8.8 13.0 11.1 
)4- es PCT ³⁰·¹ AAA A TC 6.4 15. 5 10.9 4.5 10.0 7.7 
Total pea and larger 40.3 35.2 37.7 25.8 31.9 29.4 
Buckwheat No. 11... 7.5 14.5 11.0 8.2 13.0 11.0 
Buckwheat No. 2 (rieei. ---------------- 2.4 16.8 9.6 4.8 12.6 9.5 
Buckwheat No. 8 (barley)....................-.- 7.9 12.7 10.3 6.6 15.4 11.8 
Buckwheat No. 4 . 10.9 2.4 6.6 7.4 5.9 6.5 
Buckwheat No. Rp 000aaaaaaaaaaannnMnMMsMMnMMM 29.6 4.1 16.9 24.6 5.1 13.0 
Ofher EES 1.4 14.3 7.9 22.6 16.1 18.8 
Total buckwheat No. 1 and smaller......... 59.7 64.8 62.3 74.2 68.1 70.6 
l Wyoming region š Total 

Lump ! and broken_..... .d SES Stokes (‘) Ü). L2 ($) e) 
P Av edd uuum ER s 22 25 6.1 0.1 1.9 5.2 0.2 2 
S%%»öÜ—ê w è y ec Ds Ed 25.2 5.9 11.7 14.7 7.2 10.2 
Chestnut... ¿Lus u gar vw 2 cosas telat 16.9 15.0 15.6 10.4 18.8 12.5 
|. Weblo NER HEC MEN CLR Saa 6.2 14.9 12.2 5.4 12.6 9.7 
Total pea and larger. 54.4 85.9 41.4 85.7 83.8 84.6 
Buckwheat No. 11. 10.1 16.3 14.4 8.4 14.3 11.9 
Buckwheat No. 2 (rice) 5. 8 10. 6 9.2 4.3 12.8 9.4 
Buckwheat No. 3 (barley) ))))ů 15.5 8.1 10.3 8.8 12.6 11.1 
Buckwheat No. 4_.......-..----.--------------- 6.7 0.9 2.6 8.3 3.7 5.5 
Buckwheat No. 8 .020a 000 aueuaeasMasMesosMMaMMMaMsMasMsMM 4.8 5.4 5.1 22.1 5.0 11.8 
OUNCE DEER 3.2 22.8 17.0 12.4 17.8 15.7 
Total buckwheat No. 1 and smaller 45.6 64.1 58.6 64.3 66.2 65.4 


1 Quantity of lump included is insignificant. 

? Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
3 Includes Sullivan County. 

* Less than 0.05 per cent. 
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Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) 
prepared at plants, by regions 


(Percent) 
š: Lehigh region Schuylkill region 
ize — — — — ĩ—ͤ—äjäädſ 
1964 1965 1966 1967 1968 1964 1965 1966 1967 1968 
Lump ! and broken nn. JJ ale. eeu, 4) ncc duda., u 
EU. setae ee eee Sees uns sxs 8.8 8.9 2.7 4.6 4.5 0.9 1.0 0.9 1.2 1.2 
EES 11.8 11.8 11.1 11.0 10.8 11.8 10.8 9.8 9.4 9.4 
Chestnut... cnl c dores 14.1 14.9 12.4 12.1 12.0 14.2 12.0 12.0 10.7 11.1 
POG EE 10.9 9.4 37.4 9.0 10.9 9.1 8.4 8.8 8.0 7.7 
Total pea and larger.......... 89.5 40.0 33.6 36.7 37.7 35.5 31.7 30.5 29.8 29.4 
Fr 2 2 T 
Buckwheat No. 11111 10.4 10.5 11.3 10.5 11.0 11.3 11.9 12.1 11.0 11.0 
Buckwheat No. 2 (rice)y))) / 10.5 9.5 9.9 8.9 . 9.3 10.1 10.2 09.2 9.5 
Buckwheat No. 3 (barley)........... 11.0 10.2 9.1 9.1 10.8 11.7 18.5 18.8 11.1 11.8 
Buckwheat No. 44. 6.8 5.5 6.2 6.0 6.6 6.6 6.5 7.0 6.7 6.5 
Buckwheat No. 555 12.1 12.5 14.8 15.9 16.9 18.8 14.7 14.1 12.8 13.0 
i ee eee ae 9.7 11.8 15.1 12.9 7.9 12.8 11.6 12.8 19.9 18.8 
Total buckwheat No. 1 and 
smaller...................- 60.5 60.0 66.4 68.3 602.3 64.5 68.8 69.5 70.7 70.6 
Wyoming region ‘ Total 
Lump ! and broken (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) 
Egg. suu. uz PLN 4.6 4.7 3.4 3.0 1.9 2.5 2.8 2.0 2.6 2.2 
ENEE . sce cee ecco eme 15.2 15.0 18.1 12.0 11.7 12.6 12.1 10.8 10.5 10.2 
Gent 4202 es eL 17.8 16.6 17.2 15.8 15.6 15.2 14.1 18.5 12.4 12.5 
l4- nsec ie as uuu ss 12.9 12.9 12.6 12.1 12.2 10.5 10.0 š 9.3 9.7 
Total pea and larger 50.0 49.2 46.3 42.9 41.4 40.8 39.0 35.6 34.8 34.6 
S === SS EEE n 
Buckwheat No. 1111. 13.9 13.8 15.0 13.3 14.4 11.9 12.2 12.7 11.5 11.9 
Buckwheat No. 2 (rice) 9.2 2 9.7 9.4 2 9.5 7 9.9 9.2 9.4 
Buckwheat No. 3 (barley) ) 10.8 10.7 10.8 10.6 10.8 11.1 11.9 11.6 10.4 11.1 
Buckwheat No. 4..................- 2.2 3.8 4.7 2.6 2.6 5.8 5.4 6.2 5.4 5.5 
Buckwheat No. 8 8.1 2.9 4.8 6.0 5.1 9.9 10.5 11.6 11.9 11.8 
dE EES 11.8 10.4 9.2 15.2 17.0 11.5 11.3 12.4 16.8 15.7 
Total buckwheat No. 1 and 
smaller 50.0 50.8 53.7 57.1 58.6 59.2 61.0 64.4 65.2 65.4 


1 Quantity of lump included is insignificant. 

3 Less than 0.05 percent. 

3 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
4 Includes Sullivan County. 
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Table 7.— Production of Pennsylvania anthracite in 1968 by regions and counties 


(Thousand short tons and thousand dollars) 


Rail shipments Truck shipments Colliery fuel Total 
Source production ! 
Quantity Value? Quantity Value? Quantity Value Quantity Value 
REGIONS 
Lehigh: 
paration plants 1,294 $11,582 1,291 $11,885 8 $76 2,598 $28,543 
Schuylkill: | 
reparation plants 2,179 16,877 8,178 27,881 7 66 5,864 44,824 
Dredges................... 544 1,981 62 2483 susssa n aohaanas 606 2,224 
Total Schuylkill.......... 2,722 18,858 8,240 28,124 7 66 5,969 46,547 
Wyoming: 
Preparation plants 393 851 9,296 2,007 17,787 40 72 2,899 27, 155 
Total: 1 
Preparation plants 4,824 87,255 6,475 57,558 56 218 10,855 95,021 
Dred ges 544 1,981 62 249. A naanin 606 2,224 
Grand total 114 . 4,868 39, 286 6,537 657,796 56 218 11,461 97,245 
COUNTIES 
Berks, Lancaster, Snyder 544 $1,981 85 JJ Gaco 579 $2,102 
Carbon....... . 44 3,878 198 1,8600. 596 4,788 
Columbia.....................- 200 2,192 78 575... L5 os 278 2,767 
Dauphin... nn 8 7491. — 94 2 — 10 
Lackawanna..................- 201 2,018 888 2,975 (4 $2 0 4,996 
e , ß ß ̃ ñðò . mE et 
Luzerne 1.822 18,774 2,224 20,829 47 188 3,593 84,241 
Northumberland. . ............. 581 2,821 917 6,906 1 10 1,499 9,787 
Schuylkill....................-. 1,608 12,952 2,615 24,794 7 68 4,225 87,809 
SI ↄ˙² Vn. ³ d h 37 200. ¿Ls asm 37 200 
Susquehanna U U : 2... ---.-.-.- 9 108 cux 8 9 108 
Tel! Ene 4,868 89,286 6,587 57,796 56 218 11,461 97,245 


1 Data may not add to totals shown because of independent rounding. 
2 Value given for shipments is that at which coal left possession of producing company; does not include 


selling ex š 
3 Include Sullivan County. 
Less than ke unit. 


Table 8.—Pennsylvania anthracite produced, by fields 


(Thousand short tons) 
Field 1964 1965 1966 1967 1968 
Eastern Middle: Breakers and washeries........... 2,189 2,027 2,009 2,039 1,559 
Western Middle: 
Breakers and washeries 4,492 8,428 8,025 2,898 2,840 
P ⁵³¹-».AA.²r²Ür¹⁴. ˙iuurr ⁰⁰ . 88 34 36 26 27 17 
öÜ³ u ĩð K K eeu 222 4, 526 3,464 3,051 2, 920 2, 857 
Southern: 
Breakers and washeries....-..---------22----- 4,592 4,160 8,781 8,604 8,557 
Dred@es on css. cesses mm OE E DEW 672 664 685 605 589 
//. ³ðWA—WAA. ⁰ 8 5, 264 4, 824 4,416 4,209 4,146 
Northern: Breakers and washeries -0 -------- 5,206 4,651 3, 465 8,088 2,899 
Total ! 
Breakers and washeries...................... 16,479 14,165 12,280 11,624 10,855 
Dfedges....2222---9 08 cw esie dE 705 700 662 632 606 
Grand tot,, 17,184 14,866 12,941 12,256 11,461 


1 Data may not add to totals shown because of independent rounding. 
s Includes Sullivan County. 
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Table 9.—Pennsylvania anthracite produced in 1968, classified as fresh-mined, 
culm-bank, and river coal, by fields and regions 


(Thousand short tons) 
Fresh-mined coal 
Source Underground mines From From 
— om — YU SY,@,R-g— culm river Total 3 
Mechan- Hand Strip pits banks dredging 
ically loaded Total ! 
loaded 
FIELDS 
Eastern Middle 21 20 40 954 568585 1.559 
Western Middle 139 288 421 1,027 1,392 17 2,857 
Southern.................. 845 678 1,018 1,669 870 589 4,146 
Northern 2 ...-------=- 9710 97 ,046 888 ........ ; 
Total i-i loco usa 1,475 975 2,450 4,696 8,709 606 11,461 
REGIONS 
Lehigh.................... 21 44 65 1,570 988808 2,598 
Schuylkill................. 484 931 1,415 2,080 1,868 606 5,969 
Wyoming 970 „en... 970 1,046 883 ........ 2,899 


r 1.475 975 2 450 4,696 8,709 ` 606 11,461 


1 Data may not add to totals shown because of independent rounding. 
2 Includes Sullivan County. 


Table 10.—Production of Pennsylvania anthracite from strip pits 


pisipas Pecat Number A 

8 ercen umber Average 
(thou- of fresh- ofmen number 
sand mined employed of Got 


short total wor 
tons) 
004 ENTIER ¹ AA E Ge a et ³·⁰¹w --- ⁰ 6 EA A 7,177 54.9 8,075 217 
EM x A ß E i d ed 5,989 52.9 2,349 217 
EE 5,258 56.2 2,085 225 
LEE 4,740 59.3 1,883 297 
1968: i 
Lehigh región- -ssessassnnmatodnut ankie 1,570 96.0 641 288 
Schuylkill region 2,080 59.5 794 219 
Wyoming region nnn tt 1,046 51.9 456 278 
Total ? or BCEE jd PIEI PO AE 4,696 65.7 1,891 289 


1 Includes Sullivan County. 
8 Data may not add to totals shown because of independent rounding. 


Table 11.—Power shovels and draglines used in recovering coal from culm banks and 
stripping Pennsylvania anthracite, by type of power 


1966 1967 1968 
Type of power Number Number Number Number Number Number 
of power of drag- Total of power of drag- Total of power of drag- Total 

shovels lines shovels lines | shovels lines 
Gasoline. 20 1 21 4 6 10 6 5 11 
Electric 28 58 81 27 48 70 26 40 66 
Diesel 72 149 221 98 140 298 81 144 225 
Diesel- electric 8 2 5 1 1 2 nas 1 1 
Total. 128 205 828 125 190 815 118 190 903 


— ——áá—ÀÀ——— ————————— ———— ——————————————————M 
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Table 12.—Production of Pennsylvania anthracite from culm banks, by regions 


(Thousand short tons) 


Year Lehigh Schuylkill Wyoming Total ! 
region region region 
1964. E M ³¹¹ TA 936 1, 580 897 3,413 
%%%... 8 883 1,880 716 2,930 
19060... ..5. 8 J Su EE ETE 971 1,890 578 S 
BOG ENEE 1,184 1,710 782 3,627 
TEE es ee 958 1,868 888 8,709 


! Data may not add to totals shown because of independent rounding. 


Table 13.—Pennsylvania anthracite produced by dredges, by rivers, including tributaries 
(Thousand short tons and thousand dollars) 


Schuylkill River Susquehanna River Total 1 | 

Year Average Average Average 
Quantity Value value Quantity Value value Quantity Value value 

(per ton) (per ton) (per ton) 
1964... 2s. 98 $324 $3.31 607 32,035 $3.35 705 82,359 $3.35 
1968 ----- 86 289 8.36 614 2,048 9.33 700 i 8.34 
1966........... 57 180 3.16 605 2,107 8.48 662 2,287 3.46 
19677 89 116 8.00 693 2,140 8.61 632 2,257 3.57 
196888 45 157 3.50 561 2,066 8.68 606 2,224 8.67 


! Data may not add to totals shown because of independent rounding. 


Table 14.—Estimated production of Pennsylvania anthracite, by weeks, in 1968 


Week ended— Thousand Week ended— Thousand Week ended— Thousand 
short tons short an short tons 

Jan. G6..------------ 149 May 11.............. 178. Set. 14... ees 261 
1g. ouod wes 155 1777 TA 193 14·˙ 8 292 
222 ms 202 222 esse sew 188 Je EAE ENE 285 
2 258 June 111 172 Ft. Ook zs ne LC 240 
Feb.  3.............. 267 S ote ees 216 ) NEMPE asta ie! 225 
e ee 229 LG eee cece aba 214 11 EEE 246 
71 se 206 T Ta 235 EENEG 285 
p^ ͤ E AE A 208 8 171 Nov. 2 192 
Mar. 2... 224 July FFC 90 9 A 250 
99 Peete 202 IB EET lc 221 I8. ec sve es 247 
I L i PEE NEET 242 SS A 251 A BEER 250 
%%% 248 VT. Suwa 2 175 dU. uec eS 200 
99 MOS 297 Aug. ------- 197 Dec.  7.............. 229 
Apr. Dee 269 %%% ( 210 14: 8 239 
J 294 PTT 226 Olsens. wees 229 
S A 268 VV 254 VZ 189 

CC 171 Sl: ¿Lulu 8 245 — .;. 
Maß 44 167 Sept. 79. 210 Total 11,461 


1 Estimated from weekly 5 as reported by the Association of American Railroads and other factors; 
adjusted to annual production from Bureau of Mines canvass. 
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Table 15.—Estimated monthly production of Pennsylvania anthracite? 


(Thousand short tons) 
Month 1964 1965 1966 1967 1968 

,, ß EE 1, 668 1. 215 1,108 1,101 965 
Rebeet m 88 1,520 1,006 1,091 989 962 
ù˙¹˙ͥiù coset ek . ies 1,211 1,256 1,088 979 960 
Pl, a ·ͥr¹w ʒ SEE 1,454 1,127 1,058 952 926 
77///;%⁵»éͥ ee ⅛ĩÜ . y 1, 636 1,264 1,103 1,102 986 
AU, TEE k E S E EE 1,816 1,565 998 824 
EE 1,182 1,209 745 89 853 
C ˙́Ǘll ew ecco 1,306 1,244 1,191 1,132 1,016 

September... 2... ieee eee ee ee See 1,300 1,313 1,145 1,071 
M ³oW¹wm 1, 337 1,221 1,221 1,073 1,136 
November. _.........._...-...----------------- 1,340 1,208 1,145 1,017 994 
DecembDert..ll ess AAA pedes E et cu 1,414 1,238 1,103 996 886 
VOC) Bote ͥ y ĩꝛV ⁊ĩͤ . ee der 17,184 14, 866 12,941 12,256 11,461 


1 Production is estimated from weekly carloadings as reported by the Association of American Railroads 
and includes mine fuel, coal sold locally, and dredge coal. 


Table 16.—Pennsylvania anthracite loaded mechanically underground, by fields 


(Thousand short tons) 
Hand-loaded face Total 
Scraper loaders ! Pit-car loaders conveyors, all mechanically 
Field types 2 loaded ? 


1967 1968 1967 1968 1967 1968 1967 1968 


Northern 700 606 82 18 709 345 1,440 970 
Eastern Middle T IU licae. G:2555d 8 6 15 21 
Western Middle 12 ͤ ( 8 155 125 167 139 
Southern 189 197 A AE 185 148 376 845 

Total 5... 22s 908 831 34 18 1,056 625 1,998 1,4765 


1 Includes mobile loaders. 
2 Shaker chutes, including those equipped with duckbills. 
! Data may not add to totals shown because of independent rounding. 


Table 17.—Pennsylvania anthracite loaded mechanically underground 


(Thousand short tons) 


Scraper loaders Mobile loaders Conveyor ! and Total ? loaded 
" pit-car loaders mechanically 
ear —  — r  — — 7a 
Number Quantity Number Quantity 8 Quantity Number Quantity 
of units loaded of units loaded of units loaded of units loaded 
17//·Üàô ⁵%⅛Vö e ene eds 139 150 31 493 495 2,212 665 3,455 
/r. 155 907 25 398 403 1,946 583 8,246 
JJ ³˙³¹¹A 151 788 30 328 883 1,474 564 2,591 
w ⁰ AEE 119 707 21 201 228 1,090 868 1,998 
1958. oz 88 181 710 26 121 184 648 841 1,475 


1 Includes duckbills and other self-loading conveyors. 
? Data may not add to totals shown because of independent rounding. 
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Table 18.—Trends in mechanical loading,’ hand loading, 
and stripping of Pennsylvania anthracite 


(Thousand short tons) 


Fresh-mined coal 


Underground Strip pits 
Year 
Mechan- Percent Percent Percent 
ical of total Hand of total Total? Quantity of total Total 3 
loading under- loading under- fresh- 
ground ground mined 
1964...........- 9,455 58.7 2,434 41.3 5,889 7,177 54.9 18,066 
1955... 8 3,246 61.3 2,051 88.7 5,297 5,939 52.9 11,286 
1968088 2, 591 63.4 1,498 36. 6 4,088 5,253 56.2 9,342 
196 —ö n- 1, 998 61.3 1,260 38.7 3,258 4,740 59.8 7,998 
1968...........- 1,475 60.2 975 89.8 2,450 4,696 65.7 7,146 


1 Mechanical loading includes coal handled on pit-car loaders and hand-loaded face conveyors. 
2 Data may not add to totals shown because of independent rounding. 


Table 19.—Average sales realization of Pennsylvania anthracite (excluding dredge coal) 
at preparation plants, by regions and sizes 


(Per short ton) 


Lehigh region Schuylkill region 


Size — ———————————————— 
1964 1965 1966 1967 1968 1964 1965 1966 1967 1968 


og 2 cese "s 04 rs 95 $12.46 nis 1 312.99 12. 92 $12.65 $12.42 $12.49 $18.26 

Stove..................... 8.41 12.62 12.03 12.93 12.59 11.73 11.30 11.80 12.82 

Chestnut tum 12.80 11.95 12: 46 12.93 12. 62 il. dr 11.04 11.53 12.66 

ee ee 11.06 10.09 9.00 9.42 10.88 10 8.66 9.15 10.44 

Total pea and larger.. 12.78 12.01 11.87 11.76 i2.18 11.95 11.11 10.51 11.00 12.16 

D A————————M—MÓ——ÓÓ—— ———A à 

Buckwheat No. 111. 9.68 9.28 8.45 9.01 9.70 9.42 8.69 8.68 9.02 10.08 

Buckwheat No. 2 (rice)..... 10.00 9.66 9.82 9.62 10.24 8.99 8 53 8.28 8.67 9.80 

Buckwheat No. 8 (barley)... 7.21 7.57 7.53 7.78 8.29 6.87 7.12 7.19 7.48 98.18 

Buckwheat No. 4........... 5.33 5.57 5.59 5.48 5.72 4.98 5.26 5.32 50 6.91 

Buckwheat No. 5. 5.17 6.86 5.38 5.46 5.54 4.48 4.31 4.61 4.70 4.95 

Other HEES 3.16 2.98 2.99 3.13 3.36 8.87 3.44 3.57 3.95 8.56 
Total buckwheat No. 

1 and smaller...... 6.85 6.66 6.26 6.49 7.20 6.25 6.19 6.28 6.18 6.65 

a l i cta 2 EES Eege 

Total all sizes. 9.19 8.80 7.98 8.42 9.08 8.28 7.75 7.53 7.60 8.26 

Wyoming region * Total 

Lump ! and broken $12.42 $12.89 $12.50 $14.96 $14.80 $12.84 $12.39 $12.50 $14.96 $14.80 

EgU.. ET E AA 12.90 18.12 12.51 12.74 13.24 12.94 12.99 12.48 12.65 18.12 

LL l.l vau E -0-a 18.06 12.58 12.17 12.66 13.40 12.92 12.25 11.77 12.25 13.02 

Chestn unt 18.18 12.51 12.04 12.31 13.58 12.92 12.17 11.59 12.08 18.02 

Ji. EE 11.42 10.62 10.34 10.73 11.61 10.82 10.02 9.35 9.75 10.80 

Total pea and larger.. 12.67 12.09 11.65 11.99 12.93 12.38 11.70 11.11 11.53 12.40 

—' —Ó—MMM—À ————— rr 

Buckwheat No. 1........... 10.04 9.84 9.01 9.60 10.56 9.69 9.08 8.74 9.19 10.18 

Buckwheat No. 2 (rice) 9.73 9.42 9.18 9.59 10.59 9.48 9.08 8.77 9.16 10.11 

Buckwheat No. 8 (barley)... 6.98 7.42 7.30 7.44 8.26 6.95 7.28 7.28 7.51 8.20 

Buckwheat No. 44. 6.22 5.82 6.16 5.65 5.80 5.10 5.45 5.56 5.51 5.84 

Buckwheat No. H 5 4.95 5.08 5.43 4.55 4.17 4.66 4.64 4.98 4.95 5.06 

Other . 1.87 1.80 2.04 2.45 2.45 2.88 2.86 8.48 N 

Total buckwheat No. 

1 and smaller...... 6.97 6.91 6.96 6.58 7.04 6.56 6.48 6.40 6.85 6.87 

eee EE eee t ——— — ͤ —— — A ¿n  — —jË 

Total all sizes. 9.82 9.46 9.18 8.91 9.48 8.98 8.51 8.08 8.15 8.78 


i Quantity of lump included is insignifican 
3 Includes various mixtures of buckwheat N 08. 2 to 5 and coal of relatively low dollar value. 
3 Includes Sullivan County. 
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Table 20.—Average value of Pennsylvania anthracite from all sources, by regions 


(Per short ton) 


1967 1968 
Region Shipped Shipped Colliery Total Shipped Shipped Colliery Total 
by rail by truck fuel by rail by truck fuel 
Lehigh: c. u or A eee ee uuu: $8.65 $8.15 38.82 38.42 38.95 39.21 39.63 $9.08 
Schuylkili MR PEE 6.35 7.92 8.75 7.18 6.74 8.68 9.03 7. 80 
Wyoming: 10.07 8.34 1.16 8.58 10.92 8.86 1.77 9.37 
FFT 7.70 8.09 1.94 7.85 8.06 8.84 3.83 8.48 


i ! Value given for shipments is that at which coal left possession of producing company; does not include sell- 
g expenses. 
? Includes Sullivan County. 


Table 21.—Wholesale prices of Pennsylvania anthracite, in 1968, by sizes! 


(Per short ton) 


Size Winter Spring discount Summer-fall End of year 
Che and stoe... $14 .00-$15.05 $13 .50-$15 ob $14 .00-$14 .50 514. 50-815. 60 
UE usce dd anne E 18.75- 14.55 13.25- 14.55 13.75- 14.25 14.25- 15.30 
RR LCS eR Ce eRe 10.75- 11.55 10.75— 11.55 11.00- 11.50 11.10- 12.45 
5 No. loses 10. 10— 10.80 10. 00— 10.80 10.25- 10.75 10.60- 11.75 
Buckwheat No. 2 (rice) 10.10- 10.80 10. 00— 10. 80 10.25- 10.75 10.65- 11.75 
Buckwheat No. 8 (barley) -__ 8.70- 9.30 9.00- 9.30 9.00- 9.45 9.25- 10.25 


1 As quoted in The Black Diamond Magazine. All prices are per short ton f.o.b. at mines. 


Table 22.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) in 1968 


Lehigh Schuylkill Wyoming Total 
region region region ! 
1968 1967 
aN number of men working 
ally: 
5 FFC 37 938 718 1,683 2,281 
n strip pit 641 794 456 1,891 1,883 
At culm banks 167 287 149 608 570 
At preparation plants 497 884 392 1,773 1,893 
Other surface. .............- 36 287 591 914 1,052 
Total excluding dredge 
operations 1,378 3,185 2,301 6,864 7,685 
Dredge operations 68: ` Gelee 68 65 
TCC 1,878 3,253 2,301 6,932 7,750 
Average number of days active: 
All operations except dredges.. 218 219 218 217 219 
Dredge operations 2892 269 284 
Average, all operations 213 219 218 217 219 
Man-days of labor: i 
All operations except dredges.. 294,133 698 , 406 501,775 1,489,314 1,682,210 
Dredge operations 18,264 18,264 18,490 
Total, all operations 294,133 711,670 501,775 1,507,578 1,700,700 
Ave e tons per man-day: | 
operations except dredges. - 8.81 7.78 5.90 7.31 6.91 
ge operations 33.18 _. 8 83.18 84.16 
Average, all operations..... 8.81 8.43 5.90 7.62 7.21 


2 Includes Sullivan County. 
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Table 23.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) by counties 


County 1967 1968 County 1967 1968 
Berks, Lancaster, Lebanon !, and Northumberland. .............- 846 771 
// A AA 57 55 Schuylkill....................- 2, 785 2, 588 
Carbon ns. 214 280 Sullivan. 14 14 
Columbia 227 211 Susouebhannga .------------- 2 7 
Dauphin ell 107 89 — — —eR 
Lackawan s 480 433 Sfr ad Oa 7,750 6,982 
ET mmc mu am 3,068 2,584 


1 None employed in Lebanon in 1967. 
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Table 25.—Truck shipments of Pennsylvania anthracite in 1968, 
by months, and by State of destination’ 


(Thousand short tons) 


Destination January February March April May June July 

Pennsylvania: 
Within region..............- 285 205 176 135 155 157 121 
Outside region 288 242 209 152 175 145 189 
New York k 43 52 42 26 29 26 29 
New Jersey...............-....- 30 27 25 19 28 20 15 
Delaware 4 3 2 1 1 2 2 
Maryland dd 18 15 14 9 9 9 12 
District of Columbia 1 1 (2) ; und. ieee 
Other States. 2 1 1 1 
Total *: 19688988 620 545 470 343 394 858 819 
1967.........-..- 578 574 500 375 410 344 288 

August Se October Novem- Decem- Total? Percent of 
tember ber ber total 
trucked 

Pennsylvania: 
Within region........_-..-.. 146 141 180 181 189 2,021 89.0 
Outside region 172 155 201 183 209 2,269 48.8 
New York... -2222.-02 28 29 86 86 84 409 7.9 
New Jerse . . -2 16 16 20 19 19 248 4.8 
Lelaeare ------------ 2 2 2 2 8 26 .6 
Maryland... .-.-.--------------- 28 20 9 26 23 188 3.6 
District of Columbia. (3) (3) (3) 1 2 .1 
Other States 1 2 8 2 8 18 .8 
Total 3: 1989898 888 365 450 449 480 5,181 100.0 
1967___.......... 854 891 445 523 535 5,312 100.0 


1 Compiled from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 


e .- 
* Loss than 14 unit. 
s Data may not add to totals shown because of independent rounding. 
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Table 26.—Shipments of Pennsylvania anthracite, by destinations 


(Thousand short tons) 


Destination 1964 1965 1966 1967 1968 


TRUCK SHIPMENTS 


Pennsylvania: 
Within region -....-.2-2..2....-- 8,291 2,712 1,986 2,021 
Outside region. ...............-.-.... LL Lll l l.l. ,284 8,015 2,685 J 2,269 
NOW e d EE EE 692 521 47 418 409 
New Jersey-.... 501 440 892 286 248 
Martone ) ĩðſſ A ( a a EE 30 26 23 26 
JJ y ↄ dy 78 63 69 89 188 
District of Columbia 5 7 8 6 
Other Staten 86 24 21 20 18 
jul. 5 GENIS 7,862 6,812 6,021 5,812 5,181 
RAIL SHIPMENTS 
New England Stateennns ħņħħ 881 298 221 174 168 
New enke eege E 1,317 1,056 957 708 606 
e DE TTT EE EEN 641 654 399 828 263 
Pennsylvania............... 2222-2 c „„ 2,209 1,780 1,247 1,052 846 
E IL ⁵ ⁵ P a EE 
SIVIGNG oo a ico EN ³W062-³02ͥ; ER 280 184 210 83 82 
District of Columbia 19 12 9 10 9 
AMNES et erg Sl eet ee reat eee 8 12 89 29 18 6 
Ohio... EE EEN 162 142 121 85 98 
1 ͥ eege 72 80 67 51 
/ ³Ü ⁰˙ä̃˙7¹ee. EN 102 121 103 114 108 
Wisconsin. nn 29 21 19 16 
U ² ²ſddꝗͥſ / .. ................... 21 39 25 22 18 
Michigan... love uw es oe x dE 51 5 41 42 
Other States 232 272 805 244 288 
Total United States Din 4 hn 8,768 2,9836 2,476 
Other foreign countries ag 4,170 1741 854 697 
Grand total ꝶ ) . . . . . .. . . LLL ee 7,450 6,422 4,948 4,186 3,481 


1 edge coal. from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 
ata may not add to totals shown because of independent rounding. 


Table 27.—Consumption of Pennsylvania anthracite 
in the United States, by consumer categories 


(Thousand short tons) 
Residen- Iron and steel 
tial industry 
and Colliery Electric Cement ——————————— Other Unac- 
Year commer- fuel utili- plants Sinter- indus- counted 
cial ties ? Coke ingand trial! for ! 
heating ! making et- 
19644. 7,550 144 2,289 158 492 1,014 2,718 95 
1965... E 6,628 148 , 158 269 507 2,071 158 
Ee 5,622 141 2,192 187 516 897 1,716 131 
Mee 48 2,186 289 528 9 71,800 
EES 4,759 56 2,208 181 582 748 1,685 46 
r Revised. 
1 Calculated. 
2 Federal Power Commission. 


3 Annual Statistical Report, American Iron and Steel Institute. 


402 MINERALS YEARBOOK, 1968 


Table 28.—U.S. exports of anthracite by countries and customs districts 


(Thousand short tons and thousand dollars) 


1967 1968 
Quantity Value Quantity Value 
COUNTRY 

e ß ß ee 2 323 2 $33 
dere 4 96 4 99 
cwn ce ye as 8 2 28 8 13 
VE, TEE EE 449 5,751 401 4,979 

Chile cu 2 une ie es aa u luu E eS 1 12 1 1 
KEREN 2 ¿S Su ys i ie es su ua T usss 1 17 () 6 
. ED" iS Uu EDI 5 62 (1) 1 
EE 45 488 59 585 
Jĩ; casu ede ses ⅛ ³ .. eld sree ee e EM 8 108 2 24 
LTE EEN 11 141 12 157 
CJ%%%/%%rũ . 2 a Oaa aa a 85- uuu 8 
Philippines... ¿cc s.s. e ee S SOS Aë e (1) 12 1 17 
F ͥ̃ĩ QT... ee ͤ K y t e 11 IBL cessie 8 
ww IEE S eh OE ee ͤ OE ua 2 84 1 14 
TWROUGHKG 62.46 coco See ahan a meas aed ane Me eras 5 A ĩ˙ A uaan 
// ð oo oͤ dd EE 8 135 9 151 
Vietnam, Sout̃tgèngſgddddd . «„4«4„ „ 26 396 22 365 
Yugoslavia ee KK y d (1) 2 1 11 
Other on cusan ceo ͤk—0—r y 8 70 (1) 26 
I;ͥã;˖Üb ³ a ee M EE 595 7,622 518 6,558 

CUSTOMS DISTRICT 
Baltimore EE 14 $189 1 

Butalo sisson SE 220 8,108 137 1,982 
e EEN 2 80 7 108 
P ²o·o¹w⅛ . ĩ·˙ U r Sus e S 4 96 4 182 
Mae PME Pal OR Tee Zamaa ... 11 141 12 157 
Mobile; or ß e Mu EE (!) 2 1 13 
New Orleans 9 i — m xeeaz 
New York nt . . . eege 4 51 4 49 
Nell. ⁰k I u oss 2 81 1 16 
Ogdensbur ggg 50 653 54 654 
Füge ð—- 277 3,231 295 3,418 
St; é h)h)ööõ ³¹AA ³ AA A LEE 1 1 2 20 
%%% Ay d Le e E 1 111111 0 eS 
EE c cu ciate oe ee usah uui eed RR EU a (1) 6 (1) 1 
kl WEE 595 7,622 518 6,653 


1 Less than 1⁄4 unit. 
Note: According to the Association of American Railroads, 880,076 short tons of anthracite was exported to 
Europe cue 1968 compared with 880,212 tons for 1967. Of this total 819,824 tons was consigned to West . 
e and Netherlands, including exports to the U.S. military forces. This compares with 826,968 tons 
or e 


COAL— PENNSYLVANIA ANTHRACITE 


Table 29.—World production of anthracite, by countries 


(Thousand short tons) 
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Country 1964 1965 1966 1967 1968 » 
Bb. . .... ..... ..........- 8,710 7,984 7,936 z 6,831 * 5,622 
BUC ² ²-i¼“;Ä;.. ꝛð]¹d K eam 2 209 1211 e 209 e 209 
China, mainland *........................- 283,148 24,251 25,853 , 842 22 , 046 

haereses EE 18,511 13,660 13,950 r 13,263 12,125 
Germany, Wes 16,217 15,626 13,725 12,108 * 11,674 
/ ³˙r¹dAAAA¹¹—T—T0—0 Edw E 169 130 133 r 122 114 
ôĩÜ5i ſ½’⁰k h w.. 88 10 CC dead ĩð2E 8 
77) A 8 1, 884 1,797 1,777 1,669 1,641 
Korea: 

No.] ⁵˙·—w- = uem 12, 846 15,983 17,086 18,739 20,398 
TO WEEN „606 11,296 12,801 18,708 11,290 
Morocco :( „ 441 462 497 531 497 
Netherlands 4,689 4,884 4,845 * 4,248 ° 4,740 
POP; uum y y m 3 15 6 NA 
irrt karnisa asii 489 472 468 488 488 
Rumania € ² -2-220-222-2222 2.2... 17 17 17 17 NA 
South Africa, Republic of 1,450 1,375 1,187 1,411 1,505 
2 8 2, 954 3,059 3,028 8,058 8,068 
JJ!» OSEE ĩð HT 3 14 e 86 107 
7öĩÜ!ͤĩ ³ r 82, 561 r 84, 290 r 84, 630 r 85,031 e 85,429 
United Kingdom. ......................... 5,150 4,707 4,986 r 4,533 e 4,630 
vated States (Pennsylvania 17,184 14,866 12,941 12,256 11,461 
Nr. RERA Raua 8,748 3,858 8,858 8,086 8,307 
Sr ³ðAç y ))ôö§ö;ðé?!ꝛũ TT 8 
d Ve EEN *205,602 *208,825 *208,918 *200,787 200,196 

* Estimate. P Preliminary. r Revised. NA Not available, 


1 Less than 10 percent volatile matter. 


NOTE: Insignificant quantities produced in New Zealand and possibly other countries. An undetermined 


amount of semianthracite is included in figures for some countries. 
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Cobalt 


By Gilbert L. DeHuff! 


Government sales of cobalt continued to 
be an important supply factor in 1968. 
Demand was off somewhat from that of 
the previous year, but the total consumed 
for the year held up fairly well, contrary 
to earlier indications. Imports showed a 
gain. 


Legislation and Government Programs.— 
General Services Administration (GSA) 
continued its off-the-shelf sales of cobalt 
metal until the approximate 4 million 
pounds of its July 3, 1967, offering were 
sold by early March 1968. The sales were 
made out of a stock of granules, briquets, 


rondelles, broken cathodes, and small lumps 
or pellets, held in the Defense Production 
Act (DPA) inventory. In subsequent com- 
petitive bid offerings in each of the last 
three quarters of the year, 2.83 million 
pounds of cobalt were sold from the DPA 
stocks on an unrestricted basis except as 
to total quantities offered. Rondelles were 
no longer among the items offered, and the 
last offering consisted only of granules and 
broken cathodes. 

As of December 31, 1968, the total 
U.S. Government stockpile inventory was 
90,295,595 pounds of cobalt. Of this quan- 
tity, /9,702,791 pounds was stockpile grade. 


Table 1.—Salient cobalt statistics 


(Thousand pounds of contained cobalt) 


United States: 
Consumption 
Imports for consumption. unn 
Stocks, Dec. 81: Consumer 
Price: Metal- per poound. 

World: Production ns 


1964 1965 1966 1967 1968 
10, 650 13, 595 14, 205 18,976 13,000 
,443 ,408 18,823 8,215 9,068 
1,420 1,590 1,996 2,471 2,189 
$1.50 $1.50 $1.65 $1.85 $1.85 
38,150 40,624 46 , 782 44,028 43,086 


DOMESTIC PRODUCTION 


Cobalt continued to be produced in the 
United States as a byproduct of iron ore 
mining, and at least two companies— Basic 
Inc. and Roland F. Beers Inc.—were in- 
vestigating nickel-copper-cobalt sulfide de- 


posits in Maine. In Idaho, The Hanna. 


Mining Co. completed a drilling program 
at the Blackbird cobalt-copper property 


in which it acquired controlling interest 
in 1967. In order to determine the possi- 
bilities for commercial development, the 
company was engaged in extensive metal- 
lurgical research, including the study of 
metal extraction by chemical methods at 
a pilot plant. 


CONSUMPTION AND USES 


Consumption of cobalt in the United 
States, as shown in table 5, decreased for 
the second year in succession. Permanent 


magnets and nonferrous alloy applications 
continued to be the principal uses. 


1 Physical scientist, Division of Mineral Studies. 
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Table 2.—Cobalt materials consumed by refiners or processors in the United States 


(Thousand pounds of contained cobalt) 


Form ! 1964 1965 1966 1967 
Alloy and concentrate 1,174 1,188 1,214 1,168 
h ³·w¹ ˙ md ⁰⁰k et mma ee 1,392 1,669 1,699 1,618 
Hydrate ooo ee GE 21 32 85 18 
Other uuu s Susu 256: E 9 8 6 2 


1968 


1,184 
1,831 
14 
11 


1 Total consumption is not shown because some metal, hydrate, and carbonate originated from alloy an 


concentrate. 
Table 3.—Cobalt products produced and shipped by refiners 
and processors in the United States 
(Thousand pounds) 
1967 1968 
Product Production Shipments Production Shipments 
Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 
weight content weight content weight content weight content 
Oxide........... 485 336 476 834 399 280 865 256 
Hydrate......... 579 290 614 298 658 818 559 264 
Acetate..... 1,063 255 1,055 253 1,480 355 1,482 855 
Carbonate 632 325 595 276 524 244 556 258 
Sulfate 459 105 459 102 1,166 239 1, 087 226 
Other....... 828 78 816 65 487 118 422 95 
Driers..........- 9,761 671 9,496 598 9,697 650 9,641 628 
Total..... 13,297 2,055 13,011 1,926 14,861 2,204 14,012 2,082 
! Figure on metal withheld to avoid disclosing individual company confidential data. 
Table 4.—Cobalt consumed in the United States, by end uses 
(Thousand pounds of contained cobalt) 
Use 1967 1968 
Steel (ingots and castings): 
High speed and t %ũ ð—-R⸗ y aaaea 514 553 
Stainless Sieg]... ³o ⁰ mm ³ðWwWWw oe ee LEE ale 136 145 
Alloy (excluding stainless and tool)... 516 470 
Carbon steel... VMVVLÄ . oles 8 W W 
; e roiu ⁰ ³0 y ͥ ⁰¶ͥðyd; yd y un le ah 2 W W 
Cant TODI ordo Eur op apatites eer on a x.. y 8 W W 
Cutting and wear resistance materials: 
Cemented or sintered earbidees LLL LLL Lll eee 486 516 
Other materials P C —ꝓꝓZ½½½dddddddddddddddf a aa 430 191 
Welding and hardfacing rods and materials „ 864 495 
Magnetic alloVB. uuu l. uuu ow aa ede yd dU UE ud eu tons cue 2,486 2,700 
Nonterrous allOUyB. u Y 3, 625 3,061 
Electrical wtf ⁰⁰⁰yd mtr edocs bene se dass 759 954 
Chemical and ceramic uses: 
Catal i... aie eee Roe ⅛³0-!o ð—- k k 626 721 
Ground eee ⅛ é yy yd EE S ELE LT. 286 201 
Glass decolorizer. „„ 70 67 
FCC! õ³˙Ü¹1öO6¹üſſͥͤ—ͥꝛZ.t..õĩéĩ7é!7“ͤ.ö.“. vd y D SS LE 134 211 
h ³·¹ Be q.... ß m 8 63 29 
Miscellaneous and unspecifieddde᷑e· eIeUů—e „mrww«%ꝶr „„ „ ů ẽ5n7ẽgñ 1.390 8 
%% ⁵ ae ³ĩÄWAAAsAs. ð ( ⁊ĩðͤ 4 eee 88 12, 384 11,175 
Salts and driers: Lacquers, varnishes, paints, inks, pigments, enamels, glazes, feed, 
electroplating, ete. (estimate) A 1,592 1,826 
Grand total... ⁰ yy ↄ ff ã ͥͥͤ dd la EM EE 18,976 13,000 


W Withheld to avoid disclosing individual company confidential data, included in miscellaneous and 


unspecified. 
1 Data may not add to totals shown due to individual rounding. 
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Table 5.—Cobalt consumed in the United States, by forms 
(Thousand pounds of contained cobalt) 


Form 1964 1965 1966 1967 1968 
Metas onthe xxx Sum sas az 8,265 10,872 11,768 11,610 10,456 
Oxide as l ͤ ëV ...... eisdem. 958 961 768 654 573 
Purchased sera 148 87 48 120 145 
Salts and drierrerrr sz zzz 1,279 1,675 1,621 1,592 1,826 
!! Sup SSS G toes 10,650 13,595 14,205 13,976 13,000 


1 Data may not add to total shown due to individual rounding. 


PRICES 


The producer price for metal granule: 
containing 99 percent or more cobalt, in 
500-pound lots, remained throughout the 
year at $1.85 per pound, f.o.b. New York 
or Chicago. On May 27, Sherritt Gordon 
Mines Ltd. cut the price of its S-grade 
powder 18 cents to $1.85 per pound and 
cut the price for its briquets 15 cents to 
$1.88 per pound, thereby becoming more 
competitive for these items. 


Cobalt metal sold off-the-shelf by General 
Services Administration in the first part 
of the year continued to be priced at $1.70 
per pound of contained cobalt, f.o.b. car- 
riers conveyance at Government storage 
locations, for metal of 99.50 percent purity. 
For each 0.5-percent decrease in cobalt 
content the price was lowered $0.01 per 
pound. Subsequent GSA sales through com- 
petitive bids brought prices ranging from 
$1.5761 to $1.801 per pound. 


FOREIGN TRADE 


Exports of unwrought cobalt metal and 
alloys and of waste and scrap totaled 
2,178,336 pounds, gross weight, having a 
value of $2,635,779. These exports went 
to 21 countries with West Germany and 
Japan taking the greater part— 807,348 
pounds ($1,369,677) and 648,017 pounds 
($336,723), respectively. Exports of 


wrought cobalt metal and alloys were 
361,107 pounds, gross weight, having a 
value of $1,712,180 and going to 35 
countries. 

The imports of cobalt salts and com- 
pounds totaled in table 7 came from the 
United Kingdom, Canada, West Germany, 
and Japan. 


Table 6.—U.S. imports for consumption of cobalt metal and oxide, by countries 
(Thousand pounds and thousand dollars) 


Metal Oxide 
Country 1967 1968 1967 1968 

Gross Value Gross Value Gross Value Gross Value 

weight weight weight weight 
Australia............. 2... 2L... 60 59 9 ...... MN Iudas addon steele 
Belgium-Luxembourg............. 1,826 3,722 3,404 $6,146 1,028 $1,642 1,184 $2,108 
Janadaa a 788 1,518 1,032 , 909 16 27 2 5 
Congo (Kinshasa)... rr 3,186 5,549 2,649 RE EENEG 
Frant o: c coer ees E RES 889 1,611 TIO. “TALS ulnis Lec Ee rius 
Germany, West. ................- 188 311 23 JJ u POPE PAN 
Japan- arsau ͤ wü 3 3 8 OF cS (4) (1) 
Netherlands. ...................- 27 30 dU ouk san s u ² A 
Norway... se tee ede sen ae 605 1,228 WAL 1.9170. Ll. y wees 
SWitZerianG WEE (1) E ee Bet tke, MODO 
United Kingdom 379 382 398 AAT ees. wees Sees! Sorel 
Western Africa, n.e.€-------------- ------ ------ 158 d GE 

„ 7,946 14,420 9,219 16,285 1,044 1, 670 1,186 2,113 


1 Less than 14 unit. 
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Table 7.—U.S. imports for consumption of cobalt, by classes 


(Thousand pounds and thousand dollars) 


- Metal Oxide Salts and compounds Total 
ear — — —— 

Gross Value Gross Value Gross Value Gross Cobalt 

weight weight weight weight content! 
1968 oo eee 17,871 $27,784 1,279 $1,411 150 $81 19,300 18,823 
1967...........- 7,946 14,420 1,044 1,670 167 200 9,157 8,215 
19889. 9,219 16, 285 1, 186 2,113 107 90 10, 512 9,068 

° Estimate. 
WORLD REVIEW 


Active exploration and development of 
nickel deposits throughout the world in 1968 
may result in the development of new cobalt 
sources. These projects are discussed in the 
Nickel chapter. 


Belgium.—Prompted by a considerable 
expansion of its markets for cobalt salts 
and oxides, Metallurgie Hoboken S.A. was 
engaged in appreciably increasing produc- 
tion of the former and planned to increase 
its output of the latter. Union Miniére S.A. 
holds a substantial interest in Metallurgie 
Hoboken S.A. 


Canada. Several hundred Ontario silver- 
cobalt occurrences were described in a 
report containing 15 sketch maps.? Cobalt 
deliveries by The International Nickel Co. 
of Canada, Ltd., (Inco) were 1,790,000 
pounds in 1968, compared with 2,210,000 


of cobalt by Sherritt Gordon Mines Ltd. 
increased to 893,609 pounds in 1968 from 
764,073 pounds in the preceding year. 
Its cobalt sales for the 2 years were 
985,046 and 872,522 pounds, respectively. 

Falconbridge Nickel Mines Ltd. shipped 
its nickel-copper matte to its refinery at 
Kristiansand, Norway, where the cobalt 
content was recovered. The company's 
cobalt deliveries increased substantially. 
The source for almost all the cobalt pro- 
duced by these 3 companies continued to 
be the nickel-copper ores of Ontario and 
Manitoba. Silver-cobalt ores of the Cobalt 
and Gowganda districts of Ontario were 
smelted to speiss by the Cobalt Refinery 
Division of Kam-Kotia Mines Ltd. at its 
Cobalt, Ontario, smelter and refinery. This 
speiss was shipped under contract to 


? Sergiades, A. O. Silver-Cobalt Calcite Vein 


pounds in 1967, 2 million pounds in 1966, Deposits of Ontario. Miner. Res. Circ. 10, 
e ° O ta D e 9 , L] , 
and 2,020,000 pounds in 1965. Production 498 Bp. Spi deinen: Toronto: DANACA. 2908 
Table 8.—World production of cobalt by countries 
(Short tons of contained cobalt) 
Country ! 1964 1965 1966 1967 1968 » 
Australia (content of zinc eoncentrate)) 82 100 r 94 164 ° 160 
Canada! -. o oos soc Se LRL un 1,592 1,824 1,756 1,802 1,744 
Congo (Kinshasa õ:: eee 8,461 9,246 2,458 10,712 ¢11,000 
Cuba (recoverable from sulfide) ...............- 770 880 1,010 1,150 1,200 
FU Fa le et m C eh el ~- 1,856 1,646 r 1,585 ° 1,984 ° 1,875 
Germany, Weste 1,593 1,495 1,225 978 e 880 
Morocco (content of concentrate)................- 1,850 2,019 2,198 2,125 ° 1,840 
U.S.S.R. (metal) 1,300 1,400 1,400 1,500 -1, 
Zambia (cathode metal and other products) ) 1,571 1,702 1,670 1,604 1,319 
Total EEN r 19,075 720,312 * 23,391 22,014 21,518 
e Estimate. P Preliminary. r Revised. 


1 Cobalt was produced in Bulgaria, East Germany, Poland, and Uganda but production data are not avail- 
able. U.S. figure is withheld to avoid disclosing individual company confidential data. No estimates for these 


countries are included in the world total. 


? Cobalt in all forms. Excludes the cobalt content of nickel-oxide sinter shipped to the United Kingdom by 
International Nickel, but includes the cobalt content of Falconbridge shipments of nickel-copper matte to 


Norway. 


3 Includes 6,465 tons in cathodes and 3,253 tons in granules. 


* Content of cobaltous pyrite. 
5 Total is of listed figures only. 
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Belgium for treatment. Changes to be made 
by 1970 at the company’s Ontario plant 
will permit conversion to cobalt and nickel 
oxides at that location. 


Congo (Kinshasa).—The World Bank 
agreed to mediate between Union Miniere 
S.A. and the Congolese (Kinshasa) Gov- 
ernment in the matter of compensation for 
nationalization of the company’s mines and 
other holdings. 


Finland.—Production of cobalt metal 
began late in 1967 with the start of opera- 
tions at Outokumpu Oy’s new cobalt re- 
finery at Kokkola. The plant used Sherritt 
Gordon’s hydrometallurgical process in 
treating cobaltous pyrite concentrate and 
sinter, formerly shipped to West Germany. 
Cobalt metal production was 19 short tons 
in 1967 and 557 tons in 1968. 


India.— Geologists of the Geological Sur- 
vey of India discovered a vein of cobaltous 
pyrite north of the Ranganadi River in the 
Subansiri district of the Northeast Frontier 
Agency. The exposure, showing a width of 
4 feet, was estimated to contain 2.2 percent 
cobalt. It was hoped that the discovery 
would result in satisfying India’s cobalt 
requirements of approximately 50 tons per 
year, now supplied by imports. 


Japan.—Imports of cobalt metal were 
approximately 2,000 short tons in 1968 
compared with 2,600 tons in 1967. The 
decrease was attributed to a drop in pro- 
duction of magnets, combined with a carry- 
over of large stocks from the previous year. 
Magnet production uses approximately 80 
percent of Japan's cobalt imports." 
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Morocco.—Technoexport, an agency of 
the U.S.S.R., signed an agreement to under- 
take geological, geochemical, and geophysi- 
cal surveys for cobalt in eastern Morocco 
and to conduct laboratory tests. The work 
will be in the Bou Azzer region of the Great 
Atlas Mountains, where Morocco’s only 
cobalt mine continued to produce.‘ 


Zambia.—In the fiscal year ending June 
30, 1968, Rhokana Corporation Ltd. pro- 
duced 1,499 short tons of cobalt compared 
with the 1,717 tons produced the previous 
fiscal year and the 1,694 tons produced in 
1965-66. A 2-month plant shutdown for 
repairs and modifications accounted for the 
drop. Of a total of 33,265 tons of cobalt- 
copper concentrate produced in the fiscal 
year ending June 30, 1968, by the Chibu- 
luma mine of Roan Selection Trust Ltd., 
4,593 tons were sold, and the balance was 
stockpiled. Ore reserves remaining at the 
Chibuluma and Chibuluma West mines as 
of June 30, 1968, were estimated to be 
6,768,000 tons containing 5.00 percent 
copper and 0.21 percent cobalt, irrespective 
of allowances for the dilution expected in 
mining. Ore production during the fiscal 
year totaled 758,774 tons containing 4.12 
percent copper and 0.15 percent cobalt. 
As of June 30, 1968, total estimated re- 
serves of Baluba Mines Ltd., under develop- 
ment by Roan Selection Trust near 
Luanshya, were 112 million tons containing 
2.41 percent copper and 0.16 percent 
cobalt. A crosscut to the ore on the 400 
level obtained a 400-ton bulk sulfide sample 
for metallurgical testing in the pilot mill 
at Luanshya. Drilling continued for the 
purpose of confirming ore reserves below 
the 800 level. 


TECHNOLOGY 


A method for recovering cobalt from 
nickel-cobalt alloys was developed by the 
Bureau of Mines.“ Using alloys containing 
up to 5.5 percent cobalt for the anode, the 
nickel and cobalt were separated by electro- 
refining in a molten potassium chloride- 
lithium chloride-nickel chloride electrolyte, 
with high-purity nickel metal being de- 
posited on a nickel cathode. In the course 
of this operation, the nickel content of the 
electrolyte was gradually replaced by cobalt 
from the anode. The remaining nickel was 
then removed by electrorefining with a 
cobalt anode. This anode was then replaced 


by one of carbon, and the cobalt was 
electrowon from the electrolyte. 

Bureau studies of the effects of cobalt 
additions to certain stainless steels demon- 
strated that the ferrite content of 17-7 PH 
stainless steel can be advantageously re- 
duced without adversely affecting room- 
temperature tensile properties, hardness, or 


P bind ERR (London). No. 5367, Jan. 21, 
1969, p. 17. 


Mining SEET (London). V. 271, No. 6954, 


Nov. 29, 1968 

5 Sullivan, T A., 15 E. Barton, and F. R. 
Cattoir. An Electrolytic Process for Separating 
Nickel and Cobalt. BuMines Rept. of Inv. 7082, 


1968, 17 pp. 
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impact strength.“ The addition of 2 percent 
by weight of cobalt improved tensile and 
yields strengths without loss of ductility, 
and a 1-percent addition improved ductility 
with only a slight loss in strength. 

Additions of up to 4 percent cobalt in 
AM 350 (AISI 633) stainless steel, a 
widely used molybdenum-bearing stainless, 
did not increase precipitation hardening.’ 

Very powerful permanent magnets were 
made at the Bell Telephone Laboratories 
from solid solutions of samarium-cobalt 
and samarium-copper compounds.* Coercive 
forces of up to 28,700 oersteds were ob- 
tained in the annealed alloy—probably 
the highest value ever obtained for a solid 
material possessing substantial magnetic 
moment at room temperature. Annealed 
samples of similar solid solutions of cerium- 
cobalt and cerium-copper compounds were 
found to have intrinsic coercive forces of 
9,000 oersteds. 

Testing of pilot-plant ingots under mill 
conditions showed that addition of 3 per- 
cent cobalt to the standard titanium alloy 
containing 6 percent aluminum and 4 per- 
cent vanadium, widely used as a fastener in 
aerospace applications, increased strength 
(particularly fatigue strength) without 
loss of ductility or workability.” Thermal 
stability was maintained up to 400° C. 
Earlier research had resulted in unsatis- 
factory thermal stability for a 4-percent- 
cobalt addition, although a notable increase 
in strength for both 4-percent and 2-per- 
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cent additions had been registered. It was 
concluded that the cobalt-containing alloy 
was superior to the standard alloy under 
dynamic stress and particularly for high 
amplitudes. It was believed to have promise 
for high-strength fastener applications. 
Other developments of interest included 
a polyester card with a thin, nickel-cobalt 
magnetic film on each side, a possible 
replacement for the ordinary punched- 
paper computer card. Besides being smaller, 
the plastic card has significantly greater 
information capacity, and it is obedient to 
an all-air transport system. Lasers were 
being used to weld cobalt-base alloys. They 
were stated to be particularly advantageous 
in the welding of permanent magnets. 
Numerous technical papers were presented 
on cobalt metal, alloys and alloy systems, 
tools and wear-resistant materials, cast irons 
and alloy steels, magnetic materials, films 
and coatings, and other applications.“ 


e Tilman, M. M. Ferrite Control by Cobalt 
Additions to a Semiaustenitic Stainless Steel. 
BuMines Rept. of Inv. 7107, 1968, 14 pp. 

7 Tilman, M. M. Effects of Cobalt on Precipita- 
tion Hardening of AM 350 Stainless Steel. 
BuMines Rept. wi 3 7121, 1968, 6 pp. 

8 Nesbitt, E. A., R. H. Willens, R. C. Sherwood, 
E. Buehler, and Jj. H Wernick. New Permanent 
Magnet Materials. pe Phys. Letters, v. 12, 
No. 11, June 1, 1968, pp. 361-862. 

9 Diderrich, E., K. Rudinger, G. Turlach, and 
L. Habraken. Addition of Cobalt to the Ti-6A1- 
4V Alloy. J. Metals, v. 20, No. 5, May 1968, 


pp. 29-37. 

10 Cobalt—A Quarterly Publication on Cobalt 
and Its Uses. Cobalt Information Center, Battelle 
Memorial Institute, Columbus, Ohio. Nos. 38-41, 
March, June, September, and December 1968. 
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Coke and Coal Chemicals 


By Leonard Westerstrom ! 


Coke production in the United States 
totaled 63.7 million tons in 1968, down 
slightly from the 64.6 million tons pro- 
duced in 1967. Both oven and beehive 
plants contributed to the decrease. Oven 
coke production in 1968 was 62.9 million 
tons or 1.4 percent below the 1967 output 
of 63.8 million tons. Production of beehive 
coke in 1968 totaled 775,000 tons, which 
was 3.8 percent less than the 806,000 tons 
produced in 1967. 

Although coke production declined 
900,000 tons in 1968, pig iron production 
increased 1.7 million tons. Less coke was 
required at blast furnace plants as the coke 
rate, the amount of coke required to pro- 
duce 1 ton of pig iron, fell from 1,287.8 
pounds in 1967 to 1,263.4 pounds in 1968. 

Coke production exceeded demand, espe- 
cially in the second half of the year. 
Beginning in July, stocks of oven coke in- 
creased each month reaching an alltime 
peak of 6.0 million tons by year end 1968. 


This supply was equivalent to 36.1 days’ 
production at the December rate of output. 

Blast furnaces continued to use the bulk 
of the Nation's coke production, receiving 
91.2 percent of total shipments from pro- 
ducers. The remaining coke was consumed 
principally in foundries and miscellaneous 
industrial plants. À very small quantity was 
sold for residential heating. This latter 
market is rapidly declining and is expected 
to be nonexistent within the next few years. 

Breeze production in 1968 was 4.1 mil- 
lion tons compared with 4.0 million tons in 
1967. Breeze is primarily used by integrated 
coke producers for sintering iron ore and 
for raising steam; it is unsuitable for most 
metallurgical applications because of its 
size and high ash content. However, about 
one-third of the 1968 output was sold for 
use mainly as a reductant in electric fur- 
naces that smelt phosphate rock to pro- 
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Table 1.—Salient coke statistics ! 


1964 1965 1966 1967 1968 
United States: 
Production: 
Oven coke... thousand short tons 60,908 65,198 65,959 63,775 62,878 
Beehive coke. .............. do- 1, 236 1,657 1,442 806 775 
P! oe a do.... 62,145 66,854 67 ,402 64,580 63,658 
Imports. -.- 2l. — I do.... 103 90 96 92 94 
IN wee WEE do- 524 834 1,066 710 792 
Producers’ stocks, Dec. 21 do 1,972 2,703 3,079 5,468 5,985 
Consumption, apparent.......... do.... 62,637 65,379 66,019 61,572 62,438 
Value of coal-chemical materials used or 
r ee uma thousands.. $290,952 $311,407 $309,143 $292,579 $282,922 
Value of coke and breeze used or sold 
thousands. r 1,125,814 r 1,118,070 r 1,166,663 * 1,107,144 1,175,503 
Total value of all products used or sold 
thousands 1,416,766 1,429,477 1,475,806 1,399,723 1,458,425 
World production: 
Hard coke. ....... thousand short tons 329,077 342,039 342,194 334, 531 315,272 
Gashouse and low-temperature coke 
thousand short tons 41,141 38,413 37,043 34, 610 19,379 


r Revised. 


1 Data may not add to totals shown because of independent rounding. 
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duced elemental phosphorus. Sales of breeze 
were 9.1 percent higher than in 1967. 

Coal costs at coking plants in 1968 were 
on the average 1 cent less per ton than in 
1967. Coal cost increased slightly at plants 
in most States, but averaged lower in 
Pennsylvania, Minnesota, and Wisconsin. 
Delivered prices of coal to oven coke plants 
ranged from $8.13 to $12.47 per ton. The 
average value of bituminous coking coal at 
slot ovens was $10.01 and at beehive ovens 
was $5.71. West Virginia, Pennsylvania, 
and Kentucky continued to be the main 
suppliers of coal to coke plants. Receipts 
from these States were 75.4 million tons 
or 80.0 percent of total coking coal ship- 
ments in 1968. 

Production of coal chemicals normally 
parallels oven-coke output, and this was 
true of all primary coal chemicals in 1968. 
Production of tar, ammonia, light oil, and 
coke-oven gas registered decreases ranging 
between 3 and 8 percent under the quan- 
tities produced in 1967. Yields of the 
basic chemical raw materials also declined. 
Processing of crude tar and crude light oil 
for the production of various tar and light 
oil derivatives is an integral part of coke- 
oven operations at many plants. There was 
no change in the number of producers 
processing crude tar, and about the same 
percentage of tar was processed in 1968 as 
in 1967. With crude light oil, however, the 
greatest proportion of the output was sold 
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for processing outside the producing plants. 
This marked change in the processing or 
refining of crude light oil started in the 
early 1960's, when a few of the producing 
plants started to sell their output because 
their processing equipment was not able to 
produce the high-purity derivatives re- 
quired by some of the large markets. 

Price quotations on oven foundry coke as 
published in various trade journals in- 
creased $2.50 per ton during 1968. Beehive 
coke prices at some locations increased 
$1.20 per ton. Prices on coal-chemical 
materials changed only slightly during the 
year. There was no change in ammonium 
sulfate, but naphthalene prices increased 
approximately 1 ½ cents per pound. Prices 
on the principal light oil derivatives ben- 
zene and xylene decreased one to 2 cents 
per gallon. Toulene prices increased ap- 
proximately 1½ cents per gallon. 

Foreign trade in coke was relatively 
small, but exports were 11.5 percent greater 
than in 1967. This was due entirely to a 
more than doubling of exports to Mexico. 
Imports were insignificant and were only 
about one-tenth as large as exports. 

The total value of all coals carbonized 
was $909 million, and the total value of 
carbonization products was $1,470 million 
or 61.7 percent more than the value of the 
coal. The value of coke and breeze repre- 
sented 81 percent of the value of all coke 
oven products. 


COKE AND BREEZE 


DOMESTIC PRODUCTION 


Production of coke, which had been in- 
creasing in the second half of 1967, con- 
tinued to increase in the first half of 1968. 
From January through June, daily average 
output ranged between 183,000 and 187,000 
tons. This high rate of coke production 
occurred as a result of a large buildup in 
stocks by iron and steel producers in antici- 
pation of a steelworkers strike in June. The 
strike was averted, and steel producers, 
with large inventories, sharply curtailed 
their purchases of iron ore and coke. 
Consequently, the daily average output of 
185,000 tons in June fell to a low of 
153,000 tons in October. Production turned 
upward in November and gained further in 
December. The daily average output of 
coke in these months was 157,000 and 
167,000 tons, respectively. 


The terms "merchant" and furnace“ 
in this report apply only to oven-coke 
plants. Furnace plants are owned by, or 
affiliated with, iron and steel companies 
that produce coke mainly for use in their 
own blast furnaces. Merchant plants in- 
clude those that manufacture metallurgical, 
industrial, and residential-heating grades of 
coke for sale on the open market; those 
associated with chemical companies or gas 
utilities; and those affiliated with local iron- 
works that consume only a small part of 
their output in affiliated blast furnaces. 
Both merchant and furnace plants shared 
in the reduced output primarily because of 
lessened demands from all markets. Oven- 
coke output supplied by merchant plants 
continued to decline in 1968, their share of 
the output amounting to less than 10 per- 
cent. Tables 6 and 7 show production of 
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oven coke by merchant and furnace plants 
in 1968. 

Coke was again produced in 21 States 
in 1968, with 93 percent manufactured in 
15 States east of the Mississippi River. 
Since the nationwide pattern of supply has 
not changed to any marked degree in the 
past decade, the relative proportions sup- 
plied by the individual States have re- 
mained relatively static. The bulk of coke 
output in 1968, as always, was centered in 
the highly industrialized States which use 
coke as blast-furnace fuel for ironmaking. 

Pennsylvania continued to be the largest 
producer, with oven- and beehive-coke out- 
put comprising nearly 30 percent of the 
U.S. total. 

Breeze is the small sizes of coke that 
result from screening and although there 
is no designated size, usually includes the 
coke that passes through a - inch screen, 
or in a few instance, a 38-inch screen. In 
past years, this material, which generally 
has a higher ash and moisture content than 
the large sizes, has been used principally as 
boiler fuel at producing plants. Although 
about 12 percent of the production is still 
used for this purpose by producers, usage 
has changed considerably in the past dec- 
ade and 40 percent of the production in 
1968 was used by integrated producers for 
sintering iron ores. 

The yield of breeze at oven-coke plants 
ranged between 7.26 percent for plants in 
Minnesota and Wisconsin to 3.10 percent 
for plants in Pennsylvania but averaged 
4.53 percent for the industry. Most beehive 
plants do not recover breeze, but the aver- 
age yield for the plants that did report pro- 
duction was 6.87 percent. 

Table 9 shows the production and dis- 
posal of breeze in 1968 by State; table 10 
shows the quantities of breeze used by pro- 
ducers according to major end use and the 
quantities and values of the breeze sold in 
1968 and in prior years and base periods. 


CONSUMPTION AND SALES 


The United States consumed 62.4 million 
short tons of coke in 1968. This apparent 
consumption, (total production plus im- 
ports, minus exports and changes in pro- 
ducers’ stocks) was 1.4 percent higher than 
in 1967 but nearly 6 percent less than in 
1966 and 20 percent less than the record 
high of 1951. 

Although total coke consumption in- 
creased 866,000 tons in 1968, blast furnace 
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consumption of coke decreased 300,000 
tons compared with that in 1967. Pig iron 
production, however, was 1.7 million tons 
higher in 1968 than in 1967. Blast furnaces 
required 20 pounds less coke in 1968 than 
in 1967 to produce 1 ton of pig iron. This 
improvement in the coke rate, which has 
occurred each year since 1951 with the 
exception of 1965, is the largest single 
factor in the general decline in coke con- 
sumption in recent years. The continuing 
downward trend in coke rates is attributed 
mainly to improved burdens (coke and iron 
ore) and advanced operating techniques, 
such as higher blast temperatures, fuel 
injection, and oxygen enrichment of the 
blast. The ultimate effect of these techno- 
logic improvements on the coke industry 
can be illustrated by the hypothetical case 
that if blast furnaces in 1968 operated at 
1951 rates, the 89.3 million tons of pig iron 
and ferroalloys produced in 1968 would 
have required 83.6 million tons of coke 
rather than the 56.7 million tons actually 
consumed. 

All other consuming groups used more 
coke in 1968. Sales to all other industrial 
plants increased more than sales to other 
categories, nearly 60 percent. Sales to the 
residential heating market increased slightly 
in 1968. However, fuel oil and natural gas 
have virtually replaced coke for this pur- 
pose, and the quantity of coke so used will 
probably soon be negligible. 


Data on coke consumption are shown in 
table 11; data on coke rates are shown in 


table 12. 


Tables 13 and 14 summarize, by major 
end use, the disposal of oven and beehive 
coke in 1968. Furnace oven-coke plants sup- 
plied 90 percent of the 62.5 million tons 
of oven and beehive coke distributed. 
Ninety-six percent of the coke distributed 
by furnace plants was consumed in inte- 
grated and affiliated blast furnaces, an addi- 
tional 1 percent was used for other pur- 
poses, and the remaining 3 percent was 
marketed, chiefly to blast furnaces and 
other industrial plants but with small quan- 
tities going also to foundries and for resi- 
dential heating. 


Merchant coke plants distributed nearly 
6 million tons of coke in 1968, 94 percent 
of which was placed on the commercial 
market. Principal markets were blast- 
furnace operations without coke facilities, 
independent gray-iron foundries, nonferrous 
smelters, and chemical plants. Of the 5.8 
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million tons of oven coke sold by merchant 
plants in 1968, 40 percent was shipped to 
blast furnaces, 46 percent to foundries, and 
12 percent to other industrial plants; the 
remaining 2 percent was sold for residential 
heating. Only 4 percent of the total coke 
distributed by merchant plants was retained 
for use by the producers. 

Less than 1.2 percent of the coke dis- 
tributed in 1968 came from beehive plants. 
Seventy-four percent of the beehive ship- 
ments went for use in blast furnaces. Most 
of the remainder went to other industrial 
plants. These were mainly chemical plants 
that used the coke to produce calcium 
carbide and elemental phosphorus. Minor 
quantities were used also in foundries and 
for residential heating. Coke was produced 
in or received by all States except Alaska, 
Hawai, and the District of Columbia in 
1968. A total of 61.9 million tons of coke 
was distributed domestically. This was ap- 
proximately 200,000 tons higher than ship- 
ments in 1967. Shipments to blast furnaces 
fell by 500,000 tons, but shipments to 
foundries and to all other industrial plants 
increased by more than 600,000 tons. 

Twenty-one States consumed 56.4 million 
tons of blast-furnace coke. Pennsylvania, 
Ohio, Indiana, Illinois, Michigan, New 
York, Maryland, Alabama, and West Vir- 
ginia together received 91 percent of the 
total. Most blast-furnace installations are 
integrated with coke ovens, and blast- 
furnace coke generally moves only short 
distances, usually by conveyor belt or com- 
pany railroad within the producing estab- 
lishment. Coke so restricted in its movement 
accounted for 90 percent of the blast- 
furnace distribution. The remaining 10 per- 
cent, was shipped out of the producing 
State, mainly to affiliated blast furnaces in 
nearby States. | 

The chief recipients of foundry-coke ship- 
ments were the automotive, farm-machinery, 
machine-tool, heavy-machinery, railroad, 
and electrical-equipment industries. Most 
of these industries are concentrated in the 
East and Midwest. To reach these markets, 
foundry coke generally must be shipped 
long distances by rail. In 1968, the com- 
bined consumption of Michigan, Ohio, Ala- 
bama, Pennsylvania, Illinois, Indiana, Wis- 
consin, and New York accounted for 76 
percent of the foundry-coke shipments. 
Lesser quantities were sent to 37 other 
States. 

Less than 4 percent of the total coke 
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distributed was utilized for miscellaneous 
industrial applications by, among others, 
nonferrous smelters, alkali plants, and 
chemical plants that manufacture calcium 
carbide and elemental phosphorus. Leading 
consumers of this classification of coke were, 
in the order named, Ohio, Illinois, Penn- 
sylvania, Idaho and Michigan. Together, 
these 5 States consumed nearly two-thirds 
of the total other-industrial markets. 

The quantity of coke used for residential 
heating in 1968 declined 26 percent from 
the 1967 level. Although 26 States used 
coke for this purpose, the quantity sent to 
each was so small that the total distributed 
was only 63,000 tons. Twelve States con- 
sumed less than 500 tons each, and only 
four States used more than 5,000 tons. 
Distribution of oven and beehive coke and 
breeze, by major end use and final destina- 
tion, are shown in table 15. 


STOCKS 


Coke stockpiled at producers! plants de- 
creased moderately in quantity in the first 
half of 1968, and then increased rapidly 
each month thereafter as blast iron produc- 
tion fell sharply. Stocks on hand at the 
close of the year. exceeded those of Decem- 
ber 31, 1967, by nearly 10 percent and the 
6.0 million tons of coke on hand at the 
end of the year represented an alltime high. 
Data on stocks are shown in tables 16 
and 17. 

Furnace plants ended the year with 5.6 
million tons of coke on hand. Merchant 
plants had coke stocks of 348,000 tons. 
In terms of days supply, furnace. plants 
had a supply equivalent to 38 days of pro- 
duction at the December rate, while mer- 
chant plants had 22 days of coke supply. 
Stocks at merchant plants were composed 
of 6 percent blast-furnace coke; 49 percent 
foundry coke; and 45 percent, other grades. 

Stocks of coke at beehive plants varied 
only slightly from those in the preceding 
year and were insignificant. 

Coke breeze stocks were almost identical 
to those of 1967. Producers had a 192,000- 
ton supply at merchant plants and 820,000 
tons at furnace plants. 


VALUE AND PRICE 


Average receipts for commercial sales 
f.o.b. plant of the different grades of coke 
as reported by producers are shown in 
table 18. Receipts for sales of oven coke 
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in 1968 averaged $22.00 per ton, a decrease 
of $0.67. This was due to a $1.19 decrease 
in the price of oven coke to the industrial 
plant sector. The average value of blast- 
furnace plant receipts increased 11 cents 
per ton. Foundry prices were on the aver- 


age 3 cents higher and residential heating 


prices increased 61 cents per ton. Receipts 
for total beehive coke sales were 3 cents 
below those of 1967. This overall decrease 
in receipts was due solely to $5.50 per ton 
decrease in the average price per ton of 
coke sold to foundries. 

The large variance in price for blast- 
furnace and foundry oven coke was attrib- 
uted principally to the lower yields obtained 
in producing foundry coke, and to larger 
minimum sizes required to meet foundry- 
coke specifications. The differences in f.o.b. 
prices of oven and beehive foundry coke 
were due largely to transportation costs for 
coal and/or coke. 


FOREIGN TRADE 


U.S. exports of coke increased nearly 12 
percent from those of the preceding year. 
This increase was the result of a doubling 
in the amount of coke shipped to Mexico 
and Venezuela. The increase in exports to 
these countries more than offset a 192,000- 
ton decline in exports to Canada. Mexico 
replaced Canada as the leading export 
market, absorbing nearly 44 percent of the 
foreign consumption of U.S. coke. The 
combined total of shipments to Mexico, 
Canada, and Venezuela accounted for 93 
percent of total coke exports. 

More than three-fourths of the coke 
exports were through the Buffalo, N.Y., 
Detroit, Mich., and Laredo, Tex., customs 
districts. Each of these ports handled well 
in excess of 100,000 tons. Table 19 shows 
exports of coke by country and customs 
district for 1966, 1967, and 1968. The 
quantity shown is substantially larger than 
that reported by producers and shown in 
table 15 because there were additional ship- 
ments to foreign countries by export firms. 

The United States imported 94,000 tons 
of coke. Almost twice this tonnage was 
produced domestically in a single day. This 
imported coke had a negligible bearing on 
the general nationwide market and was 
significant only in certain local areas, such 
as the Northwest, which are far removed 
from sources of coke production. 

Ninety-six percent of the coke imported 
for consumption in 1968 originated in 
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Canada and was produced in the Province 
of British Columbia. This coke was used 
mainly in nonferrous smelters and enters 
the United States through the Great Falls, 
Mont., customs district. Three percent of 
the imported coke came from West Ger- 
many, and the remaining 1 percent, from 
France and the Netherlands. 

Table 20 shows imports of coke for 1968 
and the two immediately preceding years, 
by country and customs district. 


WORLD PRODUCTION 


World production of metallurgical coke 
in 1968 was estimated at 335 million tons, 
an apparent decrease of 9 percent from the 
estimated 1967 output. This decrease, how- 
ever is attributable entirely to the exclusion 
of the coke production of 17 countries for 
which data were not available. If the 1967 
production total excluded the output of 
the countries for which 1968 data were not 
available, world production in 1968 com- 
paratively increased 2.4 percent. 

Europe maintained the lead in world 
production with 54 percent of the output. 
This share would be higher if data for 
Czechoslovakia, East Germany, and Poland 
were available. These countries combined 
produced 30 million tons of coke in 1967. 

Output of coke and breeze in the Soviet 
Union, the world's largest producer, was 
estimated at 78 million tons, about two- 
fifths of the European total and nearly one- 
fourth of the world output. This was an 
increase of 2 percent over the 1967 produc- 
tion and a record output of the U.S.S.R. 
Although Soviet production exceeds that 
of the United States, the actual difference 
in outputs of the two countries was 10.6 
million tons rather than 14.6 million tons 
as reflected in table 21, because the U.S. 
production figure does not include 4 million 
tons of breeze produced in 1968. 

The United States with 19 percent of the 
world output ranked second and West 
Germany, with 12 percent, ranked third. 
The United States had a 1.4-percent pro- 
duction decrease, while West Germany’s 
output was nearly 3 percent above that of 
1967. 

Other leading coke-producing countries 
in order of output were Japan, the United 
Kingdom, mainland China, France, and 
India. Highest production increases of 15, 
13, and 6 percent, respectively—were re- 
corded in mainland China, Japan, and New 
Zealand. Production in other countries did 
not change appreciably. 
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COAL CHEMICALS 


The term ‘‘coal chemicals” refers to 
the chemical materials recovered from the 
volatile matter released during carboniza- 
tion. Normally, three basic materials— 
ammonia, tar, and light oil—are recovered 
at oven-coke plants through a series of 
complex condensation and absorption proc- 
esses. The remaining material, which is rich 
in hydrogen and methane, is called coke- 
oven gas. Except for ammonia, which is 
recovered as an aqueous solution or con- 
verted to a salt and sold as produced, the 
basic materials are in most instances further 
processed to yield a number of primary 
organic chemicals or chemical mixtures of 
which the most important are benzene, 
toluene, xylene, solvent naphtha, crude 
chemical oil, creosote oil, pitch, and pyri- 
dine. Although most oven-coke plants in 
the United States are equipped to process 
tar and light oil, the extent to which in- 
dividual plants produce the various prod- 
ucts depends upon economic conditions and 
a number of other factors. 

Yields of the basic, as well as the pri- 
mary, chemicals vary somewhat with the 
kind of coals carbonized, carbonizing tem- 
peratures, and operating techniques and 
equipment, but approximately 315 pounds 
of coke-oven gas, 90 pounds of tar, 20 
pounds of light oil, and 5 pounds of am- 
monia are recovered for each ton of coal 
carbonized. In standard units of measure 
these quantities amount to about 10,500 
cubic feet of coke-oven gas, 10 gallons of 
tar, and 3 gallons of light oil. Ammonia is 
recovered aS ammonium sulfate at most 
operations, and the yield per ton of coal 
is approximately 20 pounds. Data on pro- 
duction and sales of basic chemical mate- 
rials and derivatives at oven-coke plants in 
1968 are shown in table 33. 

Table 34 shows the heating value and 
coal equivalent of products other than coke 
produced at oven-coke plants. Although the 
quantities vary from year to year, most of 
the changes were due to differences in the 
amount of coal carbonized, rather than 
fluctuations in yields. In terms of heating 
value, the products, not including coke, 
recovered in 1968 were roughly equivalent 
to the heating value of about one-fourth 
of the coal carbonized in slot ovens. Table 
35 shows average values for the chemicals 
and surplus gas used and sold, compared 


with the unit values of the coke and breeze 
produced, from each ton of coal carbonized. 


COKE-OVEN GAS 


Coke-oven gas is one of the primary 
coproducts recovered in the carbonization 
of coal in slot ovens. After tar, ammonia, 
and light oil have been removed from the 
gaseous streams, coke-oven gas remains as 
the final product. Because it has a high 
calorific value producers use most of it as 
fuel for heating coke ovens and other steel- 
and allied-plant furnaces. Small quantities 
are also sold for distribution through city 
mains and other industrial uses. 

Generally, between 9,300 and 11,000 
cubic feet of gas is produced for each ton 
of coal carbonized at high temperatures 
in slot ovens. This equals from 14 to 16 
percent of the weight of the coals. In 1968, 
the yield of gas was 10,251 cubic feet per 
ton of coal, a decrease of 2 percent from 
the 1967 yield, due largely to lower yields 
in the far Western States. 

About 36 percent of the output was used 
at the plants to heat coke ovens. Gas used 
otherwise is called surplus gas and was 
used by producers to fire boilers, trans- 
ferred to steel or allied plants to heat open- 
hearth and other metallurgical furnaces, 
sold for industrial use or distributed through 
city mains. A small part of the production 
was wasted because storage facilities at 
most plants are limited and the gas was 
burned in the atmosphere when production 
exceeded demand. 

Furnace plants consumed almost all of 
their own surplus gas, mostly in steel and 
allied plants. Only 30 percent of the sur- 
plus gas at merchant plants was used by 
the producers. The rest, except for the 
small amount wasted, was sold commer- 
cially for distribution through city mains 
and for industrial use. The bulk of the 
furnace-plant gas sales were to industrial 
plants. Table 39 shows the quantities of 
various gases used to heat ovens in each 
State and the total gas consumption, in 
terms of coke-oven gas equivalent. Coke- 
oven gas was the principal fuel used for 
heating slot ovens, but blast-furnace gas, 
a mixture of coke-oven and blast-furnace 
gases, and natural gas were also used. Over 
400 billion cubic feet of coke-oven gas 
equivalent was so consumed, of which 77 
percent was coke-oven gas; 22 percent was 
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blast-furnace gas; and the remainder was 
natural gas and producer gas. 

Surplus coke-oven gas used and sold in 
1968 was valued at $133 million. This 3.5 
percent decrease from the 1967 value was 
due to the overall lower quantity, as the 
average value per thousand cubic feet 
actually increased slightly. No value is re- 
ported by producers for coke-oven gas used 
to heat coke ovens, but applying the aver- 
age value of $0.232 per thousand cubic 
feet reported for surplus gas to the gas 
used for underfiring, the total value of all 
coke-oven gas used and sold in 1968 would 
be $210 million. This value is equivalent 
to nearly one-fourth of the total value of 
the coal carbonized. 


COKE-OVEN AMMONIA 


Coal carbonized at high temperatures 
releases nitrogen, which oven-coke opera- 
tors recover as either ammonia liquor, a 
weak solution of ammonia (about 7 grams 
per liter of solution), or as a crystallized 
solid (ammonium sulfate and diammonium 
and monoammonium phosphate). This am- 
monia must be removed prior to further 
processing of the gas because it would 
otherwise form corrosive salts which would 
damage equipment or if allowed to be re- 
leased as a waste material would create 
stream pollution problems. 

Most of the coke-oven ammonia is re- 
acted with sulfuric acid to form ammonium 
sulfate. In 1968, 49 plants used 91 percent 
of the total ammonia recovered to produce 
670,000 tons of ammonium sulfate, and 
another 4 percent was treated with phos- 
phoric acid to produce 31,000 tons of 
diammonium phosphate at three plants. 
Nine plants recovered ammonia liquor, and 
six recovered no ammonia products at all. 

Table 40 shows production and sales of 
ammonia products and yields in 1968 in 
terms of sulfate equivalent. Compared with 
1967, the yield of ammonia declined 7 
percent, and total output also fell 7 percent. 

Sales of ammonium sulfate decreased 6 
percent and ammonia liquor sales were 
about the same as in 1967. The average 
value per ton, f.o.b. plant of ammonium 
sulfate decreased $5.93 per ton to $20.94, 
and the average plant values of diam- 
monium phosphate and ammonia liquor, 
decreased $0.28 per ton and $6.38 per ton, 
respectively. The total value of all ammonia 
products sold was $17 million, equivalent 
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to 7 percent of the total value of all coal- 
chemical materials sold. 


COAL TAR AND DERIVATIVES 


Crude coal tar is a black, viscous mixture 
of complex organic compounds that con- 
dense from the volatile matter when it is 
cooled. Most of the tar is recovered in 
collecting mains at the ovens when the gas 
is cooled by spraying with ammonia liquor; 
the remainder is recovered principally from 
the primary coolers when the gas under- 
goes further cooling. 

All oven-coke plants produce tar. How- 
ever, ylelds of tar vary widely among 
plants; in 1968 they ranged from 3.75 to 
11.30 gallons per ton of coal carbonized, 
and averaged 8.45 gallons. Generally, from 
4 to 5 percent of the weight of the coals 
carbonized is recovered as tar. High-volatile 
coals evolve a larger percentage of tar; 
hence, California, Colorado, Utah, West 
Virginia, and Pennsylvania, which used the 
most high-volatile coal in their blends, had 
the highest tar yields. Conversely, plants 
using higher percentages of low- and 
medium-volatile coals and anthracite, such 
as those mainly producing foundry coke, 
had the lowest yields. 

Production of coal tar at oven-coke 
plants in 1968 decreased 2.5 percent from 
1967 principally because less coal was 
carbonized. The average yield of tar de- 
creased slightly, 8.45 gallons per ton of 
coal as compared with the yield of 8.53 
gallons in 1967. Table 41 shows the quan- 
tities of tar produced, used by producers, 
sold, and in stock in the various States at 
the end of 1968. 

Coke-plant operators used 54 percent of 
the tar produced in 1968. Of this quantity, 
73 percent was processed (refined or 
"topped" ), 26 percent underwent no proc- 
essing and was burned for fuel, and 1 per- 
cent was used for miscellaneous purposes, 
such as tarring ingots, road materials, and 
tar paints. The remaining 46 percent of 
the production was sold, principally to tar- 
distilling plants which refined it to produce 
many tar derivatives. 

Of the 13 coke plants that processed tar 
in 1968, seven topped their tar. In so doing, 
the low-boiling distillate fraction, consisting 
mainly of tar acids, bases, and naphtha- 
lenes, is separated from the crude tar. The 
residue, or soft pitch, is usually burned as 
fuel. Furnace plants in particular benefit 
from this procedure because they can sell 
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the distillate and retain the pitch for use as 
fuel in open-hearth furnaces. This reduces 
the amount of other fuels that normally 
have to be purchased. However, the rela- 
tive quantities of tar topped and burned, 
as well as the quantities sold, depend upon 
a number of economic factors, such as the 
availability and current market prices of 
tar, tar distillates, and other substitute 
fuels. All of the merchant-plant tar produc- 
tion was sold because these plants have no 
use for the pitch which makes up the bulk 
of the products recovered through topping. 

The majority of the plants that processed 
tar in 1968 recovered only crude chemical 
oil and a residual tar or soft pitch. How- 
ever, some of the larger plants, recovered a 
number of other tar derivatives, including 
creosote oil, cresylic acid, cresols, naphtha- 
lene, phenol, pyridine, and medium and 
hard pitch. Statistics on some of these 
products could not be shown in this report, 
but the data were transmitted to the 
U.S. Tariff Commission which published 
them, along with similar data from tar 
distillers and petroleum refiners, in monthly 
and annual reports on synthetic organic 
chemicals. 


CRUDE LIGHT OIL AND DERIVATIVES 


Light oil is a light-colored liquid, com- 
posed of a number of aromatic hydro- 
carbons, that is extracted from the gas after 
tar, ammonia, and, in some instances, 
naphthalene, have been removed. Crude 
tar also contains a small amount of light 
oil, but this usually is not recovered by coke 
plants. Virtually all light oil produced at 
coke plants is recovered by an absorption 
process in which the gas is sprayed with 
a higher boiling petroleum oil as the gas 
stream is channeled through absorption 
towers. After recovery, light oil is separated 
from the absorption oil by direct steam dis- 
tillation. Approximately 3 gallons of light 


COKING 


Quantity and Value of Coal Carbonized. 
—The carbonization of bituminous coal 
for coke production is currently the second 
largest end use of this fuel. Only electric 
utilities, whose annual consumption of bitu- 
minous coal generally absorbs about half of 
the production, ranks higher in usage. In 
1968 coke producers charged 91 million 
tons of bituminous coal, one-sixth of the 
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oil, equal to 1 percent of the weight of the 
coal, is recovered for each ton of coal 
carbonized. Yields vary, of course, with the 
kinds of coals carbonized and with operat- 
ing conditions, but an average of 2.65 
gallons of light oil was recovered at the 
plants that extracted light oil in 1968. Most 
plants recover light oil, but a few plants 
which find it uneconomical to remove the 
light oil, leave it in the gas to be burned as 
fuel. Yields per ton of coal increased 
slightly at merchant plants, but decreased 
by nearly three-tenths of a gallon at fur- 
nace plants. 

Producers sold 39 percent of their output 
in 1968. The large increase in light-oil sales 
in recent years is attributed principally to 
the inability of some plants to produc. 
derivatives, particularly benzene, that meet 
the more rigid specifications established for 
these products. Such plants sell light oil to 
petroleum-refining companies which process 
it along with petroleum fractions into ben- 
zene and a number of other chemical 
intermediates. Data on light oil and total 
derived products produced and sold in the 
various States are shown in table 42. 

In the older light-oil-refining facilities at 
coke plants light oil is refined by fractional 
distillation at atmospheric pressures, but in 
plants built in recent years, catalytic- 
pressure refining is employed to produce 
benzene, toluene, xylene, and solvent naph- 
tha. As with other coal-chemical materials, 
ylelds vary somewhat, but approximately 
85 percent of the light oil processed is 
recovered as salable products. Average 
yields of light-oil derivatives increased in 
1968. Average yields for 1968 and prior 
years are shown in table 43. 

Table 44 shows the quantities of the 
various grades of benzene and toluene 
produced at coke plants, while table 45 
shows the principal light-oil derivatives 
produced and sold and yields of the various 
products by State. 


COALS 


total bituminous coal produced, into coke 
ovens. An additional 532,000 tons of an- 
thracite was blended with bituminous coal 
at oven-coke plants and carbonized, chiefly 
to produce foundry coke. 

The average value per ton for all coals 
carbonized at oven-coke plants was $10.01 
compared with an average value of $5.71 
per ton for the coal carbonized at beehive 
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ovens. The difference in value was attrib- 
uted mainly to transportation charges for 
coal shipped to oven plants, as virtually 
all beehive plants are located at the mines 
where they obtain their coal. In some in- 
stances transportation charges exceed the 
value of the coal at the mine, and this 
partially accounts for the high values of 
coals used at plants in the Western States, 
most of which receive shipments of low- 
volatile coals from the East. 

The overall average value per ton of the 
coals carbonized at both oven- and beehive- 
coke plants was 1 cent less than in 1967. 
While coal costs increased in most States, 
they did not increase sufficiently to offset 
the more sizable cost decreases of coal in 
Kentucky and Pennsylvania. 

An overall average of 1.43 tons of coal, 
valued at $14.33, was required for each 
ton of oven coke produced in 1968. Beehive 
ovens required an average of 1.64 tons of 
coal per ton of coke production, but coal 
costs averaged only $9.34 per ton of coke 
because of the lower value of the coal 
delivered to beehive ovens. 

Tables 22—25 present data on the coals 
carbonized at oven and beehive plants. 


Blending.—The production of high-qual- 
ity coke requires the use of coal with 
certain special characteristics. Since all of 
the desired properties are not inherent in 
an individual coal, it becomes necessary to 
blend coals, exploiting the most favorable 
traits of each in a carefully balanced mix- 
ture. Thus, coals are selected and combined 
in order to improve the chemical and 
physical properties of the coke, control the 
pressure developed in slot ovens during 
carbonization, regulate the yield of prod- 
ucts, and broaden the use of inferior coals. 
The usual procedure followed is to blend 
relatively small proportions of low-volatile 
coal with high-volatile coal. The exclusive 
use of high-volatile coals would result in a 
weaker coke and lower yields. The addition 
of low-volatile coals improves the yield and 
the physical structure of the coke. However, 
restrictions on the proportions of low- 
volatile coals used as necessary because 
they are highly expanding and, if used 
alone or in large proportions in the coal 
mix, would damage the oven walls when 
coke was discharged from the ovens. Some 
plants add medium-volatile coals or other 
materials, such as anthracite or coal-tar 
pitch, to their high- and low-volatile coals. 
The addition of medium-volatile coals can 
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regulate the volatile matter in a mix to the 
desired content, while anthracite and coal- 
tar pitch are used to impart special prop- 
erties to the resulting coke. 

Some coals are unsuitable for the produc- 
tion of coke because they contain excessive 
amounts of sulfur. These coals still may be 
utilized to some extent if they are blended 
with low-sulfur coals. This is permissible 
if the low-sulfur coals compensate for the 
excess in the high-sulfur coals, maintaining 
the total sulfur at a level no higher than 
normally used for the production of coke 
of high quality. 

The relative quantities of high-, medium-, 
and low-volatile coals blended by coke 
producers are fairly constant, with little 
variation from year to year at individual 
plants. From plant to plant, however, a 
wide range of blends is employed. In 1968, 
high-volatile coals were carbonized most 
extensively in West Virginia and the Far 
West, while Minnesota and Wisconsin used 
fairly large percentages of low-volatile 
coals. The largest proportions of low-volatile 
coals were used at merchant plants to 
improve the strength of the foundry coke 
which makes up the bulk of their output. 
Table 26 shows the average volatile-matter 
content of the coals carbonized at oven- 
coke plants, and table 27 shows the volatile- 
matter content of the coals received by 
oven-coke plants in the various States. 


Sources.—Although 22 States produced 
bituminous coal (excluding lignite) in 
1968, only 10 shipped coal to coke plants. 
Of this number, five States ( Alabama, Ken- 
tucky, Pennsylvania, Virginia, and West 
Virginia) supplied 91 percent of the total. 
The remainder was supplied by Colorado, 
Illinois, New Mexico, Oklahoma, and Utah. 

Of the coals received by oven-coke 
plants, 39 percent was produced in West 
Virginia and 29 percent in Pennsylvania. 
West Virginia shipments were principally 
low-volatile coals from McDowell County, 
and high-volatile coals from Logan, Marion, 
and Fayette Counties. Pennsylvania ship- 
ments were principally high-volatile coals 
from Washington, Greene, and Allegheny 
Counties, and low-volatile coals from Cam- 
bria County. 

Illinois supplied more than 1.5 million 
tons of high-volatile coal to coke plants in 
Illinois and Indiana. This coal was blended 
with larger proportions of high-rank Eastern 
coals that were shipped principally from 
Kentucky, Virginia, and West Virginia. 
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Most of the coals carbonized in Cali- 
fornia, Colorado, and Utah were produced 
in the latter two Western States. In most 
instances, plants in the Western States also 
received shipments of West Virginia low- 
volatile coals that were used for blending. 
Tables 28 and 29 show the origin of the 
coals received by oven-coke plants in 1968. 

The coke industry received 58 percent 
of its coal from company owned or affiliated 
mines in 1968. Most of the captive mines 
are owned by iron- and steel-producing 
companies. In 1968, 60.3 percent of the 
total coal received by furnace plants was 
captive. Merchant plants received 34.4 
percent of their coal from company owned 
or affiliated sources. Table 30 shows the 
quantities and percentages of captive coal 
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received by oven-coke plants for 1968 and 
several prior years. 


Stocks.—Producer’s month-end stocks of 
bituminous coal at oven-coke plants, which 
averaged 11 million tons during the first 6 
months of the year, began declining in June 
and at the end of December were 13 per- 
cent lower than at the end of 1967. 
Bituminous coal stocks at merchant plants 
were sufficient for 50 days supply at the 
December rate of production; furnace 
plants had coal sufficient for 40 days supply. 

Stocks of anthracite amounted to 154,000 
tons at the end of 1968, a decrease of 3,000 
tons from those of 1967. Tables 31 and 32 
show month-end stocks of bituminous coal 
and anthracite at oven coke-plants. 


TECHNOLOGY 


The major emphasis of research and 
development work on coal carbonization 
in 1968 was directed toward reducing 
carbonizing costs, improving coke quality 
and increasing oven productivity. More in- 
tensive efforts were made to develop equip- 
ment and establish techniques to reduce 
atmospheric and stream pollution. Work 
continued on developing methods or proc- 
esses of producing metallurgical coke from 
noncoking coals. 

One of the more important innovations 
for reducing coke production costs in re- 
cent years has been the installation of 
high-capacity or large ovens. These ovens 
range in height from about 16.5 to 20 
feet and average about 60 percent greater 
in capacity than the usual 13-foot-high 
ovens. These ovens incorporate several 
novel features, such as high-conductivity 
oven brick, oven walls that decrease in 
thickness from the pusher side to the coke 
side and a readily controllable multilevel 
burning system. 

The largest construction program for 
these large capacity ovens is one by Bethle- 
hem Steel Corporation at its Lackawanna, 
N.Y., plant. The 76 new ovens will be 
one-third taller than any of the 535 coke 
ovens now operating at the plant. 


Operating experience with high ovens 
as of 1968, has demonstrated that— 

1. Tall ovens can be operated at a fast 
coking rate; that is 1.2 inches per hour 


with both coke oven and blast furnace gas 
underfiring. 


2. Operating equipment (pusher ma- 
chine, etc.) for the tall ovens has given 
satisfactory service. 

3. The faster coking rates on the tall 
ovens result in smaller size coke being 
produced. 

4. Reduction in costs per ton of coke 
produced is achieved through increased 
productivity. 

Considerable research in the control of 
water pollution at coke plants was con- 
ducted during the year. Initial steps were 
taken by Interlake Steel Corporation in 
its goal of a total recirculation system. A 
closed recirculating system was installed at 
the coke quenching operation. The com- 
pany also installed a closed recirculating 
system and naphthalene removal system at 
the final coolers. 

Bureau of Mines research during 1968 
was directed toward appraising the extent 
and availability of metallurgical quality 
coals in the United States in conjunction 
with surveys of deposits of low-sulfur coals. 

The Bureau also intensified its efforts to 
obtain a more uniform quality of coke from 
Western coals by using different types of 
blending operations. The Bureau’s pilot- 
plant research of carbonizing coal from the 
low-sulfur areas of southern Illinois proved 
that these coals blended with eastern coals 
provide a satisfactory metallurgical coke. 
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Table 2.—Statistical summary of the coke industry 


in the United States in 1968 
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Slot Beehive Total 
ovens ovens 
Coke produced: 
At merchant plant thousand short tons 5,879 (2) (2) 
At furnace plants )))) do- 6,999 (3) (3) 
/// u ⁰ O do 62,878 775 63, 653 
JBréeze prodúeed ul l u u. uu u ee ces ete do.... 4,074 25 4,099 
Coal carbonized: 
Bituminous: 
Thousand short tons 89,49 ,268 90,765 
Value (thousands) $895,097 $7,287 $902, 834 
Average per toůop nn $10.00 $5.71 $9. 94 
Anthracite: 
Thousand short tong aMMa 5327 ege 682 
Value oe) UE TERES EE EE $6,198 ........ $6,198 
Average per ton 1188 `... $11.65 
Total: | 
Thousand short tons ss 90 ,029 1,268 91,297 
Value 55 7õͤ 8 3901, 295 37,237 $908, 582 
rr ee ee Su D ss $10.01 $5.71 $9. 95 
Average yield in So celt of total coal carbonized: 
Coko EE eal seen ee bees 69.84 61.12 69.79 
Breeze (at plants actually recovering)...............-.-......- 4.53 6.87 4.54 
Coke used by producing companies: 
In blast furnaces: 
Thousand short Gong... 53,812 ........ 58,812 
Value (thousands) 2 $944,527 _.2....-- $944,527 
In foundries: 
Thousand short tons sg 883 ........ 883 
Value (thousands) t 318, 5844 $13,564 
For other indus uses: 
ousand short tons LLL LL Llc LLL lle ũ•⅛:2— 592 mus 692 
Value (thousands) ))) $5,496 ........ $5,496 
Breeze used by producing companies: 
In steam plants: 
Thousand short tons 508 ........ 508 
Value (thousands) e $3,021 ........ $3,021 
In pomo erating plants: 
housand short tons iude e ees 1,684 ........ 1,684 
Value (thousands) $11,694 ........ $11,694 
For other industrial uses: 
housand short Gong... ee | 59 589 
Value (thousands) -“ 34, 430 $4,480 
Coke sold (commercial sales): 
To blast furnaces: 
Thousand short Gong... 3,345 570 8,915 
Value (thousands) -e 354, 83 $8,636 $63,478 
Average per EE $16.29 $15.15 $16.21 
To foundries: 
Thousand short ton 2,934 80 2,964 
Value (thousands) $95,127 $212 $95,339 
Average Der EE $32.43 $6.80 $32.16 
To other industrial plants: 
Thousand short tons__............---------------.------ 1,888 174 2,057 
Value (thousands) $30,071 $2,581 $32,652 
Average per .. ee ed $15.97 $14.88 $15.87 
For residential 
Thousand short d GE 114 3 114 
Value %C VVV 32,041 (4 $2,041 
Average per ton $17.96 (9 $17.96 
Breeze sold (commercial sales): 
Thousand short tons 1,338 26 , 364 
Value (thousands)............-....-...-.---..---------- $10,844 $202 $11,046 
Average per ton. $8. 87.77 $8.10 


See footnotes at end of table. 
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Table 2.—Statistical summary of the coke industry 
in the United States in 1968'—Continued 


ovens ovens 
Coal-chemical materials produced: 
Crude tar: 
Thousand gallon 2L. L2 eee ee 760,761 ........- 766,761 
Gallons per ton of eoal e eee 8.45 ........ 8.45 
Ammonia: 
Thousand short tons 78 768 
Pounds per ton of eoaallllIVsss ee 17.0 17. 06 
Crude light oil: 
Thousand gallon s 238,88 238, 887 
ë Gallons per ton of co81....................... ll cllc... .. 2.05. 2 zs 2.66 
88: 
Million cubic feet᷑ HH 922,910 ........ 922,910 
Thousand cubic feet per ton of coal 10.25. -oesau 10.25 
Percent burned in coking process 35.96 ........ 85.96 
Percent surplus used or sold 62.35 2.562225 62.35 
Percent wasted... ...... 2 2 cL LL cca esae cesses 1.69 ........ 1.69 
Value of coal-chemical materials used or sold: 
Crude tar and derivatives: 
Used NOD ĩͤ TUE thousands $28,015 ........ 328, 015 
S%ö·;51oLẽ ð%»ͤ ð—ͤ h k Mec do 363,765 363, 765 
Ammonia products hl ln ees $17,505 ........ $17,505 
Crude light oil and derivatives 7____ -2--------- - $38,479 ........ $38,479 
Surplus Pab- oon oon é dd d Ee RE ews Kee $183, 486 __...._- $133, 486 


1 Data may not add to totals shown because of independent rounding. 

2 Not separately record 

s Plants associated with. iron-blast furnaces. 

s Combined with coke sold To foundries” to avoid disclosing individual company data. 

5 In terms of sulfate equivalent. 

6 Includes ammonium sulfate, ammonia liquor (NH; content), and diammonium phosphate. 
1 Includes intermediate light oil. 


Table 3.—Summary of oven-coke operations in the United States in 1968, by States 


Coal Yield Coke 

Plants in carbonized of coke produced 

State existence (thousand from (thousand 
Dec. 31 ? short coal short 
tons) (percent) tons) 


„ee, ee de Se e ae E A E 7 7,710 70.84 5,462 
California, Colorado, Utah... -22-22-22-22 8 5,022 68.19 8,174 
Connecticut, Maryland, New Jersey, New York..............- 6 10,896 69.75 7,599 
Ino. o. u pul A ee eae ⁰⁰ ⁵ĩ CE. 5 67.28 2,074 
(KN TT NEE 5 11,641 š 8,144 
red Missouri, Tennessee, Texas 5 2,898 69.00 2, 
2% pero ĩ é E aes 8 4,986 78.89 8,683 
Minnesota and Wis con gg 3 1,090 71.46 
D RESTO NIU EEN 12 12,000 70.28 š 
P KN, EE 12 25 , 764 70.29 18,110 
West Virgina ee Ee 3 4,939 68. š 
hh ĩð2Aſ 64 90,029 69.84 62,878 
At merchant plants. ............. . . . l.l LLL c cL LL lll c leal -- 16 8,259 71.18 5,879 
At furnace plants 48 81,770 69.71 56,999 
e ³ðV0üi. m·m é 66 91,428 69.76 68,775 


1 Data may not add to totals shown because of independent rounding. 
3 Excludes plants retired permanently during year. 
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Table 4.—Summary of beehive-coke operations in the United States in 1968, by States’ 


Coal Yield Coke 
Plants in carbonized of coke roduced 
State existence (thousand from coal (thousand 


Dec. 31 ? short tons) (percent) short tons) 


// oe Sh et eua 4 585 60.77 855 

Kentucky, Virginia, West Vireinig -.--------.---------- 3 683 61.42 419 
Total: 

1968 EE e cL 7 1,268 61.12 775 

///ö§ö»§% ͤ- r ¾ K a a 16 1,372 58.72 806 


1 Data may not add to totals shown because of independent rounding. 
2 Excludes plants retired permanently during year. 


Table 5.—Production of oven and beehive coke in the United States, by months 


(Thousand short tons) 


1967 1968 
Month Daily Daily 
Total aver- Total aver- 
age age 
OVEN COKE 
B DITS dC —Á— rÓ— o —— 5,457 176 5,602 181 
FeDFURPV.. see ß a See e ee 5,000 172 5,852 185 
a e EE 5, 557 179 5, 686 188 
KK, EE 5,316 177 5,529 184 
J///Gͥͥͥã ² eee een san t Eine D EUM E LEE 8 5,398 174 5,692 184 
JJ ⁵ð“-. ⁵ĩÜÜ6 ³⁰¹oõeõ ³ðͤ dd yt em 5,102 170 5, 468 182 
eene 5,108 165 5,453 176 
X OL Ae äñꝶi!l- n m y 5, 209 168 5, 046 163 
Sek ð —k 8 5,155 172 4,633 154 
S ³ð»¹.¹ meus eco u 8 5,418 175 4, 618 149 
// ꝙ²˙⁰yã⁊ / ³ Z ͥͤã y eee es 413 180 4,669 156 
NEE 5,647 182 5,137 163 
16ù»n2wꝰ“%ö f hxc os s i 63 , 775 174 62 ,878 172 
BEBHIVE COKE 
n,, ß . e ee. 116 4 74 2 
NebPHARVL.o eec u Eeer 89 3 69 2 
CJ ͥ ]ẽͤÜUE dſ́ſ ⁵⁰•u 0 albus uui Mx LL EL 60 2 79 3 
ADM... cese c rca oue EM dad D 57 2 81 3 
OY T Su ro a ee ERR eee ER 56 2 82 3 
C77 WW... Se ĩ— 8 53 2 72 2 
! ⁰»AVbUi ͤë r uc DULL 46 1 64 2 
CCCCCVVôöͤ·Ü ²ĩ˙ Hcr 58 2 60 2 
e,, ß ß e cease oot 54 2 51 2 
)) ³ðWſ/ͥͤ ͥ ⁰ͥ⁰²m EE 72 2 46 1 
%Vb00ũõĩ]ð⅛;ðv²g. ³⅛ðA ⁵ð - ¾ wm y E eases 72 2 46 2 
eee ß e D QE. 73 2 49 2 
C))... eek êßßk; 0» e LM eee 806 2 775 2 
TOTAL 
%] EE 5, 578 180 5, 676 183 
February- ĩʃ⅛ i ͤ ⁵³ ³ AA y A y ose seas „089 175 5,421 185 
Cl ͥ ⁰•.u r. ³ y eek 5, 616 181 5, 765 186 
/ ²˙àJVVVyyJ%yyJyyyadàſe//d/à//!!!!! CM ED este eee 5,374 179 5,610 187 
AE 5,455 176 5,774 186 
ö ³Ü0Ü¹.ͥ ͥ ͥ ⁰ ⁰ ⁰mmH ðé—ͤ y é 5,154 172 5, 540 185 
ff.. ddp ññ D oc AL Die LE 5, 158 166 5,517 178 
AUSUNL elec é ¼¼¼l¼;Iä.ʒ!ññ1!ʒ. s dias ecu EL CM Met 5,267 170 5, 106 165 
September. lu l ñ xxx mtr 5, 209 174 4, 685 156 
%!!! 5, 485 177 4, 660 153 
NOV@M ber: e Z ⁵ 55 ʒp é ³ km EE eed E et 5,486 183 4,716 157 
PP EE 5,720 185 5,186 167 
ToU :2-5-2122222225 è kß A Zuna oss 64,580 176 68,653 174 


1 Data may not add to totals shown because of independent rounding. 
2 Daily average calculated by dividing monthly production by number of days in month. 
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Table 6.—Production of oven coke in the United States, by type of plant? 


(Thousand short tons) 


1967 1968 
Month Mer- Furnace Mer- Furnace 
chant plants chant plants 
plants plants 
PRODUCTION 
§éê p T ERE 558 4,899 524 5,071 
CT e T. EEN 495 4,505 510 4,842 
Maren mm e ß — (— HF 545 5,011 527 5,159 
ON) «| (ean ce Ne ltt rien CCP 517 4,799 508 5,021 
CQ MN Htec RS PEE SCA eee eee NE EAE TETE 528 4,870 515 ; 
DUNC POE ro. 511 4,591 516 4,952 
D LIESE 499 4,608 504 4,948 
HMR ee 511 4,697 454 4,591 
ie l... Eel amem OR ESI EE e E 490 4,665 417 4,216 
G y ⁰⁰kʒ nee 521 4,892 443 4,171 
November- ůöõ ⁰ / 515 4, 898 462 4, 206 
PPP] » /ͥ Gêuvß -f ud y Meee LE 528 5,119 499 4,638 
Total ca es chs sum ee ³ 8 6,220 57, 555 5,879 56,999 
DAILY AVERAGE 
JADURIV. ¿ul oc Sele cs ease kee ³⅛Ä³ Qua LL SE 18 158 17 164 
,,, ß e a S a 17 155 18 167 
NEE 18 162 17 166 
EE apna moe eens ß e a u 17 160 17 167 
BY eS a Se eae er EP x ae OT 17 157 17 167 
^ pore COUCHES 17 153 17 165 
LY he pk TE E I ter E aes ane 8 16 149 16 160 
AUPUSR eee c3 Soe (t wm. see 8 16 152 15 148 
Septembers2 5) eee heh i ae E d 16 156 14 141 
e ße . ES 17 158 14 136 
/ ã ·⁰˙ 255-2220 9 y . S aE 17 163 15 140 
D ³oð:ꝛuu0;uuõ ³owimyͥ 0ͥ ͥ¶ͥͥ⁰ð⁰ m ð aan aes 17 165 16 150 
Average for ea 17 157 16 156 


1 Data may not add to totals shown because of independent rounding. 


Table 7.—Production of oven coke and number of plants 
in the United States, by type of plant 


Number of Coke produced Percent of 
active plants ! (thousand production 
Year short tons) 


Merchant Furnace Merchant Furnace Merchant Furnace 
plants plants plants plants plants plants 


.. 17 47 6,336 54,578 10.4 . 

I ð A ce Na qe SER oie 17 48 6,673 58,524 10.2 89.8 
. y 16 50 6,377 59,588 9.7 90.3 
EE 16 50 6,220 57, 555 9.8 90.2 
1908... . ͤ ⁵ cee dS 16 48 5,879 56,999 9.4 . 6 


1 Includes plants operating any part of year. 
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Table 8.—Production of coke in the United States, by States’ 


(Thousand short tons) 
State 1967 1968 
Oven coke: 

Ale DOING Toi curl p e e a SSS 5,465 5,462 
California, Colorado, Uta 3,076 8,174 
Connecticut, Maryland, New Jersey, New York.....................- 8,486 7,599 
DIN Su en LL IL eue uL EL es na DE 2,861 2,074 
KN Ch. TEE 8,293 8,144 

Kentucky, Missouri, Tennessee, Texas. -` sss 2,004 
det -. —. cl EE 8,309 3,684 

Minnesota and Wisconsin... -2-222222 aaaaaaaaaaaaaaaaaannaaMnMM 958 
(EE AEE I Se dy k HP nS 8,081 8,428 
Pennsylvania 18,433 18,110 
West ME 8,309 3,360 
dsl MERE ß. ESE Sed OREM NTS em 68,775 62,878 

Beehive coke: 

Peñnnsylvënia. L. uu u u uuu ß ewe ew eee ces 346 355 
JJJJJJCõ˙—Ü6Üõ⁴ſſuddꝗꝑd k- ð ß m 8 2460 419 
e p p ß C ee is 806 775 
eren, e ß e E LE DSL SO 64, 580 63, 653 


1 Data qun no: add to totals shown because of independent rounding. 
? Includes Kentucky and West Virginia. 
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Table 9.—Breeze recovered at coke plants in the United States in 1968, by States’ 


(Thousand short tons and thousand dollars) 


State 


Oven coke: 


California, Colorado, Utah........- 
Connecticut, Maryland, New Jersey, 


ndiana 
Kentucky, Missouri, Tennessee, 
eege oh EE ue 
Michigan 
i and Wisconsin 
O) CS ua una S aa ( eet 


Total 19o6ep 
At merchant plants 
At furnace plants 

Total 1967... ........---..--- 


Eee seal x "M 
ennsylvania an rginia......... 
Total 19079. ee 


Oven coke: 
y je, m —Á — 


Texas 
Michigan.......... loro 
Minnesota and Wisconsin 
S ¹ðràAAAAͤͥ TS zs 


IPRIDIR l a 
Undistributed..... 


Total 1968 
At merchant plants. 
At furnace plants 

Total - 1967... ---------2-- 


Hee a iy 
en vania and Virginia 
Total 190175... lu oom 


1 Data may not add to totals shown because of independent rounding. 


3 Calculated by dividing production by coal carbonized TH reni actually recovering breeze. 
3 Included with ‘‘Undistributed” to avoid disclosing indi 


dual company data. 


4 Includes some breeze resulting from the screening of coke at blast furnaces. 


s Less than 
6 Includes 


t. 
entucky and West Virginia. 


Produced Used by producers 
Yield per 
ton of In steam plants In agglomerating 
coal ? Quantity plants 
(percent) —  TD.—o L < r — h, 
Quantity Value Quantity Value 
6.27 484 (3) (3) 128 $786 
5.57 S/ AA soos 196 1,764 
5.17 563 278 $1,595 (3) (3) 
5.10 157 81 131 81 695 
5.07 591 (3) (3) 378 2,200 
5.72 166 (3) (3) (3) (3) 
4.48 223 (3) (3) (3) (3) 
7.26 79 (3) (3) (3) (3) 
4.20 504 57 493 35 284 
3.10 798 71 411 579 4,362 
4.64 229 (3) (3) (3) (3) 
3 76 391 236 1,453 
4.53 4,074 508 3,021 1,634 11, 545 
Bette, cabs hea 126 „ SZ SSS Sa 
35 382 2, 285 1,634 11,546 
4.40 4,025 594 8,999 1,695 11,594 
6.87 2D eects... Bele” aes AAA 
7.01 //J;õͥõ ]˙ n Neon NUR DEA 
Used by producers Sold 
For other On hand 
industrial use Dec. 31 
Quantity Value Quantity Value 
28 $226 862 $4,137 19 
18 142 80 69 27 
109 1,237 67 463 449 
15 83 (3) (3) 25 
104 708 95 585 42 
(3) (3) 130 1,046 8 
81 217 478 98 
54 238 (3) (3) 59 
100 606 888 2,290 121 
75 507 104 498 167 
(3) (3) (3) (3) 1 
55 466 106 109. ( zs 
589 4,480 1,388 10,844 41,012 
102 275 2,102 192 
487 8,795 1,063 8,742 820 
517 8,393 ,229 10,532 11,000 
yee Pes am ta cc Rue 28. 22 2n 3 
J; Ä 21 44 (5 
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Table 10.—Oven- and bechive-coke breeze used and sold in the United States, by uses 


(Thousand short tons) 


Used by producers 


— Average 
Year In In agglom- For other Sold value 
steam erating industrial per ton 
plants plants use 
1964 ——— — —— UNDER ³ y ⁵⁰⁰ oe V S. 632 1,764 434 1,116 $7.44 
17 ³W¹-A ] TH 642 1.744 427 1,312 7.56 
e EES 1,873 505 1,172 7.27 
1J))!.kõ.;örw ³ Kd ⁵ ⁵ ⁵⁰ ⁵⁰ 8 594 1, 695 517 1,250 8.46 
1958. o !!!'!!i!i:¼fh!. uu ui ee aa sau as 508 1,634 589 1,364 7.34 
Table 11.—Apparent consumption of coke in the United States 
(Thousand short tons) 
Consumption 
Net Apparent——əə,səoy=——— N 
Total Im- Ex- change con- In iron All other 
Year produc- ports ports in sump- furances 2 purposes 
tion stocks tion! ———————- ————————— 
Quan- Per- Quan- Per- 
tity cent tity cent 
/, ce eee 62,145 103 524 | —913 62,637 57,063 91.1 5,574 8.9 
//, 88 66,854 90 834 +731 65,379 659,072 90.4 6,307 9.6 
1986... 8 67,402 96 1,102 +876 66,019 59,637 90.8 6,388 9.7 
137 8 64, 580 92 710 ＋2, 390 61,572 56, 205 91.3 5, 367 8.7 
19681. uz 8 63,658 94 792 +617 62,438 56,238 901 6,200 9.9 
1 Production plus imports minus exports, plus or minus net change in stocks. 
2 American Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 
Table 12.—Coke and coking coal consumed per short ton of pig iron 
and ferroalloys produced in the United States 
Coke per Coking coal 
short tons of Yield of per short tons 
Year ig iron and coke from of pig iron and 
Ier oalloys 1 coal erroalloys 
(pounds) (percent) (pounds 
calculated) 
GE 1,323.6 69.6 1,901.7 
DG s SENA uoc hin ar s S E x 1,329.5 70.1 1,896.6 
LUTTE 1,300.6 69.9 1,860.7 
Ee 1,287.8 69 .6 1,850.2 
1d ³ S ⁵ ⁵⁵⁵ 88 1,263.4 69 1,810.0 


1 American Iron and Steel Institute; consumption of pig iron only, excluding furnaces making ferroalloys, 
was 1,310 pounds in 1964, 1,312 in 1965, 1,282 in 1966, 1,262 in 1967, and 1,248 in 1968. 
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Table 13.—Oven coke produced in the United States, used by producers, 
and sold in 1968, by States 


(Thousand short tons and thousand dollars) 


Used by producing companies Commercial sales 
Produced In blast For other To blast-furnace 
State furnaces purposes 2 plants 


Quantity Quantity Value Quantity Value Quantity Value 


Alabama. o eo Sie ee -5,462 3,425 $55,882 472 $5,428 501 $7,678 
California, Colorado, Uta 8,174 2,941 79,098 14 VE 
Connecticut, Maryland, New Jersey, 

New Lor... 7,599 6,421 118,329 49 448 985 17,446 
ie S ⁰ 2,074 2,019 43, 286 76 2,0835. ;öÜͤö ᷣͤ xz 
Indiana... .. . ct ee 8,144 7,467 121,225 18 189 (3) (3) 
Kentucky, Missouri, Tennessee, 

ac Ee 2,000 ( (3) (3) (3) (3) (3) 
Michigan 3, 684 ^ 3 80 9 “eevee: eee 
Minnesota and Wisconsin.......... 844 3 3 (3 3 (3) (3) 
G. ³ow CREER E iucesis 8,428 7,224 119,900 137 2,797 440 7,531 
P Ivani aaa 18,110 16,747 282, 420 22 283 4,708 
West Virginia 8,360 2,999 657,572 (3) (S) 7. — usse Jwadcuds 
Undistributed....................-  ....... 4,068 66,815 198 6,581 1,136 17,478 

Total 1968888 62,878 658,812 944,527 974 19,060 8,845 54,887 
At merchant plants (// A aadosai 248 6,047 2,288 37, 505 
At furnace plant᷑s . 56,999 53,312 944, 527 784 138,018 1,057 17, 332 
Total 196777 63,775 68, 304 892, 205 712 138, 497 3,244 52,856 
Commercial sales—Continued 
To foundries To other For residential Total 


industrial plants heating 


Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 


Alabama 557 wf 864 869 $5,698 9 $128 1,486 $81,359 
California, Colorado, Utah.......... (3) (3) (8) (D ae. ¿s ss 250 4,610 
Connecticut, Maryland, New Jersey, 

ee C ieee 415 18,920 a 8 ; 89 i 739 1 as ice 

"ol ssi ot cu EE EE Sesed. GSSs 
Ian (3) (3) (3) (3) (s) 33 597 14,851 
Kentucky, Missouri, Tennessee, 

7) ( eae (3) (3) 96 1,712 (> (3) 1,865 265,871 
Michiga (3) (3) (3 ) | o Q 99 12,048 
Minnesota and Wisconsin. ......... (3) t) (3) (3) 8 3 528 15,978 

BEE (s) d 184 3,044 (8 3) 990 22,620 
Pennsylvania (3 (3 263 5,882 (3 3) 888 19, 
West Virginia 2222. ------ (3) (3) 53 330 1,494 
Undistributed....................- 1,962 $68,348 871 11,766 65. 179. / e 

Total 1968 Ee 2,984 295,127 1,883 30,071 113 2,041 8,275 182,076 
At merchant plants 2,673 86,127 719 14,456 112 2,008 5,793 140,090 
At furnace plante 261 9,000 1,164 15,615 1 98 2,482 41,986 
Total 19 s ..... 2,845 92,176 1,189 20, 415 85 1,477 7, 864 166, 924 


1 Data may not add to totals shown because of independent rounding. 
her purposes 883,000 tons valued at $13,564,000 used in foundries; 591, 000 tons valued at $5,496,000 fo 
other purpo 
3 Included with '"Undistributed" to avoid disclosing individual company data. 


COKE AND COAL CHEMICALS 429 


Table 14.—Production and sales of beehive coke in the United States, in 1968, by States 


(Thousand short tons and thousand dollars) 


Commercial sales 


Produced 
State To blast-furnace plants To foundries 

Quantity Quantity Value Quantity Value 
Pennsylvania 355 287 $4,233 80 $199 
ot, a uc g a eee 419 283 4,403 1 13 

Total: 
. ·¹’ww aa 775 570 8, 636 31 212 
19617. E 806 806 8,458 17 215 
Commercial sales—Continued 
To other For residential Total 
industrial plants heating 
Quantity Value Quantity Value Quantity Value 
Pennsylvania. ............-.-----...- 40 $460) 2:2 xmixez 356 $4,892 
NEE 134 2,121 (2) (2) 419 6, 538 
Total: 

e ee oe 174 2,581 (2) (2) 775 11,480 
I/ 8 222 3,427 (2) (1) 805 12,100 


1 Data may not add to totals shown because of independent rounding. 
2 Combined with coke sold ““To blast-furnace plants" to avoid disclosing individual company data. 
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Table 15.—Distribution of oven and beehive coke aiid breeze in 19687? 


Consuming State 


New Hampshire 
New Jerse ------------- 
New Mexico 


Virgini 

Washington CHER te sae ee ge s 
West Virginia 
Wigeongain -2-2 Mħ 


/f] % eee ie 


(Thousand short tons) 
Coke 
To blast- To To other For 
furnace foundries industrial residential 
plants plants heating 
8,455 299 66 6 
5 1 E "ouest 
5 3 . 
1,282 60 48 (3) 
660 10 20 2221-:2z- 
5 21 da 8 
3 2 2 (3) 
ecu dt 1 8 (3) 
ME (3) 190 `... 
2,210 232 885 4 
7,480 157 64 5 
ae 87 1 
(3) 17 45 C 
921 12 57 8 
9 2 46 .......- 
edi t. 2 7 1 
3, 505 18 F 
hice oes 28 (8) 5 
8,7176 809 148 1 
$54 21 22 (3) 
5 1 (8) 8 
9 33 37 (8) 
eee ee 1 4l u. uo. 
3 (n) B: sya qa 
333 Meee (3) 
8 69 28 
3 „ (8) EE 
3,835 156 37 (3) 
RN 15 25 
EE (3) d. ec Du 
8,076 i 482 1 
MNA 8 SH. leases 
16,173 110 247 (3) 
3 8 9 (3) 
asc dS (3) IM RPM AE 8 
(3) 10 69 1 
846 90 25 1 
998 1 R 
2 83 F 
m 22 (3) 3 
2,813 8 BZ. a 2255 
reals 140 3 (3) 
J i aun R 
56,406 8,166 2,236 63 
251 11 229 48 
56,657 3,284 2,465 111 


61,872 
646 


62,518 


4,047 


1 Based upon reports from producers showing destination and principal end use of coke used and sold. Does 
not include imported coke which totaled 94,085 tons in 1968. 
2 Data may not add to totals shown because of independent rounding. 


3 Less than 34 unit. 
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Table 16.—Producers’ stocks of coke and breeze in the United States 
on Dec. 31, 1968, by States 


(Thousand short tons) 
Coke 
Residen- 
State Blast tial Breeze 
furnace Foundry heating Total 
and 
other 
OVEN COKE 
Ala Dami eco ß ete tose wee 1,245 4 5 1,254 19 
California, Colorado, Utah.......................... A heute 229 27 
Connecticut, Maryland, New Jersey, New York....... 544 26 23 593 449 
n ³ RA ⁵ð2 8 44 (2) 44 25 
Indiana o u on Be ou d eae Salt 449 9 16 474 42 
Kentucky, Missouri, Tennessee, Texas 27 12 80 69 8 
Michigan 0. c o ceo ceo ĩ 88 167 57 (1) 224 93 
Minnesota and Wisconsin. -_.......--......_.-.---- 89 30 23 142 59 
BI EE sce 460 10 49 520 121 
Penner è d se seme ules 2,296 42 81 2,968 167 
West weiin ee |o M Rm 68 1 
Total 1968... side Shel eee eee os 5,617 190 178 5,985 1,012 
At merchant plant᷑tss „„ 22 169 156 848 192 
At furnace plants ----------------------------- 5,595 21 22 5,637 820 
. p u A eS 4,980 197 290 5,467 1,000 
BEEHIVE COKE 

Pennsylvania _..............._..-.-.------------- (B tees Geben (D che 
ö§ö;êͤ47bq1 . mt mt 88 „„ 1 E 

Total: 
13968: . a ee ⁰wr y eI 1E 1 . 

17/ö§ö;àê9— in ER 1 1 (3) 1 (2 


1 Data may not add to totals shown because of independent rounding. 
2 Less than 34 unit. 


Table 17.—Producers’ month-end stocks of oven coke in the United States 


(Thousand short tons) 
At merchant At furnace Total 
Month plants plants 


1967 1968 1967 1968 1967 1968 


JONUOlY d ——— Sa 231 495 3,018 4,879 3,249 5,375 
FFF lll mee ens 232 460 3,156 4,766 3,388 5, 226 

) ⁰ 8 254 437 3,273 4,579 3,527 5,016 
PJ ³⁰³AààAàAm. 8 267 501 8,465 4,240 3,782 4,740 

RY oe So Ad 277 373 3,687 4,152 3,963 4,525 
J)] ein eee Se sua s Sk 299 344 4,051 3,992 4, 350 4,336 
ͥ WAW 396 359 4,371 3,953 4,766 4,312 
AAB... eee ERE 421 410 4,595 4,329 5,016 4,739 
September: u T ar ul uuu isc cee 453 424 4,824 4,969 5,277 5,893 

%%½ T 8 467 395 4.972 5,364 5,439 5,759 
NEE Eeer m enii aeae 477 338 5,022 5,590 5,499 6,929 
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Table 18.—Average receipts per short ton of coke sold (commercial sales) 
in the United States, by uses 


OVEN COKE 
Year To blast- To foundries To other For residential Total 
furnace plants industrial plants heating 
1964: ee aes $15.54 $30.43 $15.79 $16.28 $20.73 
1905 -esee 8 16.46 80.94 16.41 17.12 21.68 
ENEE eege 16.88 31.75 16.90 17.89 22 .22 
/- 8 16.29 32.40 17.16 17.35 22. 67 
1968. · w ed 16.40 32.43 15.97 17.96 22.00 
BEEHIVE COKE 

1964 See s nnl cuc $14.84 $17.54 $15.68 $15.68 $15.00 
1965 ne v ĩ 8 14.45 15.40 16.12 16.12 14.96 
1956... A ccc 13.58 15.30 16.77 16.77 14.60 
//)§ö§Ä5—y² octo Acus 14.97 12.34 15.41 15.41 15.03 
I968. EE 15.14 6.84 14. 80 18. 60 15. 00 


Table 19.— Coke exported from the United States, by country and by customs district 


1966 1967 1968 

Short Value Short Value Short Value 

tons thou- tons (thou- tons (thou- 

sands) sands) sands) 

COUNTRY 
Australia 193 $3 152 $3 175 $4 
Bolivia 134 2 34 2 22 1 
re WEEN 12,913 417 7,144 248 8, 205 267 
GCanaddaa EE 854,687 18,165 439 ,853 10,562 247,515 6, 840 
Chile... AA 220 1 147 7 (1) (1) 
COL LOmDIR: ;; ⁵ ¾ðây 266 4 466 17 
Dominican Republic 21 1 41 2 349 9 
Germany, Wes ss. 12 1 468 10 
Indi u %²³“—Auc n ee eee oe 1,420 55 ·˙ð Ä wees 1,697 47 
JEDE: os rce oues ce Ec mE ici 27 15 21,312 392 39,010 451 
Mexieo ------------- 124,146 3,154 162 ,022 4,142 346,547 8,716 
Netherlands r 48 627 - MEMPHIS 
Nigeria... EE 607 IU suse edes Ee pora E 
Philppines:- 42222252922 See, 8 148 2 1,038 31 
Tunisia 18, 510 %//%% / C . cee S Susu 
United Kingdom 673 13 4 1 188 4 
Venezuela˖aa 51,448 798 77,807 1,108 145,919 2,128 
Other. E 973 64 716 1 81 28 
Total--—- eee ee r 1,066, 487 r 28,156 710, 380 16,492 791, 909 18,613 
CUSTOMS DISTRICT 
Baltimore 766 18 r 554 13 1, 185 35 
nee, ose lei e 499 ,695 10,784 238 ,578 5,751 125,296 3,316 
Chicago..................... 16,210 h; ` Ee Të ĩ ͤ 
Détroit... 186,505 4,087 144,771 3,282 85,231 2,972 
Duluth. n sace ,04 63 ,190 108 4,000 132 
El Paso 1 228 4 9,060 233 
Great Falls .--.------------ 710 20 360 ; E. a ete 
Houston uou 7,070 224 8,746 136 2,565 71 
Laredo- -------------------- 123,378 3,127 161,102 4,120 336,964 8,523 
h ͥ ³o˙˙¹² A --.-.-.-.-..-- 21,151 390 39,164 450 
If ieee ee ees 909 54 47,048 672 145,036 2,102 
New Orleans 603 42 784 16 150 29 
New York City.............- 4,765 167 2,931 81 5,233 174 
Ogdens burg 50, 420 975 16,413 316 5,358 124 
Pembina...................- 28,290 689 26,191 737 16,730 492 
Philadelphia. ...............- 70, 952 1,255 30 , 483 427 4,550 137 
Port Arthur 2,204 71 1,653 BS x: SS 2223. aceon 
St. Albang .....------------- 700 24 2,220 Og umi AA 8 
San Diego 629 20 458 10 248 8 
Seattle 14,016 430 8,130 262 11,520 390 
HERE ³¹·¹ r 585 r 17 394 9 619 25 
Noel. er r 1,066,487 r 23, 156 710, 380 16,492 791, 909 18,618 
r Revised 


1 39 short tons ($11,063), reported by the Bureau of the Census, has been deleted. 
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Table 20.—Coke imported for consumption in the United States, 
by country and customs district 


433 


1966 1967 1968 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
COUNTRY 
Lë TT WEE 92,281 $1,464 87,549 $1,295 90,580 $1,630 
ee VU SEENEN 80 9 52 6 
Germany, MWet .....-.----------- 8,099 286 8,650 326 2,668 186 
MexICO- LL Ee, ĩ Giga 84 . ince beo 
Netherlands 70 9 638 72 785 82 
Switzerland 311 JJ ³˙ Au T0 
7JJ%%%%7§ö˙àe 8 95,761 1,790 92,001 1,704 94,085 1,904 
CUSTOMS DISTRICT 
Buffalo. -2-2 9,967 51 8,115 88 2,962 23 
ee uso due deseris E 57 1 80 1 4,083 44 
Galveston. co ee ee hee, ` Vë A aaan 152 7 8 
Great Falls 64, 762 1,112 64 , 795 1,188 18,285 1,462 
Honolulu 49 1 330 10 218 

e ft.. ‘ace 16 CC 
New Orleans 2, 985 309 3,388 361 3,078 249 
0 vy. ĩ S snn 5 10,00 ͥ ũ 40 wee ° 
gdensbur gg 000 4b 
Pemkhinn esa 79 JJC ³³0Üꝛ‚ꝛ¹ꝛ˙Ü¹ k hk UNS 

Portland, Maine 76 2 35 1 17 (1) 
St. Alb ang 32 (1) 44 1 85 1 
San dJuaM- . l... ees beet ` musteszs 482 18 529 21 
% a ed mE es 17,169 291 4,614 78 4,986 88 
Total once tUe eR D d 95,761 1,790 92,001 1,704 94,086 1,904 
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Table 21.—World production of coke, by country and type 
. (excluding breeze)! 


(Thousand short tons) 


Kind of coke and country ? 1964 1965 1966 1967 1968 » 
METALLURGICAL COKE ? 
North America: 
Canada € C ee ee Meee eee 4,948 4,869 4,426 4,480 5,811 
J7)ddd y 866 908 r 953 r 1, 135 1.271 
United States. 62, 145 66 ,854 67,402 64,580 , 659 
South America: 
Argentina... . .. . . . . .. . . . ........-..- 497 508 r 437 514 NA 
TEE 1,005 1,002 1,367 1,444 1,561 
;; he ee ul wi eis 27 285 r 255 r 316 NA 
Colombig -2| 463 480 356 4122 246 
POP neo ei ee 8 29 80 89 45 NA 
Europe: 

/ E uuu ee Se eee 1,778 1,706 1,625 1,551 1,887 
Porum EE 7,969 8,084 1,673 7,559 e 7,716 
Bulearig 51 80 r 88 e 882 e 882 
Czechoslovakia J Ce r 10,048 r 10,239 r 10,205 10,114 NA 
ef DEES 3 35 4 44 e 56 
FC§§ĩêöÜêĩ⁊ðVð⁵⁸ði ²]ð ům¼ ⁵ 8 15,439 14,781 14,244 13,928 13,541 
Germany, Kaat -------------- 8,746 8,587 8,517 r 8,220 NA 
Germany, West - 2. Ll... .- 47,785 47,723 48,971 r 38, 770 39, 867 
Hun; ⁵ðͤ edu sc ea 78 708 712 r 715 551 
Haly. ⁰˙¹ 5,162 6,324 6,908 6,885 7,189 
Netherlands 4, 976 4,723 4,219 8,6 8,281 

OPWRY ZS u ůĩ”i 8 119 222 254 888 e 981 
Eelere 14,358 14,544 14,855 15,351 NA 
Rumanig -2-2 1,802 1,261 1,216 r 1,247 * 1,243 
Spall ft oe eonun eA ees 2,882 r 3,087 r 3,085 8,180 8,784 
Sweden 413 413 551 560 e 551 
USS RA ke ³K K 73,068 14,864 r 75,501 r 77,048 e 78,264 
United Kingdom 18,982 19,159 18,051 17,167 18,228 

ee Vugoglovig ,200 1,271 r 1,284 r 1,276 e 1,278 
rica: 
Rhodesia, Southern...................- 143 r 192 r 1224 8 226 NA 
South Africa, Republic of 2,636 8,521 8,174 e 3,807 e 8,807 
United Arab Republic...... ........-- 39 266 t 302 308 NA 
a: 
China, main land r 16, 535 17, 600 18, 700 14,330 16,535 
FCöĩÜ˙¹tsnñsñzzsssz rð v z 8,067 r 8,792 r 8, 995 8,867 e 8,818 
POR cis hoe Ü A cer cd 2 r 24 r 28 23 28 
e a aE 15,098 r 17,891 r 19,641 24, 439 27,685 
Korea, North e --------- E 1, 500 r 1,709 1,700 1,984 2,205 
EE E 22 282 r e226 e 228 e 227 
Turkey $r l uu u D TZ u Sa ee r 1,548 r 1,5717 r 1,606 1,510 1,576 
Oceania: 8 
Australia. .......--0- -2-2-2 [ħħ r 8,192 8,413 8,566 r 3, 755 4,360 
New Zealand... -aMMa e 
Subtotal— Metallurgical coke......... 829,077 342, 039 842,194 334, 531 315,272 
. s ̃ 6N!QQ— —.. .. P01 —.. . — . —— — EE, 
GASHOUSE COKE °?’ 
South America: 
Breeton ⁵²o·iAAÃ1d ³ͥ2mÄ ̃ mw. sss 309 241 247 226 218 
ii . EE 91 89 e 88 e 88 NA 
Un 28 22 28 28 22 
xis a 

/C/CôöĩÜ—ö5éßèuñ¹ie ] mm cc usas 345 315 246 235 NA 
Czechoslovakia A ĩÄxI·˙ ER TM D 837 854 228 z 146 NA 
Denmark 467 863 849 271 244 
All! ³⁰·¹V A 127 121 127 106 e 83 
hj. [o eO MM EC 67 22 15 10 9 
Germany, Wee 5,415 4, 578 8,942 8,163 2,565 
Greek 18 19 r 20 r 20 NA 
Hungary... ... .. clas ⁰ 8 * 600 r 667 659 605 NA 
Ireland ........ LLL LL c csse sre re 144 141 116 z 102 e 90 
IURI iL c . EIE 597 425 875 849 296 
Luxembourg............-...........-.- 81 14 SIL ¿usaspa au ee 
Netherlands _...........--.....--- 120 108 66 33 

i ß 25 25 EIS. t Hesse 
Pil; ĩðL ecu 1,318 1,893 1,421 * 1,406 NA 
Pitt 88 11 1 11 r 14 11 e 11 
§ö;éêẽm A ewes 198 t 110 r 86 61 q 
Welle ... .......-.-.- 606 584 601 550 e 651 

"WEE EEN 517 498 r 451 808 276 
United Kingdomnmnn „ r 9,857 8, 701 8, 066 6,930 5,1265 
MESE EPOD 19 15 12 eg 


Y 
See footnotes at end of table. 
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Table 21.—World production of coke, by country and type 
(excluding breeze) —Continued ' 


(Thousand short tons) 
Kind of coke and country 2 1964 1965 1966 1967 1968 P 
GASHOUSE CoKE—Continued 
Africa: 
DT 44 89 e 28 ° 28 e 38 
South Africa, Republic of: r 149 r 179 194 e 198 193 
. United Arab Republic e 39 e 44 CBB. een beer 
Hong . scene 14 14 11 100 
JöĩÄàͤð 8 7 71 r 72 r 79 e 79 
DRDO oo or oe ee ee een 4,102 4,045 4,098 4,591 4,927 
TTaiean . n r 46 r 51 r 57 e 50 e 55 
Oceania 
Australia 858 825 e 696 e 827 e 727 
New Zealand ¥*__.__.._.. ...______.__-- 88 76 74 62 e 66 
Subtotal—Gashouse coke. ............ 26,658 24,160 22,454 20,472 15, 585 
ALL OTHER TYPES 11 B 
ponh America: United Staten 203 149 168 168 174 
urope: 
Czochoslovakia uar Mou E 8 2,126 1,866 1,954 r 1,997 NA 
NEES 826 266 274 r 219 241 
Germany, East 1122/4 8,386 8,093 8,072 r 7,670 
Germany, Wege 65 637 1 
C ²·¹:A ĩ³¹ mmm d et 276 287 e 276 e 276 NA 
Indis. cece A eae r 2,482 r 2,878 3,175 23,307 4,07 
Japan €. Loc 1.1... ⁰⁰ mes 2 
Subtotal—All other types 14,483 14,253 14,589 14,138 8,794 
Grand total—All types 11122 . 810,218 380,452 379,287 869,141 334,651 


* Estimate. P Preliminary. r Revised. NA Not available. 

1 Beehive coke, where produced, is included with oven coke. 

3 Production data for gashouse coke for Ceylon, Malysia, mainland China, Mexico, Rumania, U.S.S.R., and 
possibly other countries are not available. 


3 5 udes coke produced at high temperature in conventional carbonizing equipment (slot and beehive coke 
ovens). 


* Includes breeze and small amount of gas coke. 

5 Includes breeze. 

Includes a small amount of low-temperature coke. 

7 Year ended March 20 following that stated. 

5 Production of coke made from imported coal for use in nickel smelter. | 

? Includes coke produced at high temperatures in carbonizing equipment designed primarily for gas manu- 
facture. (Horizontal and vertical Sec pr retorts) 

1* Year ended March 81 of the year following that stated. 

11 Includes coke produced at low and medium temperatures; also, coke produced in unconventional equip- 
ment (chain-grate cokers). 

12 Includes high-temperature coke. 

13 Total is of listed figures only; oven coke includes small quantities of other coke. 
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Table 22.—Quantity and value at ovens of coal carbonized 
in the United States in 1968, by States 


Coal carbonized Coal per ton of coke 
State Value 
Thousand ——————————— ——- Short 
short Total tons 
tons (thou- Average Value 
sands) 
OVEN COKE 
TN TEE 7,710 371,423 $10.04 1.41 $14.17 
California, Colorado, Utah......................- 5,022 62,614 12.47 1.68 19.73 
Connecticut, Maryland, New Jersey, New York ... 10,896 131,242 12.04 1.43 .26 
IV, VV WEE 8,086 29,992 9.73 1.49 14.46 
India ⁵² W ³ĩðVWſ y euim eis 11,641 124, 369 10. 68 1.43 15.26 
Kentucky, Missouri, Tennessee, and Texas ....... 2,898 23 , 562 8.13 1.45 11.78 
Hel 8 4, 986 53,085 10.65 1.35 14.41 
Minnesota and Wisconsin 1,090 12,151 11.15 1.29 14.40 
Ohio. te a ⅛ y mtr 8 12,000 112, 350 9.37 1.42 13.34 
Pennsylvania. - -2-2-0-0 25,764 234, 994 9.12 1.42 12.97 
West Virginia _.......-.---- -0-00a 4,939 39,512 8.00 1.47 11.76 
Total TT -------------------------- 90,029 901,295 10.01 1.43 14.33 
At merchant olanta ..------------------------- 8,259 79,640 9.64 1.40 13.54 
At furnace polanta ««««13ß„4rƷt 81,770 821, 655 10.05 1.48 14.42 
Total 9 88 91,428 916, 520 10.02 1.48 14.37 
BEEHIVE COKE 

Pennsylvania 585 3,462 5.92 1. 65 9.74 
õ§˙Ü¹ EE 688 3, 776 5.53 1.68 9.00 

Total: 
19068. EH 1,268 7,238 5.71 1. 64 9.34 
1967. o4 nues x ee 1,372 8,201 5.98 1.70 10.18 


1 Data may not add to totals shown because of independent rounding. 


Table 23.—Bituminous coal carbonized in coke ovens in the United States, by months 


(Thousand short tons) 


1967 1968 
Month —————————————M—— 
Slot Beehive Total Slot Beehive Total 

Janusry-..... . ee 8 7,760 199 7,959 7,975 120 8,095 

Februarʒꝰ ----------------MMMņO 7,109 152 7,261 7,634 118 ; 
ATO. os se ots c Ul 1,890 103 1,998 8,082 131 8,218 
F! eee ue 7,520 99 7,619 7,870 184 8,004 
OY soso PU eae ee ee j 96 7,850 8,122 185 8,257 
77770öÄÜĩÜ515ẽüc¾ 8 7,251 90 7,341 7,840 117 1,967 
PONY i se ate eee ; 78 7,881 7,83 108 7,988 
a cp CC MER 7,444 98 7,543 7,198 7,295 
September .ꝑ cec 93 7,452 6,561 85 6,646 
el EEN 7,723 120 T; 6,524 76 6,600 
November 7,731 122 7,858 6,6832 78 6,710 
December- -222 0aaaeanMtMMaMMMMMaMM 8,0 122 8,179 7,224 79 7,808 
EEN 90,900 1,972 92,272 89,497 1,268 90, 765 


1 Data may not add to totals shown because of independent rounding. 
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Table 24.—Anthracite carbonized at oven- 


coke plants in the United States, Table 25.—Average value per short ton 
by months of coal carbonized at oven-coke plants 
in the United States, by States 
(Thousand short tons) 
Stat 1967 1968 
Month 1967 1968 Ë 
Alabama. $9.95 $10.04 
January...............-.- 48 45 California, Colorado, Utah........ 12.39 12.47 
Februar) 48 45 Connecticut, Maryland, New 

March... 46 45 Jersey, New York.............- 11.79 12.05 
All aui eus anie 46 43 O-o ee DEOR 9.87 9.73 
JAA E 45 46 Indiana... ----------------- 10.73 10.68 

r.. R RN UR 42 42 Kentucky, Missouri, Tennessee, 
rr 37 40 Texas__ ĩð K ĩðͤ el dE oe 9.59 8.13 
Aug 48 44 Michigan 10.31 10.65 
September. .............- 42 41 Minnesota and Wisconsin 11.56 11.15 
October................- 40 45 Eilen Seege eos suyus you 9.25 9.37 
November 46 45 Pennsylvania. 9.20 9.12 
December —— 44 51 West Virginia 7.80 8.00 
Total 1 528 532 Average 10.02 10.01 
Value of coal per ton of coke...... 14.87 14.88 


1 Data may not add to totals shown because of 
independent rounding. 


Table 26.—Average volatile content of bituminous coal carbonized by oven-coke plants 
in the United States 


High Medium Low Total 


Year Thousand Volatile Thousand Volatile Thousand Volatile Thousand Volatile 
short content short content short content short content 
tons (percent) tons (percent) tons (percent) tons (percent) 


e ense 58,012 85.2 11,152 25.9 17,569 17.5 86 , 732 30.4 
E 61,725 85.2 11,791 25.9 18,570 17.8 92 ,086 30.5 
9. ( 9e 63,061 84.6 10,395 26.2 20,067 17.8 93,528 30.1 
p ecm deme E 59 , 787 85.1 12,470 26.4 18,644 18.2 90,900 80.4 
988988 8 55, 0 12, 906 27.8 20,074 18.7 88,833 80.2 


1 Data may not add to totals shown because of independent rounding. 


Table 27.—Coal received by oven-coke plants in the United States in 1968, 
by consuming States and volatile content 
(Thousand short tons) 


High-volatile Medium-volatile Low-volatile — 
— ssh — car ms — 0 
Consuming State Percent Percent Percent coal 
Quantity of Quantity of Quantity of receipts 
total total total 

Alabama. 1,809 17.2 5, 633 73. 8 690 9.0 7,632 
California, Colorado, Utah......... 4,189 88.5 156 15.1 70 1.4 5,015 
Connecticut, Maryland, New Jersey, 

New tte ,984 67.0 626 6.0 2,794 27.0 10,354 
n? rro 2,148 69.6 269 8.7 671 21.7 8,087 
Indiana... 22022 56e c. o2 ese eR 6,824 59.6 2,077 18.1 2,552 22.8 11,463 
Kentucky, Missouri, Tennessee, 

KT Su Z; eet ew eee aS 1,667 69.4 293 10.4 846 80.2 2,806 
Michigan 8,086 62.9 876 7.7 1,446 29.4 4,908 
Minnesota and Wisconsin 495 47.5 80 7.7 467 44.8 1,042 
OBIO EE 8,881 77.1 206 1.7 2, 437 21.2 11,524 
Pennsylvania. ...............-.-- 17,836 68.2 886 3.4 7,422 28.4 26,144 
West Virginia 4,114 82.5 71 1.4 799 16.1 4,984 

Total Loes, -------- 57,488 64.6 11,272 12.7 20,194 22.7 88 ,949 
At merchant plants 3,421 39.0 1,135 12.9 3,360 48.1 7,916 
At furnace plants 54, 062 67. 5 10, 137 12. 6 16, 834 19.9 81,033 
Total 1967...............-- 60,484 64.3 12,559 18.4 20,997 22.8 94,040 


1 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 
and low-volatile—14 to 22 percent. 


? Data may not add to totals shown because of independent rounding. 
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1968, 
by producing county and volatile content 


(Thousand short tons) 


Volatile content 3 


State and county where coal was produced —— Total 
High Medium Low 


Alabama: 
B))! ³ðV⁴ i LI 8 JJ 00 125 
e ⁰ð“²]́b dd y 308 5.121 soc esses 5, 
Walker AME 30 Seuss, eee 3 
Colorado: 
(eh TT ot l l ͥ ͥͥ Bs ee ee 53660 Zulu 660 
Las Animas ⁵idnm eege 1:082. 2222 8 1,062 
Moffat EENG €: SE (3) 
KID ee ote ð m;; y A. aaa 1682 ........ 4 682 
Illinois: 
EE „ aani 1,410 
eier ⁵³ðD oe 8)öͤ 852 
Saline ˙]ààAA. ³ (yr ĩ y eee J ²˙¹mꝛA mw eme 176 
Williamson EG. :gnolcecocc. "wass s 16 
Kentucky: 
e !!)!!! 15358800000 ĩĩ ñ Lewes 1, 380 
e ß ß m DEC 22222 ⁰ A “conics 1,224 
CTT EE 2.140 ege, "deed 2,740 
J o llo EE Bb EE 
Leteher. ous uou mau ß y E d E LIO scisso lDwexeecs 1,157 
))) N86 4,014 _.. AA 4,014 
New Mexico: Colfa -2-22-20 MManMMMMŇiMMŅțMM 05 eege terete. 706 
Oklahoma: 
FCC; ͥ]Ü¹¹‚ͥ‚‚⁰ͥͥAqqU ] · 0d A lulu ea 189 —“˙8důʃ 189 
ORB. c c s Coco cor r ⁊ . Ao ee ⁰ꝙ⁰mrꝛ . eects 144 
P ĩ³˙ m Athwr AAA cecusceceice fol %ͤõ⁶-0-ë r ` eege 186 
Pennsylvania: 
Eeer se ee Vë ` e 809 809 
Bituminous: 
// ³ / Ee 2,424 _....... 12 2,4936 
CC Ä’ðê¹⁶ ] .. : 8 181 2,641 2,822 
/c 6 udna ana a 999; AAA ua ss 
Greene soc sec ss sees doe ee ee eo ke // AA 8 5,929 
EN TEE 20. enee 20 
ET EENEG 585 585 
] ²˙ͥò˙n½. -A te EL RE 1158488 SisuSasa 11,845 
Westmoreland.. -2-2-2-2 1,683 52.. Asse 1,685 
Utah: Carbon. o2 omcamscuceicu mena cess ( eset 1,761 
Virginia: 
eit ] E 341 324 748 1,413 
Diekenson___._......... ˙o˙ -m ete 765 152 
TTT EE 814 488 6 1,308 
Tasewell--...22 hos ] ꝛ wü y y 188 ........ 88 
/ ⁵ðiꝗſͥ ³WA0A ⁵³ᷣ K ͤ ĩðV aa E 77%ͤ»·˙ mem alex 1,022 
West Virginia: 
ie ß ß Seuss eut 38000 ⁰ muliuces 350 
PJ o0„-0Hh H eM d LEE LED 1,920 8 1, 925 
e ß ß eA 2, 529 46 815 3,890 
, ß . . aiam: ENG C 118 
d oe ⁵ð²ͥ mt y ⁊ 8 580 N 652 
Jjüõũöͥũũͥũ ³ù Ä 8 3,949 4622222 4,411 
f ³oAYAͥͥꝓ !!!... 88 0 1,792 9,692 11,494 
ale o u ͤ ͥ ⁰ ͤ—ͤ1᷑-f¼ẽ 2. sewed ; 
Mercer ]³˙⁰¹L. ð⁊;ͤ·. ð -“ ⁰ͥꝗdd yd y 1,098 1,093 
ET Ee // ëss 1,907 
Nie ⁰ 686 9711 1,857 
/öͤ˙§Ü—⅛àu yd oye ie 1,647 1,647 
WV TC san ai aL . i m i. AP ta os 197; 25222225 1 
AT c os cuu ͥ E SU DE IRE AS cU T 84 
r Mr d a m RE 871 584 2,496 3,401 
TR GR HEES 57 ,484 11,269 20,195 88,948 


! Data may not add to totals shown because of independent rounding. 

2 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 81 percent; 
and low-volatile—14 to 22 percent. 

3 Less than 14 unit. 

* Includes small quantity imported from Canada. 
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Table 29.—Origin of coal received by oven-coke plants 
in the United States in 1968, by States? 


(Thousand short tons) 


Producing State 
Consuming State — — n  . F En 
Alabama Colorado Illinois Kentucky New Oklahoma 
Mexico 
Alabama... . . . . . ... . ... ....- S cossens èẽ ? ↄꝙ]i ui é ũꝶ— Ill 8 
California, Colorado, Uta... 2.404 EE 705 ee 
Connecticut, Maryland, New Jersey, 

New E e ee eect dare 1 Judaopisa 
II ³˙¹¹¹]. k y 1,147 9844 ↄↄ 5 
1J1Cö§;ð y ĩè d ⁵⁵ ` eee 1,307 iet... Sus Las 
Kentucky, Missouri, Tennessee, 

J9d»⁶§%aö᷑ a Oa IO sede ux 22 ᷣͤ Cua K AO 469 
Me. ] ³ ↄ 8 /// Mette. 
Minnesota and Wisconsin- 222-2222 ^ 22-22-22 D € od e we 
ONO so. ol a Pee . ß Du ENEE WO PEE 
tennayivanis J ĩðZiñſ0 s ⁵ ⁵⁵⁵⁵⁰ͤ1b ETE AN SE 1:982. toe. 8 
West MELEN e Jeer dedu 119. 222 Reese 

Total 1968. 5,579 2,404 2,454 10,544 705 469 
At merchant plants................. 66L uel 8 13s 8 
At furnace plants. 4,918 2,404 2,454 10,408 705 469 

Total 1967 5,922 2,845 1, 961 10,951 607 449 

Producing State—Continued 
Total 
Pennsylvania Utah Virginia West 
Virginia 

Alabama. ...............-.-. 2.2... 488 ¿LZ 1,333 685 7,632 
California, Colorado, Uta. 1.161. 222 144 5,014 
Connecticut, Maryland, New Jersey, 

New York kk 8,968 .......... 579 4,089 10,354 
Heng, clear Drac eee es Be. Qu uS tuis 49 898 8,086 
Indiana... ĩ˙ꝛꝛiAA¹Üw-- ½ ͥÄ EE 8 2:2. 739 6,156 11,452 
Kentucky, Missouri, Tennessee, 

%%% A Di. uii 155 2,121 2, 806 
Meni 8 2 us 256 2,937 4,908 
Minnesota and Wisconsin 28. ¿S SL SZ 888 514 1,048 
OMG EE 4, 6330 565 5,622 11, 524 
Penns lvania M Seen Seton RES een 18,799 .......... 653 9,730 26,144 
West Viremnig --------------- II actus 83 1,668 : 

Total Loes. ------2----- 25,718 1,761 4,800 84,514 88,948 
At merchant plants 28222ͤ e 789 5, 967 ; 
At furnace planta ------------- 25,486 1,761 4,061 28,547 81,213 
Total 196 29, 143 1,823 6,510 84,830 94,040 


! Data may not add to totals shown because of independent rounding. 


Table 30.—Quantity and percentage of captive coal received by oven-coke plants 
in the United States’ 


(Thousand short tons) 


At merchant plants At furnace plants Total 
Year Total Captive coal Total Captive coal Total Captive coal 
coa 1] ——F r — T coal ` “Qa 


— — coa 
received Quan- Percent received Quan- Percent received Quan- Percent 
ti tity tity 


1983. 886 9,208 3,172 34.5 81,129 53, 265 65.7 90, 336 56,437 62. 5 
190552; ¿s T 8 9,167 8,229 35.2 84,654 55,228 65.2 93,820 58,457 62.3 
1906... 22: Zhu kaz >s 8,670 3,006 34.7 85,694 54,155 63.2 94,364 57,161 60.6 
/ 8,545 3, 109 36.4 85,495 52, 928 61.9 94,040 56,038 59.6 
1968... 5. 22205 Dp 7,785 2,659 34.4 81,213 48,999 60.3 88,948 51,658 58.1 


1 Data may not add to totals shown because of independent rounding. 
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Table 31.—Month-end stocks of bituminous 


coal at oven-coke plants Table 32.—Month-end stocks of anthracite 
in the United States at oven-coke plants in the United States 
(Thousand short tons) (Thousand short tons) 

Month 1967 1968 Month 1967 1968 
Januar 9,244 10, 422 January. ..-------------- 127 158 
Februar 9,364 9,815 February.............-.- 108 106 
March..............-.....- 9,491 10,492 March.. 83 85 
Ill. 9,829 11,882 P/! A 8 86 79 

J77CͤÜ· 8 10, 596 11,994 HU oa ua es hes 90 88 
SUNG n n ase uu uian 11,019 11,638 rr TEE 101 82 
/A ; 10,321 UL 106 85 
A EE 9,465 10,575 August ------------- -a 129 98 
September. ...............- 9,72 11,203 September............... 136 124 
October 10,611 9,533 October................- 151 151 
November 10,914 9,541 November 149 167 
December . . . . .. .. - 10,940 9,587 December..............-- 157 154 


Table 33.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants 
in the United States in 1968 


Sold 
Product Produced Value On hand 
Quantity —————_—_——_ Dec. 81 
Total Average 
(thousands) per unit 
Tar, erude thousand gallons. . 760,812 958,039 $36,284 $0,101 40,104 
Tar derivatives: 
Sodium phenolate or carbolate. . do 8,205 8,006 251 083 244 
Crude chemical oil (tar acid oil) do 29, 150 25, 020 5, 630 225 994 
Pitch-of-tar: $ | 
Soft. thousand s ort tons 659 187 5,013 26. 760 26 
Hard... ocio eec do.... 394 159 8,431 21.606 7 
Other tar derivative: 2222222- 22am 14,828 _.. AA - IEEE ane 
Ammonia products: 
Sulfate thousand short tons 670 658 13,789 20.943 137 
Liquor (NH; content do.... 17 17 969 56.408 1 
Diammonium phosphate do 31 30 2, 747 92. 485 2 
oll eke eee lange een A 8 17:505 tee, ` Jee 
Sulfate equivalent of all forms. do 786 VDO! “Soto. whos scie 142 
NH; equivalent of all forms do- 208 98 WEEN 38 
a8; — s MM 
Uged under boilers, ete. 
million cubic feet. . 91,875 19,937 S256, 8 
Used in steel or allied plants do 922 ,910 446, 534 104,402 228358 ----- 
Distributed through city mains. do $ 14,840 5,613 S 
Sold for industrial use do 22,153 8,534 600 C 
Total- ¿u olup ⁵%Ü- (y occas do 922,910 575 , 402 138 , 486 5202. taxes 
Crude light oil. thousand gallons. . 238,887 5 95,611 11,349 .119 10,289 
Light-oil derivatives: 
Benzene: 
Specification grades 
CFF do 88,449 93,049 20, 738 . 223 2,747 
Other industrial grades do.... 4,136 4,384 573 WEN 93 
Toluene (all grades) do- 19, 645 19,867 3,704 . 186 1,382 
Xylene (all grades) do 5, 576 5,473 1,088 .199 585 
Solvent naphtha (all grades) ..do.... 3,714 2,921 460 .157 416 
Other light-oil derivatives do.... 6,728 3,001 351 .117 337 
Total ft oid do- 128,248 128,695 26,914 .209 5, 560 
Intermediate light oil do 5, 560 1, 828 216 118 232 
Grand st...... 8 254 90T. ee der 


1 Data may not add to totals shown because of independent rounding. 

2 Includes products of tar distillation conducted by oven-coke operators under the same corporate name. 

3 Soft-water-softening point less than 110°F; medium—110° to 160°F; hard—over 160°F. Figures on hard 
pitch include small amount of medium pitch. 

* Creosote oil, cresols, cresylic acid, naphthalene, phenol, pyridine, refined tar, tar paint. 

5 Includes gas used for heating ovens and gas wasted. 

6 144,842,000 gallons refined by coke-oven operators to make derived products shown. 


— 
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Table 34.—Coal equivalent of the thermal materials, except coke, 
produced at oven-coke plants in the United States 


Materials produced Estimated equivalent in heating value ! 
(billion Btu) 
a = VT PP kë 
Coke Surplus Light uiv- 
Year breeze gas Tar oil | ent 
(thou- (billion (thou- (thou- Coke Surplus Tar Light Total  (thou- 
sand cubic sand sand breeze gas oil sand 
short feet) gallons) gallons) short 
tons) tons) 
19644. 8,902 582 762,918 248,669 78,040 320, 100 114,488 32,827 544,905 20, 798 
1965... ce 4,087 630 802, 738 262,701 80,740 346,500 120,411 84,151 581,802 22,206 
1966...........- 4,102 630 801,867 262,640 80,240 346,300 120,280 34,148 580,9 22,174 
6 E 4,025 606 780,834 252,188 80, 500 333,300 117,050 32,778 563,628 21, 513 
196889 4,074 575 760,812 288,887 81,480 316,250 114,114 31,055 542,899 20, 721 


1 Breeze 10,000 Btu per pound; gas, 550 Btu per cubic foot; tar, 150,000 Btu per gallon; and light oil, 130,000 
Btu per gallon. 


Table 35.—Average value of coal-chemical materials used or sold and of coke and breeze 
per short ton of coal carbonized in the United States 


1964 1965 1966 1967 1968 

Ammonia produ et 50. 275 30. 268 30. 280 30.254 30.194 
Light oil and its derivatives. 459 505 481 KEEN 427 
Surplus gas used or sold... 1.516 1.556 1.522 1.512 1.483 

Tar and its derivatives (including naphthalene): 
Tar burned by producers 111i. .881 .962 . 828 .918 .311 
Sold. ].j.:V VVV 8 . 705 .672 677 675 727 
rr ⁰o¹¾¾‚, ee 3.336 8.363 8.288 3.200 8.142 
Coke produce 12.426 11.890 12.167 12.152 712.246 
Breeze produced . 903 .901 2292 -318 .914 
Grand total.; 16.066 15.554 15.747 15.670 15.702 

1 Includes pitch-of-tar. 


3 Average value of coke used or sold in 1968. 


Table 36.—Percentage of coal costs recovered from the recovery of coal-chemical materials 
in the United States 


1964 1965 1966 1967 1968 
Product: 
Ammonia produe ts 3.0 2.8 2.9 2.5 1.9 
ight oil and its derivatives 4.9 5.3 4.9 4.4 4.8 
Surplus gas used or sold 16.3 16.4 15.6 15.1 15.1 
Tar and its derivatives used or sold (including 
naphthalene)............................- 11.7 11.0 10.3 11.4 10.4 


Total SM — e em —EUñ——— — e G o g em o gr em op a ep e op = a 35.9 35.5 88.7 83.4 81.7 
Value of coal per short ton... nn $9.28 $9.51 $9.78 $10.02 $10.01 
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Table 37.—Production and disposal of coke-oven gas 
in the United States in 1968, by States 


(Million cubic feet) 
Produced Surplus used or sold 
Thousand Value 
cubic Used in — ÀÁ— MÀ 
State feet heating Average 
Total per ton ovens Quantity Thou- per Wasted 
of coal san thousand 
coked cubic 
feet 
Alabama. ae 74,605 9.68 34, 149 35,645 30.150 1,522 
California, T ROBO, Utah.........- 55,147 10.98 7, 87,471 5,989 Pe | 7 
Connecticut, Maryland, New 
Jersey, New Tork... 117,869 10.82 38,405 77,954 30,260 .983 1,510 
n” 81,964 10.837 ; 20,216 8,650 .188 8,026 
rr. E 115,253 9.90 35, 705 „406 14,988 ok 1,142 
1 e Missouri, Tennessee, 
o i T CLL. SS 25, 761 8.89 13,507 11, 753 1,728 . 147 
Ham URL OI E DENEN 47, 9.52 9,961 36,327 8,780 š 1,214 
1 and Wisconsin. ......... 10,464 9.60 5,800 4,601 857 .181 
LEE 108 ,997 9.08 41,026 67,118 17,840 i 
Pennsylvania 281, 100 10.91 111,765 165,840 34, 884 .210 8,496 
West Virginia ` 10.98 , ,6 9,420 š 
Total 1968 922,910 10.25 881,841 577,278 188,486 282 18,792 
At merchant plants 67,052 8.57 32,577 31. 909 7,481 .294 2,566 
At furnace plants 855,861 10.42 299,964 545, 369 126, 005 282 11,226 
Total 1967 959, 359 10.49 341,753 606,044 188,279 228 11,561 


1 Data may not add to totais shown because of independent rounding. 
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Table 38.—Surplus coke-oven gas used by producers in the United States 
and sold in 1968, by States 


(Million cubic feet) 
Used by producers 
Under boilers, etc. In steel or allied plants 
Value Value 
State — F — 
Saunt Average Gane Average 
uan r uan 
Thousands Eë Thousands thousand 
cubic cubic 
feet feet 
Dr“ MMMMMIMIMMMMIMIMIMiMiM M 15,466 $2,224 30.144 19,449 $2,947 30.152 
California, Colorado, Uta (3) 
Connecticut, Maryland, New Jersey, New York. 2,548 556 .219 65,981 25, 425 . 385 
MIN GIG Sos es ore EES 2,971 428 .142 12,089 2,411 .200 
JJ TE 3,270 701 214 71,736 12,999 181 
Kentucky, Missouri, Tennessee, Texas 5,639 ai 710 0 126 3 3 
E 7 70 G Ü d d O : 

Ou eee eS eS E x usss wie. 10,951 5,028 .459 50,416 11,951 287 
an hz T RERO ;;; eee eee 23,840 9 839 07 205 140, 442 29 „782 ay 212 
KEE 27,195 5, 455 201 88,849 18,887 218 

Total 19068 ũ -2-2-22 ---------- 91,875 19,937 -217 448,412 104,402 .234 
At merchant plants FFF 8,854 1,367 .164 1,050 285 224 
At furnace plants 83,521 18,570 2222 447,362 104, 167 284 
Total 1967 ) .... ... ..... ....- 100, 069 19 , 830 .198 899,662 94,657 . 287 
Sold 
Distributed through For industrial use 
city mains 
Value Value 
Qusni Average Giny Average 
uanti er uan 

Thousands diotsa d Thousands thousand 

cubic cubic 

feet feet 

STT, VE (3) (2) (2) 2,454 3367 30.145 
California, Colorado, Utah ggg. ͥł] ⅛WQð ᷑ũ e ĩõ ũW «é 
Connecticut, Maryland, New Jersey, New York. 9,256 $4,245 $0,867 (3) (3) a 
Tro: Wo tee eee UH ED eee. eee c DEL MES (à (3) à 

J ———— S meua asua (3) (2) (2) 3 3 
Kentucky, Missouri, Tennessee, Texas. (s ti) ë 
Minnesota and Wisconsin- JJ elt, Gees eee i) (3) 2) 

JJ w 8 5,745 860 150 
Penn ito eM naa (3) (3) (3) (9 8 8 

1o’ẽ «˙ ] ² ᷣ Ses, eee: iba 

Undistributed y 5, 584 1,3668 18,958 2,806 ....... 

Total 1968. 14,840 5,613 .978 22,152 3, 534 160 

At merchant plant᷑s lll... 9,965 8,824 .884 12, 540 2,054 164 

At furnace plants 4, 875 1,788 .967 9,613 1,480 .154 

Total 1901... o ĩð K Dy 2 os 20, "089 8,559 .497 86,274 15,782 182 


1 Data may not add to totals shown because of inde dependent rounding. 
3 Included with undistributed to avoid disclosing individual company confidential data. 
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Table 39.—Coke-oven gas and other gases used in heating coke ovens 


in the United States in 1968, by States 


(Million cubic feet) 
Coke- Blast- T. coke- 
State oven furnace Natural gas nage 
gas gas equiva 

RT ME 34,149 h A 34,149 
California, Colorado, Uta. %% 88 17,238 
Connecticut, Maryland, New Jersey, New York. ..... 88,405 10,207 899 49,011 
Hine... 8 8,7 5,419 468 14,609 
Joni: MEMENTO 85,705 44, 152 690 81,147 
Kentucky, Missouri, Tennessee, Texas.............. )))) 8 13, 507 
Mien seek eee ss 9,961 13,294 190 23, 445 
Minnesota and Wisconsin........................- 5,800 .......... 38 5,838 
quM EILEEN m EN Sua usuy as 41,026 ,0 TN 45,084 
Penn C7777 cede cee oe ee tae 111,765 11,199 .. .. 122,958 
ö ricuR eos daga Eddewuace 15,5 245 8 21, 805 
Total 1968: d ee ete 331, 838 95, 168 1,785 428 ,791 

At merchant plant᷑nss««%««?t.;. ll. 34, 45562ʒù22⁊t 732 35, 
At furnace plants 297,386 95,168 1,053 393, 607 
TTotal-1901... ³ð.. ⁰ 8 341, 753 61, 667 2, 265 405,686 


1 Adjusted to an equivalent of 550 Btu per cubic foot. 
3 Data may not add to totals shown because of independent rounding. 
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Table 40.—Coke-oven ammonia produced in the United States 
and sold in 1968, by States’ 


(Thousand short tons) 
Yield of ammonia Production 
sulfate 
Active —————————— 
State plants 2 Pounds As As 
Tons per ton sulfate ° liquor 
of coa H; 
coked content) 
, . 7 75 19.40 72 ($) 
California ee 3 84 33.62 61 (*) 
Connecticut, Maryland, New Jersey, and New York. 5 102 18.81 96 ($) 

"oT ERA es E 8 4 17.36 OF s Za 
Indiana Z u oe l P T 5 87 14.92 77 (4) 
Kentucky, Tennessee, Texas. ...................- 3 17 11.75 (4) (4) 
Mee ⁵ð²ðÜOõg ö bbe eau Pe che 3 28 11.31 26 (4) 
Minnesota and Wisconsin 2 5 8.30 ($) (4) 
Ohio: d 8 11 98 16. 30 87 ($) 
Pennsvlveanig 11 202 15.65 202 2:25 
West rr aMMa 3 44 17.68 44 
Wndistributed ß . e . b eeu. usua nc 9 17 

Total 1908... lu ³ A aa 57 768 17.06 5 701 17 
At merchant olants --------------------- 12 53 17.53 18 8 
At furnace plante 45 715 16.15 683 9 
NAVETTE 58 834 18.68 778 14 
Sold 6 On hand Dec. 31 
As sulfate 3 As liquor Liquor 
(NH, content) (NH: 
— — . — sulfate * content) 
Quantity Value Quantity Value 
RTR TT EE 70 31,622 ($) (4) 12 (7) 
California, Colorado, Utah....................... 31 2,009 3 (4) 10 (7) 
Connecticut, Maryland, New Jersey, and New York. 98 1,942 (4 (4) 13 O) 

TEEN 29 612 c luuc. see 8 
Indiani- TT" 83 1,773 (9 (4) 16 (7) 
Kentucky, Tennessee, "TTexgg --------------- (4) (4) ($) (4 (3) (7) 
Michigan o x ß 8 8 (4) 3 (4 (7) 
Minnesota and Wisconsin. .....................- 4) (4) 4 (4 (^ uale 
% ˙”·⁰ ˙¹. i E eec h 886 89 1.694 (4) (4) 17 1 
sara Me "| mentor 8 202 4 14. o. cn 50 ......- 
West Virginia 46 (i A on 4. o 
Undistributeeãedddddgjl -.--. 2.2... ..- 34 1,674 17 969 uL. ee saw 

Total 1908... ³·¹wO] ß nT GNE 3 688 16,535 17 969 137 1 
At merchant plants 21 46 8 459 (5 
At furnace plants. ...... ...- LLL LL c lll LLL Ll... 667 16,067 9 510 134 1 
eld, mae S uu dete 129 579 12 156 2 


1 Data may not add to totals shown because of independent rounding. 

3 Number of plants that recovered ammonia. 

3 Includes diammonium phosphate. 

4 Included with ‘“Undistributed”’ to avoid disclosing individual y confidential data. 

5 Comprises 670,000 tons af ammonium sulfate and 31,000 tons of diammonium phosphate produced in 
California, Colorado, and Michigan. 

* Includes 63,000 tons of ammonium sulfate valued at $1,586,000 exported. 

7 Less than 14 unit. 

6 Comprises 658,000 tons of ammonium sulfate valued at $13,789,000 and 30,000 tons of diammonium 
phosphate valued at $2,746,700. 


MINERALS YEARBOOK, 


1968 


Table 41.—Coke-oven tar produced in the United States, 
used by producers, and sold in 1968, by States’ 


(Thousand gallons) 
Produced Used by producers 
SS Total per ton refining 4 Gik 
o n re 
af coal or fuel wise 
coked topping 
Alabamá oon ⁵ð-!! S 66,360 1.31 „„ az ee 
California, Colorado, Utah......................- , 108 9.90 (3) 3 3 
Connecticut, Maryland, New Jersey, New York.... 98,865 8.61 (3) (3 3 
J/%000 RR oe a Datla WU cena ew 1,126 C ³ĩo» Dess 
EEN 92,419 1.94 (3) (3) . 
Mich rag Missouri, Tennessee, Texas............ 19,178 6:82. de e 8 
Jö ( , 595 o AE (3) 3 
Minnesota and Wisconsin...................-.... , 158 S ³o»1 wetasciues (3 
ö? E Rex. dus ERRARE RE 106,117 8.84 (3) 49,561 616 
P NEEN 284 , 220 9.09 189,844 81,656 184 
Wet n;ĩ?]ʃ7j' 48,081 9.74 . WEDSSCWRA 
Un E TT WEE 161,410 28,688 250 
Total. 1968 8.... d; 160,812 8.45 301,254 104,905 1,650 
At merchant plants 54,1 6.55 640. ¿CZ egen Jee ed eg 
At furnace plante 706, 692 8.64 300, 605 104, 905 1,605 
To 1967 wand cca ³ð ena nas AAA 780,334 8.53 291,624 ,009 2,468 
Sold for refining into tar products 
Quantity his — 
Thousands Avera 
per gallon 
AE c dames eu Eae ed Eae 83,102 $3,652 $0.110 7,049 
California, Colorado, Uta 28,20 2,769 . 098 2,727 
Connecticut, Maryland, New Jersey, New York.... 17,785 1,858 . 105 8,807 
Dieter ee 1,166 ,082 . 096 918 
nr oco EE 42,728 8,880 .091 3,458 
Kentucky, Missouri, Tennessee, Texas 19 ,283 ,058 .107 890 
% PME REA 21,631 2,482 .088 807 
Micneota and Wisconsin....................... 5,844 564 .095 194 
%%%. xxx 8 57,608 5,487 .094 e 605 
P Ieren 78,076 7,209 .099 12,271 
West Virginia PONI U eat 31,716 2,781 086 1,278 
ere ³ð / m. ]ð dd EE ] cessas soceccesedee 
ish. A he Sse 358,089 84,612 097 40,104 
At merchant olants e Lll l.l eee 58,974 4,358 .074 1,910 
At furnace plant 299,065 30, 254 101 „194 
EE 854,674 83 , 686 .095 48,564 


1 Data may not add to totals shown 


because of nd rounding. 


2 Included with “Undistributed”’ to to avoid disclosing individual company data. 


COKE AND COAL CHEMICALS 447 


Table 42.—Coke-oven crude light-oil produced in the United States and 
derived products produced and sold in 1968, by States 


(Thousand gallons) 
Crude light oil Derived products 
State Active Gallons Refined On Sold 3 


plants! Pro- per ton on hand Duo. => == 
duced of coal premises? Dec. 31 duced Quantity Value 


coked 
Alabama. ..................- 7 17,366 2.25 16,894 1,059 18,751 18,776 $2,979 
California, Colorado, Utah..... 9 16,802 3.35 11,081 291 18,299 10,883 1,919 
Connecticut, Maryland, New | 

Jersey, New Tork 6 33,097 8.04 20,380 1,641 16,887 17,424 3,288 
Illinois and Michigan 8 19,759 2.45 1,968 590 4 4) 4 
Indiana . ..-.---------- 5 28,697 2.47 364 2,147 (4) (4) 4) 
Kentucky, Missouri, Tennessee, 

Texas, West Virginia 7 21,897 2.78 2,448 1,017 2,544 2,561 417 
AU A 11 29,808 2.44 18,409 786 16,884 16,854 8,082 
Pennsylvania 11 72,461 2.81 73,298 2,757 65,434 67,777 15,329 

Total 19688 58 238,887 2.65 144,842 10,289 128,248 128,775 26,914 
At merchant plants 4 28,769 2. 88 8,926 1,266 10,824 8,664 705 
At furnance plants 54 215,118 2.63 185,916 9,023 117,924 120,111 26,209 
Total 1967 56 252,188 2.84 153,871 8,496 127,517 117,178 26,980 


! Number of plants that recovered crude light oil. 

2 Includes small quantity of material also reported in sales of crude light oil in table 38. 

s Excludes 95,511,000 gallons of crude light oil valued at $11,849,008 sold as such. 

* Included with California, Colorado, Utah to avoid disclosing individual company confidential data. 


Table 43.—Yield of light-oil derivatives from refining crude light oil at oven-coke plants 
in the United States 


(Percent) 


Benzene Toluene Xylene Solvent Other 


Year a (all naphtha light- oil 
grades) grades) grades) (crude and products 
refined) 

%/ÜÜ ]˙⁹]J ⅛ K 62.8 13.3 3.7 2.8 4.8 
%%% E E A AETA 63.0 12.8 3.5 2.8 4.1 
MEDER 63.4 12.7 8.4 1.8 8.5 
LEES 58.9 12.6 8.6 2.4 5.4 
L968 EE w 8 63.9 18.6 3.8 2. 6 4.6 


1 Included with Solvent naphtha (crude and refined). 


Table 44.—Benzene and toluene produced at oven-coke plants 
in the United States, by grades 


(Thousand gallons) 
Benzene 
Year Specification Other Toluene 
grades industrial (all grades) 

a , 2°, 90 grades 

percent 
NOG Eis ee E ed ed E cu 116 ,292 8,516 25,521 
7öö%Ä⁵ũU eee ete we oe eee ata 88 117,991 8,927 24,816 
kr, Ee 110,223 3,709 22,791 
joy ODER dT 86,683 3,959 ; 
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Table 45.—Light-oil derivatives produced at oven-coke plants 
in the United States and sold in 1968, by States 


(Thousand gallons and thousand dollars) 


Benzene (all grades) 


Toluene (all grades) 


Yield Sold Yield Sold 
State from om 
Pro- crude Pro- rude 
duced ligat Si Quantity Value duced light of oil Quantity Value 
re 
(percent) eat 
Alabama__.. .. sel eee cece 9,998 59.2 9,862 $2,237 2,629 15.6 2,780 $526 
Colorado, Illinois, and Utah. ...... 8,047 61.2 8,288 1,618 1,776 13.6 1,618 133 
Indiana, Maryland, and New York. 18,948 67.2 14,966 2,882 1,658 8.0 1,649 247 
Oibo oc oe e ,811 64.2 12,065 2,211 2,846 15.5 2,858 581 
Pennsylvania 47, 036 64.2 50, 537 12,040 10,468 14.3 10,754 2,171 
Tennessee, Texas and West Virginia. 1, 745 71.8 1,721 323 269 11.0 263 47 
Total 1968 92,585 63.9 97,434 21,811 19,645 13.6 19,867 3,704 
At merchant plants 7,625 85.4 6,291 404 1,464 16.4 1,488 199 
At furnace plants 84,960 62.5 91,143 20,907 18,181 18.4 18,429 3,506 
Total 19677 90,642 58.9 88,169 20,941 19, 358 12.6 18, 620 3,694 
Xylene (all grades) Solvent naphtha (crude and refined) 
Yield Sold Yield Sold 
from from 
Pro- crude Pro- crude 
duced light oil Quantity Value duced light oil Quantity Value 
refined refined 
(percent) (percent) 
AlabamaaKnnn „ 574 3.4 722 $170 147 0.9 155 $20. 
Colorado, Illinois and Utah........ 362 218 323 65 (3) (2) (2) (2) 
Indiana, Maryland and New Vork 464 2.2 497 70 888 2.6 98 17 
OVI EE 738 4.0 741 158 696 8.8 691 82. 
Pennsylvania 3,344 4.6 3,129 613 1,988 2.6 1,976 341 
Tennessee, Texas and West Virginia 93 3.8 6 13 (3) (3) (3) (3) 
Total Loop _..-.----------- 5,576 3.8 5,478 1,088 3,714 2.6 2,921 460 
At merchant plants 800 3.4 34 39 18 0.2 5 
At furnace plants l 5,276 8.9 5,181 1,049 8,694 2.7 2,888 454 
Total 1967................. 5,488 3.6 5,768 *1,289 3,633 2.4 2,558 411 


r Revised. 


1 Data may not add to totals shown because of independent rounding. 
2 Included with Indiana, Maryland, and New York to avoid disclosing individual company confidential data. 


s Included with Pennsylvania to avoid disclosing individual company confidential 


data. 


Table 46.—Estimated consumption of 
commercial benzene (excluding 


motor grade) in the United 
States, by use 


898 


(Million gallons) 
1964 1965 1966 1967 r 1968 
Styrene.......... 283 312 360 378 
Phenol 
(synthetic)--..- 146 161 178 178 
Dodecylbenzene.. 31 84 42 45 
Cyclohexane..... 117 160 184 172 
niline 21 24 29 30 
117 12 14 14 11 
Dichlorobenzene 
and mono- 
chlorobenzene.. 20 20 20 20 
Maleic anhydride. 20 22 28 29 
Diphenyls. .....- 5 5 5 5 
Nitrobenzene..... 2 2 2 2 
Miscellaneous 20 20 20 27 
Reported. ......- 87 45 97 100 
Total 764 819 979 997 


Coal Chemicals Institute, Washington, D. C. 


vised. 
1 Coal Chemicals Committee, American Coke and 


NU. S. GOVERNMENT PRINTING OFFICE: 1969 O— 392-740/80 


Columbium and Tantalum 


By Richard F. Stevens, Jr. ! 


Consumption and imports of columbium 
and tantalum fell during the year as a 
result of decreased prices for these mate- 
rials. Although demand for columbium in 
the form of ferrocolumbium continued at 
a high level it was 16 percent below the 
1967 record high. The primary use for 
tantalum continued to be as capacitors in 
the electronics industry. About 1.9 million 
pounds of combined pentoxides (Cb905 + 
Ta205) containing approximately 1.2 mil- 
lion pounds of columbium was released to 
the industry from government stocks. Of 
these releases, about 1.4 million pounds 
(Cb205 + Ta205) was released on nego- 
tiated and sealed-bid basis, while the 
remainder was released as payment-in-kind 
for an upgrading contract. 


Legislation and Government Programs. 
During the year the General Services 
Administration (GSA) continued its colum- 
bite disposal program and sold 835,502 
pounds of combined pentoxides (Chat: + 
Ta205) containing 538,907 pounds of 
columbium (Cb) on a negotiated basis at 
prices ranging from 72'% to 88 cents per 
pound. In addition, GSA sold 768,431 
pounds of combined pentoxides containing 
some 477,834 pounds of Cb in three sealed- 
bid invitations at prices ranging from $0.79 
to $1.024 per pound. Because the latter 
two sales were undersubscribed, it is antici- 
pated that the material not sold, some 
100,000 pounds of contained Cb, will be 
reoffered in 1969. 

The companies who purchased colum- 
bium and tantalum concentrate from GSA 
during 1968 are listed below. 


Pounds Approx- Approx- 
of com- imate imate 
bined colum- tanta- 
Company pent- bium lum 
oxides content content 
(Cb20s (pounds (pounds 
＋Tazos) of Cb) of Ta) 


Associated Metals 


& Minerals Corp--- 17,607 11,267 1,206 
Fansteel Inc. (for- 

merly Fansteel 

Metallurgical 

Corp)! u z: 26,432 16,712 3,052 
Kennametal, Ine 249,114 151,112 26,982 
Metallurg Ine 553,998 360,526 29,769 
Philipp Brothers 697,548 427,752 49,085 
Socomet Inc......... 14,868 9,500 1,046 
South American 

Minerals and Mer- 

chandising Corp. 

(SAMIN CORP) 48,364 31,475 4,258 


During the year Shieldalloy Corp., New- 
field, N.J., a Division of Metallurg Inc., 
was awarded a conversion contract by GSA 
to upgrade Government-furnished colum- 
bium concentrate to ferrocolumbium con- 
taining some 186,000 pounds of Cb for 
the Government stockpile. Shieldalloy was 
paid for these services with 534,860 pounds, 
combined pentoxides, of columbium con- 
centrate containing about 333,463 pounds 
of Cb and 47,579 pounds of Ta. The 
Cbe05 to Taas ratio of this material 
ranged from 6.68:1 to 9.29:1 and averaged 
approximately 8.21:1. 

Three reports were prepared for the 
GSA to help that agency base its plans 
for long-range columbium and tantalum 
disposal programs.” 

1 Physical scientist, Division of Mineral Studies. 

? Charles River Associates Inc. Economic 
Analysis of the Columbium Industry. Cambridge, 
Mass., June 1967, 72 pp. 

. Economic Analysis of the Tantalum 
Industry. Cambridge, Mass., June 1967, 114 pp. 
Herman B. Directors Associates, Inc. Colum- 


bium-Tantalum. Washington, D.C., May 2, 1967, 
120 pp. 
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Table 1.—Salient columbium statistics 


(Thousand pounds) 
1964 1965 1966 1967 1968 
United States: 
Mine production of columbite-tantalite con- 
1J]§Ä5Ü—˙⁰iñ] E 2 u cuesGueeee: ew mue SEES W w W 
Releases from Government stocks (Cb 
e ⁰ 1,659 179 1,191 
Consumption of concentrate: Columbium 
metal contained in all raw materials con- 
sumed (Cb content) III.. 2, 758 2,749 8,878 4,866 8,667 
Production of primary products: Columbium 
metal (Cb eontentdzʒ²ꝛv 95 w w w w 
Ferrocolumbium and  ferrotantalum- 
columbium (Cb +Ta content) 820 1,961 8,664 1,960 2,980 
Consumption of primary products: 
Columbium metal (Cb eontent 124 83 100. 111 92 
Ferrocolumbium and ferrotantalum-co- 
lumbium (Cb 4- Ta content).........- 1,479 2,199 2,697 8,192 2,696 
Exports: 
Columbium ore and concentrate (gross 
A d EEN 843 NA NA NA NA 
Columbium metal, compounds and 
alloys (gross weight) ete d. 5 4 7 6 7 
Imports for consumption: 
Columbium mineral concentrate (gross 
WeiGht) 2 esce . .. . . . . . .. ........- 4,601 4,892 9,278 7,481 8,657 
lumbium metal and columbium- 
bearing alloys (Cb content).........- 4 10 4 (3) 1 
Ferrocolumbium (Gross weight) 172 691 1,280 629 1,171 
World: Production of columbium-tantalum con- | 
centrates (gross weight) 11,751 14,617 28,081 21,002 19,966 
* Estimate 
W Withheld to avoid disclosing individual company confidential information. 
NA Not available. 
1 Includes columbium content in raw materials from which columbium is not recovered. 
2 Includes material released as payment-in-kind for upgrading. 
š Less than Le unit. 
Table 2.—Salient tantalum statistics 
(Thousand pounds) 
1964 1965 1966 1967 1968 
United States: 
Mine production of columbium-tantalum 
nenne Jabewesq etedimé W W W 
Releases from Government stocks (Ta 
nennt 634 307 163 
Consumption of concentrate: Tantalum 
metal contained in all raw materials con- 
sumed (Ta content) . 510 775 1.892 1,730 1,060 
Production of primary products: 
Tantalum metal (Ta content).........- 448 712 1,064 1,021 692 
Ferrocolumbium and ferrotantalum-co- 
lumbium (Cb +Ta content) .......... 820 1,961 8,664 1,960 2,380 
Consumption of primary products: 
Tantalum metal (Ta content).......... 214 435 498 443 428 
Ferrocolumbium and ferrotantalum- co- 
lumbium (Cb Ta content 1,479 2,199 2,6917 8,192 2,696 
Exports: 
Tantalum ore and concentrate (gross 
Weight! 4o nS Te 200 284 168 75 65 
Tantalum metal, compounds, and alloys 
(gross weight -----2-2---2- 32 21 85 59 106 
Tantalum and tantalum alloy powder 
(Ta content ʒ ----------------- 32 25 51 51 84 
Imports for consumption: 
Tantalum mineral concentrate (gross 
Wiel os ee eee eee 981 1,196 2,143 1,675 1,230 
Tantalum metal and tantalum-bearing 
alloys (Ta eontent). ...-.----------- 3 26 48 55 18 
World: Production of columbium-tantalum con- 
centrates (gross weight)....................- 11,761 14,617 23,081 21,052 19,966 


W Withheld to avoid disclosing individual company confidential data. 


NA Not available. 


1 Includes tantalum content in raw materials from which tantalum is not recovered. 
? Includes material released as payment-in-kind for upgrading. 
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Table 3.—Columbium and tantalum materials in Government inventories 
as of December 31, 1968 


(Thousand pounds, columbium and tantalum content) 


National Defense Supple- 


Material Objective (strategic) Production mental Total 
stockpile Act (DPA) stockpile 
inventory 
COLUMBIUM 
Sone 15,999 4,344 358 10,701 
Carbide powder: Stockpile grade 20 77 EE 21 
Ferrocolumbium: 
Stockpile grade 930 ö wesedieis 368 
Nonstockpile gerade... e wu eaaa DOS eat. 8ʃ0606VkC 558 
Metal: Stockpile grade 45 JS E 44 
On order- upgrading E 1 
Oxide powder: Stockpile gradde d- CC MORI 78 
On order- upgrading ·Üͥã desse 13 
TANTALUM 
Tantalum minerals: Stockpile grade............. 2,947 33,153 1,136 6 4,295 
Carbide powder: Stockpile grade 21 dU. Geese 8 29 
Metal: Stockpile grade.......................- 360 189 1.1.1224 T8 183 
On order-upgrading ?$.....................  .......- I8 eebe, eer 18 


1 Includes 209,243 pounds columbium content reserved for upgrading. 
2 Material on order is to be acquired through upgrading contracts. 
3 Includes 3,728 pounds, tantalum content reserved for upgrading. 


DOMESTIC PRODUCTION 


Domestic activity was insignificant dur- 
ing the year and although three companies, 
two in South Dakota and one in New 
Mexico, reported columbite and/or tanta- 
lite stocks at yearend, only one company 
reported production. No domestic material 
entered the market in 1968. 


Production of columbium metal powder 
decreased approximately 66 percent in 
1968 but data continued to be withheld 
to avoid disclosing individual company con- 
fidential data. Production of columbium 
metal ingots decreased during the year 
and was also withheld. Production of tan- 
talum metal powder (including capacitor- 
grade powder) fell 32 percent to 346 
tons in 1968 and production of tantalum 
metal ingots decreased 57 percent to 125 
tons. 


Ferrocolumbium, ` ferrotantalum-colum- 
bium-base, and/or columbium-base master 
alloys were produced by the thermite 
proces by the Kawecki Division of 
Kawecki Berylco Industries, Inc. (formerly 
Kawecki Chemical Co.), Reading Alloys 
Co., Inc. and Shieldalloy Corp. Molyb- 
denum Corporation of America (Moly- 
corp), Union Carbide Corp. and the 
Metallurgical Products Division of Foote 
Mineral Co. produced these ferroalloys in 
electric furnaces. 


The plant at Reading, Pa., which was 
constructed in 1967 by Kawecki to re- 
cover tantalum from tin slags was operated 
to evaluate the metallurgical recovery 
process and then was placed on "standby." 
This plant will be operated during periods 
of higher tantalum ore prices and when 
combined with tantalite imports will pro- 
vide Kawecki with a constant source of 
tantalum raw material at a reasonable price 
level. Tantalum was recovered from Thai- 
land tin slags by Union Carbide Corp. at 
the company's Marietta, Ohio, plant during 
the year. 


Early in 1969 Ranchers Exploration and 
Development Corp. obtained from Michi- 
gan Chemical Corp. an option on the 
Idaho euxenite dredging operations origi- 
nally worked by Porter Brothers Corp. 
Ranchers! plan to evaluate the economic 
feasability of adapting extractive metal- 
lurgical techniques developed by the Bureau 
of Mines to the recovery of columbium, 
tantalum, uranium, thorium, and other 
mineral values from these black sands. 


To take advantage of area's highly 
specialized metallurgical manpower pool, 
two new rare metals facilities were con- 
structed and became operational at Albany, 
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Oreg., during the year. Rem Metals Corp. 
built a $1.5 million plant employing about 
60 people to conduct precision casting of 
columbium, titanium, and zirconium shapes. 
TiLine, Inc., constructed a 16,000-square- 
foot plant to cast metal bodies around 
preformed corrosion-resistant metals. This 
process permits the use of tantalum, zirco- 
nium, and titanium for the lining of valves, 
pumps, and fittings at greatly reduced 
costs. TiLine presently employs about 50 
people at its new $600,000 facility. 

In a new 88,000-square-foot building at 
its Stellite Works in Kokomo, Ind. the Mate- 
rials Systems Division of Union Carbide 
Corp. began operation of the country’s 
first fully integrated refractory metals 
processing facility. The Stellite works is 
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now capable of coverting columbium, tan- 
talum, and vanadium pentoxides (concen- 
trate) into both metal powders and finished 
mill products in a straight-line production 
system. This new centralized system offers 
consistently high-quality products through 
the use of continuous quality control 
operations. 

Early in the year the Metals Division of 
Norton Co., completed a new plant in 
Newton, Mass., that provided an 80-per- 
cent increase in the company’s tantalum 
production capacity. 

The Tantalum Producers Association was 
formed during the year,.in part to obtain 
more accurate statistics and ‘technical in- 
formation on tantalum. 


Table 4.—Major domestic columbium and tantalum processing and 
producing companies in 1968 


Tan- Ferro- Ferro- 
Colum- Tan- talum colum- tanta- 
Company Location bium talum carbide bium  lum-co- 
| lumbium 
Fansteel Inne Muskogee, Okla X X A "eebe. eec 
General Electric Coo Euclid, Ohio X X Os X. xn ueri 
Kawecki Division, Kawecki Beryleo Boyertown, Pa..... x X X >, Susu 
Industries, Inc. 
Kennametal, Inc Latrobe, Pa........ x x PFF 
Linde Division, Union Carbide Corp.. Indianapolis, Ind... X X VV 
Mallinckrodt Chemical Works St. Louis, Mo X X „ 
Mining and Metals Division, Union Niagara Falls, N. v X X X X 
Carbide Corp. Marietta, Ohio ec 
Molybdenum Corporation of America. Washington, Pfñ a. X x 
Metals Division, Norton COOo Newton, Mass X Mm occur quidc Xo Dus 
Reading Alloys, Co., Ine Robesonia, fra... x x 
Shieldalloy Corp... Newfield, N.J...... ...... .. x x 
Stellite orks, Materials Systems Kokomo, Ind...... x X JL. eee eee 
Division, Union Carbide Corp. 
Metallurgical Products Division, Foote Vancoram, Ohio X X 
Mineral Co. Graham, VVT 
Wah Chang Albany (A Teledyne Albany, Oreg...... x x AX. U. Sasu G 


Company). 


CONSUMPTION AND USES 


Columbium consumption in the form of 
high-purity metal totaled 92,384 pounds, 
a 17-percent decrease from 1967. Tantalum 
metal (including capacitor grade powder) 
consumed during the year decreased 5 
percent and totaled 423,063 pounds. About 
60 to 65 percent of this tantalum consump- 
tion was in electronic applications as a 
capacitor, 25 to 30 percent in the chemi- 
cal industry, and 5 to 10 percent as 
carbides. 

Use of columbium in ferroalloy additions 
to steels continued to account for approxi- 
mately 90 percent of the metal consumed. 


Total consumption of columbium plus tan- 
talum in ferroalloys fell 16 percent to 
almost 2.7 million pounds in 1968. Domes- 
tic consumption of ferrocolumbium (FeCb) 
during the year, by major use categories, 
was as follows: Other alloy steels (41 per- 
cent), high-temperature nonferrous alloys 
(23 percent), carbon steels (19 percent), 
and stainless steels (15 percent). 
Consumption of ferrotantalum-columbium 
(FeTa-Cb) continued to be small and 
amounted to only slightly more than 1 
percent of the total reported FeCb plus 
FeTa-Cb consumption (table 7) compared 
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with slightly more than 2 percent in 1967. 
The major uses of ferrotantalum-columbium 
in 1968 were in the production of stainless 
steels (93 percent), other alloy steels (3 
percent), and high-temperature nonferrous 
alloys (3 percent). 

Additional data on ferrocolumbium and 
ferrotantalum-columbium are contained in 
the "Ferroalloy" chapter. 

Utilizing electron beam zone refining 
techniques Westinghouse Electric Corp. has 
developed ultrapure single crystals of 
columbium and tantalum in rods up to 
A.- inch diameter. 

Ultrafine, multistrand, superconducting 
wire has been developed and is being mar- 
keted by Air Reduction Co. Inc. (Airco). 
The multistrand wire which consists of 
individual strands of columbium-titanium 
alloy imbedded in a matrix of copper, is 
being marketed by Airco under the name 
Kryoconducter. Commercial production of 
this wire is being conducted at Airco’s 
manufacturing facility in Franklin Town- 
ship, N.J. 

The world's largest superconducting 
magnet capable of generating a magnetic 
field of 20 kilogauss (KG) (20,000 gauss) 
was installed at Argonne National Labora- 
tory during the year. This magnet was 
wound with coils of columbium-48-weight- 
percent titanium alloy in OFHC (oxygen- 
free, high-conductivity) copper. 

On the basis of information supplied by 
the Electronic Industries Association the 
production of tantalum capacitors, as meas- 
ured by sales, increased 6 percent in 1968 
to 185.8 million units although the value 
fell 9 percent to $88.9 million. 


453 


A report on the use of tantalum was 
released during the year which discussed 
the supply-demand situation for this metal.? 

As an addition to the Bureau of Mines 
statistics reported in this chapter, informa- 
tion obtained from industrial sources and 
based upon shipment data are reported in 
table 5. 


3 National Research Council. Trends in Usage 
of Tantalum—A Report by the Materials Ad- 
visory Board. MAB-242, National Academy of 
Sciences/National Academy of Engineering, 
Washington, D.C., February 1968, 21 pp. 


Table 5.—Reported shipments of columbium 
and tantalum materials 


(Pounds of metal content) 


Per- 
Material 1967 1968 cent 
change 
Columbium products: 
ompounds, 
including 
alloy 906,000 2,121,000 +1384 
Metal, including 
worked 
products...... 92,117 47,8363 —49 
Total Cb..... 998,117 2,168,868 +117 
Tantalum products: 
Oxides and salts. 50, 700 63,000 +24 
Alloy additive... 5,000 16,800 +226 
Carbide 82, 700 62,350 —25 
Powder and 
anodes 476,717 458, 803 —4 
Ingot (un worked 
consolidated 
metal)........ 46,600 14,360 —69 
Mill products.... 222,427 171,117 —28 
Scrap 8,532 12,163 +43 
Other 600 1,100 +838 
Total Ta 893, 276 798,698 —11 
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Table 6.—Consumption of end uses of ferrocolumbium and 
ferrotantalum-columbium in the United States 


(Pounds of contained columbium plus tantalum) 


Product 1965 1966 1967 1968 

Stainless steels 601 ,247 567 ,807 497,116 421,818 
Other alloy steels... ............ 2.2... 2... .- 974,999 1,181,467 1,400,805 1,096,983 
Carbon steels 265,545 862,114 491,460 507,598 
Tele; ðù ĩ menn 1,268 6,018 6,053 3,639 
Welding rods ?.................-..---....-. 11,492 10,813 12,654 10,933 
Gray and malleable casting 158 857 8900; 8 
High-temperature nonferrous alloyss ` 813,043 537,370 536,572 627 ,804 
Permanent-magnet alloys --------------- 5,222 4,512 e 1,700 1,794 
Nickel-base alloys. ........................- 11,468 16,684 12,965 9,063 
Miscellaneous VʒlZ 0aauaMMMaMaesMsMMaMa 14, 302 9,666 13,662 4,882 
I u coiccecopgotonlscewccemx ð—v 8 278,424 12,899 

OUR f ³ĩ;6s %ðᷣͤ- % ðͤ 2,198,744 2,696,808 3,191,711 2,695,908 

e Estimate. 


1 Includes high-speed steel. 


2 Includes hard facing alloys and cutting and wear resistant alloys. 
3 Includes electrical resistance alloys, premixed powders, cemented carbides, capacitors, flame plating 
high-nickel chromium alloy coatings, metal-to-glass seal materials, and unspecified alloy powders. 


STOCKS 


The following yearend columbium and 
tantalum materials (given in pounds) were 
reported in inventories: 


Decem- Decem- 
Material ber 31, ber 31, 
1967 1968 
COLUMBIUM 
Primary metal -a ---- r 63,504 42, 268 
S%hhh;;* . Da r 46,058 48,051 
r cist ol 35,728 74,198 
at TEE r 597,436 679,604 
Other compounds 24, 703 16,366 
TANTALUM 
Primary metal ..--.------- 111,071 154,752 
Capacitor-grade powder r 147,941 146,295 
ING OC ee sss us es r 155, 978 140,162 
8%] EES r 167,655 181,701 
G /ô§ö§;ð A 222 r 156, 889 293,111 
di ie I fluoride 
(K SEAM E ace ee cco Ru r 267,630 455,881 
Other compounds r 56,428 44, 040 


r Revised. 


Stocks of columbium and tantalum raw 


materials, as reported by consumers and 
dealers at yearend 1968 totaled as follows 
(in short tons 1967 figures in paren- 
theses): Columbite, 1,020 (1, 298); tanta- 
lite, 1,972 (1,819); pyrochlore, 464, (433); 
tin slag, 31,981 (32,852); and other, 233 
(104). 

Consumer inventories of ferrocolumbium 
and ferrotantalum-columbium as of Decem- 
ber 31, 1968, were as follows (with 1967 
yearend stocks in parentheses): Ferro- 
columbium, 361,013 pounds contained 
columbium plus tantalum (Cb Ta) (681, 
778); and ferrotantalum-columbium, 16,800 
pounds contained Cb+Ta (21, 117). Pro- 
ducer stocks of ferrocolumbium at yearend 
1968 were 1,194,300 pounds contained Cb 
(r 950,000); producer stocks of ferrotan- 
talum-columbium were withheld to avoid 
disclosing individual company confidential 
data. 


PRICES 


Spot prices for columbite ore, c.i.f. U.S. 
ports, as reported by Metals Week de- 
creased from $0.90 per pound of contained 
pentoxides for material having a Cb205 to 
Ta205 ratio of 10:1 at the beginning of 
1968 to $0.80 to $0.89 per pound at year- 


end. Under long-term contracts columbite 
reportedly sold at discounts from the spot 
quotations, but prices were subject to nego- 
tiation and no quotations were published. 
The quoted price for Brazilian pyrochlore 
concentrate, f.o.b. shipping point, remained 
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constant during the year at $0.955 per 
pound of Cbe0s for both spot and 1-year 
contracts. At the beginning of the year 
Canadian pyrochlore concentrate, f.o.b. 
mine or mill, was quoted at $0.95 per 
pound of Cb20s for long-term contracts 
and at $1.02 to $1.07 per pound on a spot 
basis. At yearend the long-term contract 
price had been discontinued and was sub- 
ject to private negotiation while the spot 
price was quoted at $0.92 to $0.98 per 
pound of Cb205. The price for tantalite 
ore and concentrate, 60 percent basis, c.i.f. 
U.S. ports, continued to fall during the 
year and reportedly was in the range from 
about $5.50 to $7.50 per pound of con- 
tained pentoxides having a Ta»05 to Cb20g 
ratio of 3:1. | 

The price quotations of various grades 
of ferrocolumbium per pound of columbium 
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content, ton lots, f.o.b. shipping point, 
remained unchanged during the year and 
were as follows: Low alloy grade, $2.45 to 
$2.60; standard grade, $2.45 to $2.60; and 
high purity grade, $3.82 to $4.50. 

The quoted price of tantalum metal, 
depending upon grade, remained constant 
during 1968 and was $32 to $46 per 
pound for powder; $36 to $60 per pound 
for sheet and $40 to $52 for rod. 

Throughout the year the price of colum- 
bium metal remained unchanged. Colum- 
bium-powder roundels, 99.5 to 99.8 percent 
purity, was quoted at $11 to $22 per pound 
for metallurgical grade material and at 
$12 to $23 per pound for reactor-grade 
material. Columbium ingots were quoted 
at $16 to $27 per pound for metallurgical- 
grade material and at $17.50 to $28 per 
pound for reactor-grade material. 


Table 7.— Average grade of concentrate received by U.S. consumers and dealers 
in 1968 by country of origin 


(Percent of contained pentoxides) 


Pit 
Rhodesia, Southern 


South Africa, Republic of——— «c 


NA Not available. 


Columbite Tantalite 
Ch20s T 830; Ratio Tas0s Che0s 
43 16 2.7:1 NA NA 
"e CDM ror MES Io 49 19 
54 .026 2,080:1 82 29 
52 . 11 VCC 
38 35 1. 1:1 98 38 
54 15 8.6:1 NA NA 
62 1.5 8.8:1 49 22 
67 7 9. 6:1 56 18 
97 31 1.2:1 83 27 
NA NA NA 18 
36 82 1.1:1 80 85 
Sis. steer. cut DROP 40 27 
58 15 3.931 NA NA 


1 Material reported from Brazil as columbite represents primarily pyrochlore. 


2 Pyrochlore concentrate. 
3 Columbite data estimated. 
* Excludes tin slag, See footnote 7 of table 14. 


FOREIGN TRADE 


Most of the columbium and tantalum 
exports during the year were shipped pri- 
marily to Japan, Canada, and Western 
Europe. Unwrought tantalum metals and 
alloys, the largest export item by volume, 
was destined for the United Kingdom (61 
percent), West Germany (19 percent), 
Japan (14 percent), Canada (4 percent), 
and Austria (2 percent). Tantalum and 
tantalum alloy powder, the largest value 


item, was exported primarily to West 
Germany (23 percent), Japan (22 per- 
cent), Austria and the United Kingdom 
(18 percent each), Italy (7 percent), and 
France and the Netherlands (6 percent 
each). Tantalum ore and concentrate, be- 
lieved not to be of domestic origin, was 
shipped to Belgium-Luxembourg (62 per- 
cent), West Germany (31 percent), and 
Japan (7 percent). 
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Table 8.—U.S. exports of columbium and tantalum, by classes 
(Thousand pounds, gross welght, and thousand dollars) 


Class 


1967 
Quantity Value 


Columbium and columbium alloys unwrought and waste and 


Tantalum metals and allo 
Tantalum and tantalum 


t Revised. 


Imports for consumption of unwrought 
columbium, all from West Germany, more 
than doubled during the year and totaled 
900 pounds, columbium content, valued at 
$12,510. Imports of unwrought columbium 
alloy increased by a factor of almost six 
and totaled 82 pounds valued at $2,852. 
These imports were received from Switzer- 
land (61 percent), France (21 percent), 
and West Germany, (18 percent). Imports 
of wrought columbium, almost all from the 
United Kingdom, totaled 108 pounds 
valued at $12,531 in 1968 compared with 
no transactions in 1967. Imports for con- 


Tantalum and tantalum alloys, wrought............. 


—— 2 $57 $28 
— sas á 284 269 
3 75 224 65 142 
3 10 704 18 727 
5 49 796 1,080 
ge *51 21,599 84 2,688 


sumption of unwrought tantalum metal, 
including waste and scrap, decreased 70 
percent during the year to 16,583 pounds, 
tantalum content, valued at $176,892. This 
material was imported primarily from the 
United Kingdom (55 percent), Belgium- 
Luxembourg (26 percent), Switzerland (7 
percent), and France (6 percent). Imports 
of unwrought tantalum alloys, all from 
West Germany, increased to 142 pounds 
valued at $3,221 during the year. Imports 
of wrought tantalum, all from the United 
Kingdom, increased by a factor of 36 to 
1,138 pounds valued at $4,983 in 1968. 


Table 9.—Receipts of microlite and tin slags reported by consumers 


(Thousand pounds) 
1966 1967 1 1968 1 
Material — — a— É -_ — 
Gross Cbzos Tas0s Gross Chs0s Task Gross Ch20s Ta)» 
weight content content weight content content weight content content 
Microlite................ 9 (2) 6 —— — — — — — 
Ä“ 10, 220 889 660 28,918 2,902 1,572 8,709 541 510 


1 Microlite reported as tantalum concentrate. See table 11. 
* Less than 1⁄4 unit. 
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Table 10.—U.S. imports for consumption of columbium-mineral concentrates by countries 


(Thousand pounds and thousand dollars) 


1966 1967 1968 
Country — — — —— — ———Ə ———əƏə Üw ə >Ü nB 
Quantity Value Quantity Value Quantity Value 
e u pe SU K We: 
/ scl EE 
Jö. E ³⅛o˙- fis h oof .--@ EE 
BCC 1 $2 83 IIb ¿Luz ⁰ 
EE ee A 4,995 2,622 8,536 1,963 2,163 1,348 
Burundi Rwanda EE 15 
Seen ea a E nee Be mee ae es MERE 1,524 870 891 482 295 157 
Congo (Kinshasa) 128 226 66 189 207 542 
f, v, , , ] E ek et, ee 
Ganon os o ruoli saca ³ÄQA . 7⅛ð8A ` eres. = ⁊ ͤ v nsu nasi 7 4 
Germany, Wees .. 80 VAA. S cheeses 
Ivory Cosst....................... 15 JJ) ͤ ½—.! 8 
KOnVR. occ ⅛ A ree SHORE JC Meee ee 6 6 
Malagasy Republic................. ..-----. -------- 7 EE 
Malaysia... . ³·⁰¹V . . . . . ( 74 78 202 272 133 122 
Moambi uu cc. 222022000 dnm mE 11 19 18 84 
Netherlands eier mm- ⁊ð Ae 18 19 
Nee. recen ERTe 2,421 1,678 2,519 1,848 137 431 
Pen... 2922 cx uu us AS mu urere Lat iol lA M Mi E 
Prei ðiĩ1 ð 28 64 18 29 16 30 
Rhodesia, Southerrn .......- 8 13 8 11 
South Africa, Republic of 11 lU .222sl25222 ẽ ꝙ ] ͤ¶wA—2—Lf.ñ ME. Xni. 
Dali- 2. ], , . aG 10 SEH 9 26 
Switzerland 22 ö»Ü—Ü— Geese” Sue: eee Soe 
Uganda 2 ile hee LSTeS 15 18 4 5 7 6 
United Kingdom. ........ ß dessus. Secteces 18 |j EG 
Western Africa, n.e.C. - . 11 195 duke usu naa 
iS so EE 9,278 5,678 7,431 5, 266 3,657 2,848 


1 Presumably country of transshipment rather than original source. 


Table 11.—U.S. imports for consumption of tantalum-mineral concentrates by countries 


(Thousand pounds and thousand dollars) 


1966 1967 1968 
Country ——  —— ———— 
Quantity Value Quantity Value Quantity Value 
Argentina... e E 10 $33 8 $17 7 $25 
Australe. besteet beer 29 93 58 211 71 247 
Belgium-Luxembourg . 27 90 60 244 15 42 
OMS Mot A eR EAT. 8 287 984 856 1,668 842 1,472 
Burundi-Rwanda................... 20 25 45 136 6 

Central African Republic 5 7J7·ö˙³5ðä nicus 
Congo (Kinshasa) .................- 993 1,768 318 798 Se ge 
French Guiang .. .. . ... . . . ... .-.- (O SEENEN 
Germany, West 109 B12 22252 Su sus 22 108 

Kënyg ot os oe 8 27 29 21 5 
Malagasy Republic 1 (2) 15 28 Justo sapo aass 
VB lie cna te cece iss aue 36 41 106 15 10 
Mozambique......................- 175 508 241 988 806 869 
Netherlands lll. 166 101 42 86 4 65 
/%yf́tr oeDowsuiedes 40 128 135 288 20 77 
Portugal.......................--.- 67 258 99 262 24 76 
odesia, Southern 16 35 41 183 17 72 
gout Adrien Republie o 8 10 18 98 14 25 
77% K ĩ er So eee 13 29 11 37 14 30 
lind. eoe Lm 8 89 282 138 212 8 
run JJ ³ðAAJ 8 H í 24 67 12 47 
FUBUSY EEN olg" ͥ . . Quan sbs 
Western AI dëst 8 17 dÉ EE 
Western Portuguese Africaa 20 BÜ- ecules. Ae sp ee s 8 
Ne 1 EE 2,143 4,782 1,675 5,510 1,230 4,164 


1 Presumably country of transshipment rather than original source. 
2 Less than Ae unit. 
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Table 12.—Estimated U.S. imports for 


consumption of ferrocolumbium 
by major countries 


(Thousand pounds, gross weight) 


Country 1965 1966 1967 1968 
Austria 286 281 22 110 
Bras oso AA ects 870 904 466 1,025 
Canada 52 70 
Germany, West 33 75 90 ..... 
United aoa EEE 5 10 23 

Total............ 691 1,280 629 1,171 


Table 13.—U.S. import duties 


(Per pound) 
Rate of duty ! 
Tariff 
classification Article Effective Effective 
number Jan. 1, 1968 Jan. 1, 1969 
601.21 Columbium concentrate 1D 5, - AA Free 
601.42 Tantalum concentrate -- Free Free 


607.80 Ferrocolumbium and ferrotantalum-colum- 9 percent ad valorem.. 8 percent ad valorem 


bium 

Columbium: 
628.15 Unwrought, waste, sera 
628.20 Wrought. rr 
628 .17 Unwrought Cb alloys. sss 

Tantalum: 
629 .05 Unwrought, waste, scrap. ......... 
dE 10 Wrought........................ 


Unwrought Ta alloy 


-... 9percentad valorem.. 8 percen 
-... 16 percent ad valorem. 14 percent ad valorem 
-... 18 percent ad valorem. 12 percent ad valorem 


t ad valorem 


-... 9 percent ad valorem.. 8 percent ad valorem 
-... 16 percent ad valorem. 14 percent ad valorem 
en * percent ad valorem. 12 percent ad valorem 
---- 9 percent ad valorem.. 8 percent ad valorem 


1 Not applicable to Communist countries. 


WORLD REVIEW 


Australia.—Vultan Minerals Ltd. was 
incorporated during the year to explore 
for and recover minerals from land pur- 
chased from its parent organization, the 
Vultan Syndicate. The company will con- 
struct a new plant adjacent to its present 
facility at Greenbushes, near Perth, Western 
Australia to increase its treatment capa- 
bility to tin-tantalite concentrates from the 
present rate of 1,700 pounds per week. 
Approximately 20 percent of the concen- 
trate processed is tantalite and the re- 
mainder is tin. One of the outstanding 
features of the new plant will be a high 
efficiency crusher to liberate additional 
tin-tantalite concentrate from the ore which 
presently is not recovered and is deposited 
in the tailings. 

The Canadian firm, Goldrim Mining Co. 
entered an agreement with Tantalum Min- 


ing Corp. of Canada Ltd., whereby the 
latter firm would provide financing for 
development of Goldrim's Wodgina tanta- 
lite property in Western Australia. In the 
drilling program conducted during 1968, 
75 percent of the drill holes were reported 
to show good tantalite mineralization. 

A detailed evaluation of recent develop- 
ments at the tantalite recovery operations 
of Greenbushes Tin N.L. in Western Aus- 
tralia was published which described the 
extractive metallurgical operations, equip- 
ment, and reagents employed. The final 
tantalite concentrate from this operation 
assays 48 to 49 percent Ta»0;. | 

During the year a substantial increase in 
Australian tantalite production was re- 


* Woodcock, J. T. Ore Dressing Developments 
in Australia, 1967. Australian Min., Melbourne, 
Australia, v. 60, No. 7, July 15, 1968, pp. 81-83. 
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ported as most of the recovery plants 
operated at or near their maximum capac- 
ity. Much of this increase was the result 
of Australia’s higher tin production from 
which tantalite was recovered as a by- 
product. All tantalite production comes 
from operations in Western Australia. 


Brazil.—As a result of the low price 
and decreased demand for columbium in 
1968, Brazilian columbium production fell, 
but Brazil remained the major world 
producer of columbium raw materials. 
Companhia Brasileira de Metalürgia e 
Mineracao (CBMM ), the country's leading 
producer, continued to recover columbium 
concentrate from rich pyrochlore ores con- 
taining 44- percent Cb905 at the company 
mine and mill at Araxa, Minas Gerais. 

CBMM also continued to produce ferro- 
columbium (FeCb) from these concentrates 
in three thermite-type batch reactors and 
exported all but approximately 30 tons 
which were consumed domestically. Because 
of Molybdenum Corporation of America's 
financial and technical interest in these 
operations, over half of the material ex- 
ported was shipped to the United States. 


Canada.—St. Lawrence Columbium and 
Metals Corp. produced pyrochlore con- 
centrates from its underground mining 
operations and mill facilities near Oka, 
Quebec and continued to be Canada’s sole 
columbium producer in 1968. In addition 
to producing concentrates for export, pri- 
marily to Western Europe, St. Lawrence 
processed some of this concentrate to ferro- 
columbium for the Canadian steel market. 

During the first half of the year St. 
Lawrence operated at about 75 percent of 
its rated capacity as part of a cutback 
policy agreed upon with Brazilian and 
Nigerian columbium producers. During 
this period the mill processed approxi- 
mately 1,400 tons of ore per day of which 
about 50 percent came from the company’s 
stockpiles of material mined previously by 
open pit techniques. The remainder came 
from underground operations and mill re- 
covery was approximately 3 pounds of 
Cb205 per ton of ore. During the second 
half of the year the mill recovery rose to 
some 6.6 pounds of Cbzos per ton of ore, 
all from underground mining operations. 

St. Lawrence indicated that anticipated 
production in 1969 would increase 25 per- 
cent over that of 1968 as the higher grade 
underground ore was processed. 
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Tantalum Mining Corporation of Canada 
Ltd. (TMCC), a joint venture by The 
Goldfield Corp. and Chemalloy Minerals 
Ltd., completed construction of a 500-ton- 
per-day mill at Bernic Lake, Manitoba, 
late in the year and will become Canada's 
first tantalum producer in 1969. It is 
anticipated that this mill will have a 
recovery rate of 70 percent. TMCO's tan- 
talite reserves have been estimated at some 
2 million tons of ore averaging 0.25 per- 
cent Ta205. Design of the mill was based 
upon pilot-plant studies which indicated 
that the most efficient method of recovery 
was by a combination of gravity concen- 
tration and high-intensity magnetic separa- 
tion processes." 

Pilot-plant studies of a 250-ton sample 
from the James Bay pyrochlore deposit 
were being conducted by Lakefield Re- 
search late in the year. It is expected that 
firm feasibility studies will be completed 
during 1969 and, following evaluation of 
the columbium concentrate by potential 
customers, operation of the deposit will 
begin early in 1970. 


Congo, (Kinshasa).—Société Miniere de 
Lueshe (SOMILU.), in which Union Car- 
bide Corp. holds controlling interest, ob- 
tained a concession to mine the pyrochlore 
deposits at Lueshe and Bingo following 
several years of exploration to determine 
the grade and size of these deposits. 


France.—Cie. Générale de Télégraphic 
sans Fil of Paris has been licensed by 
Kawecki Berylco Industries, Inc. as the 
exclusive European marketer and manu- 
facturer of the new cryogenic columbium- 


tin superconducting alloys developed by 
the U.S. firm. 


Germany, West.—Effective July 1, 1968, 
the columbium and tantalum activities of 
Ciba Rare Metals, a division of Ciba Ltd., 
Basle, Switzerland, were transferred to the 
West German metal processing firm, 
Hermann C. Starck, Berlin. Starck will 
continue the production of these columbium 


Resources, Geology and 
Mineral Industry: Quar- 
terly eee and Quarterly Statisties. Camberra, 
Australia, v. 21, No. 1, October EN 50 pp. 
V. 621. No. 2, December 1968, 50 p 
owe, A. PLN E. Canada's First Tantalum 
estern Miner, v. 41, No. 12, Decem- 
ber 1968, pp. 39-49. 

7 Raicevic, D. Concentration of Tantalam From 
the Bernic Lake Pegmatite Deposit, Manitoba. 
Canadian Min. and Met. Bull, v. 61, No. 680, 
December 1968, pp. 1489-1444. 


COLUMBIUM AND TANTALUM 


and tantalum products at the plant in 
Basle. 


Japan.—Imports of powdered tantalum 
metal increased sharply during the year 
and totaled some 14,000 pounds compared 
with 6,160 pounds in 1967. About 90 
percent of this material was used in 
capacitor production. Because domestic 
production of tantalum powder by the 
three major producers, Showa Denko, Shin- 
etsu Chemical, and Tokyo Denkai, totals 
only about 2,860 pounds annually almost 
all of the remaining tantalum powder re- 
quirement for the rapidly growing Japanese 
electronics industry must be supplied by 
imports. 


Kenya.—Prospecting and mining rights 
for exploitation of the Mrima Hills pyro- 
chlore deposits were granted to the French 
firm Pechiney Saint-Gobain during the 
year. In addition to the columbium content 
of the ores, significant quantities of rare- 
earth oxides (REO) are also known to 
occur in this deposit. It is believed that 
Pechiney's prime interest is in recovering 
REO from this deposit which is estimated 
to contain approximately 7 million tons of 
5+ percent rare-earth oxide material and 
some 35 million tons of 1.1-percent mate- 
rial. While existence of the deposit has 
been known for several years, this material 
has not been mined commercially because 
of the extreme difficulty in processing the 
complex ore. Recent metallurgical studies 
have indicated that economic methods of 
coproduct recovery of the mineral values 
(columbium and REO) from these ores 
are now feasible. 


Mozambique.—A high-grade columbite- 
tantalite deposit was discovered approxi- 
mately 210 miles inland from the port of 
Nacala and some 38 miles north of the 
rail line to that city. This material re- 
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portedly contains 45 percent Cb205 and 
35 percent Ta»0;. 


Nigeria.—Although the Nigerian colum- 
bite-tantalite operations are not located 
near the troubled Southeastern area claimed 
by Biafra, consumers have been reluctant 
to enter long-term agreements because of 
the country's continued political turmoil. 
As a result, exports of columbium-tantalum 
concentrates recovered as a byproduct of 
tin mining operations decreased during the 
year but were sufficient to rank Nigeria 
third (behind Brazil and Canada) in 
columbium production. 

A paper by the Nigerian Chief Inspector 
of Mines was released which described 
Nigeria's potential for producing colum- 
bite and tantalite minerals and indicated 
that traditionally the major columbite pro- 
ducers were located in Plateau, Benue, 
Bauchi, and Kano Provinces while the 
major tantalum producers were located in 
the Provinces of Plateau, Zaria, Kabba, 
and Niger.“ 


South-West Africa, Territory ol Al- 
though Tantalite Valley Minerals (Pty.) 
Ltd., in the Warmbad district, produces 
some tantalum concentrate by hand sorting 
of ore recovered from underground mining 
operations, no large-scale mining has oc- 
curred due to bad roads, the long distance 
to railroad shipping facilities, and low 
tantalum prices.“ 


United Kingdom. Kawecki Berylco In- 
dustries, Inc., issued a license to the R ynoch 
works of Imperial Metal Industries Ltd. 
(IMI), a subsidiary of Imperial Chemical 
Industries Ltd., of Birmingham, which 
allows IMI to be the exclusive European 
marketer and manufacturer of columbium- 
and tantalum-base alloys developed by the 
U.S. company for high-temperature struc- 
tural applications in the aircraft, aero- 
space, and nuclear fields. 


TECHNOLOGY 


Studies of columbium and tantalum 
alloys suitable for high-temperature applica- 
tions were continued by metallurgists of 
the Bureau of Mines and of 56 alloys which 
were investigated the Cb-Hf-W-Zr-Al-Ti-N, 
Cb-Hf-W-Zr, Cb-Ti-Zr-Hf, Ta-Hf-Al, and 
Ta-Hf-W-Al systems showed superior high- 
temperature strength.” At 1,200° C the 
columbium alloys had strength values of 


40,000 psi (pounds per square inch) or 
greater, and the tantalum alloys had 
strength values from 50,000 to 58,000 psi. 


8Tfaturoti, E. A. Nigeria’s Potential For Pro- 
duction of New Metals and Minerals. Investor's 
Digest (London), June 1968, pp. 21-24. 

? Mining Magazine (London). Tantalite Min- 
ing. V. 117, No. 6, December 1967, pp. 448—445. 

10 Babitzke, Herbert R., and Jack G. Croeni. 
Study of Columbium and Tantalum Alloys. 
BuMines Rept. of Inv. 7116, April 1968, 16 pp. 
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As part of further studies of alloys suitable 
for elevated temperature uses the Bureau 
also evaluated the solid solution and precipi- 
tation-hardening effects, formability, and 
oxidation resistance of 33 additional colum- 
bium and tantalum alloys." 

In other Bureau of Mines research, ex- 
tractive metallurgical evaluations of colum- 
bium-tantalum minerals were conducted 
which indicated the optimum conditions 
for batch flotation of natural columbium, 
tantalum, and pyrochlore ores and the 
vapor pressure of liquid columbium was 
determined at elevated temperatures." 

The geochemistry of the world's colum- 
bium and tantalum minerals was sum- 
marized in a report by the Geological 
Survey.” This report also included a 
glossary of columbium and tantalum 
minerals. 

A technical progress review of alloy 
development, irradiation effects, fabrica- 
tion, oxidation and corrosion resistance and 
coating studies of columbium and tantalum 
and their alloys was conducted for the 
U.S. Atomic Energy Commission (AEC) 
with special emphasis on high-temperature 
reactor material applications.“ 

In addition to alloy development work 
conducted by the Bureau of Mines and 
the AEC, evaluation of high-temperature 
columbium- and tantalum-base alloys was 
continued by the U.S. Air Force and its 
contractors. À high-strength Cb-29 Hf-14 
W-2 Ta-1.5 Zr-0.2 C alloy (in weight- 
percent) containing trace elements of 
hydrogen, oxygen, and nitrogen was de- 
veloped which produces its own oxidation 
resistant coating upon exposure to the 
atmosphere at elevated temperatures.“ 
Although only 0.03 to 0.04 inch thick the 
coating is sufficient to protect the colum- 
bium base alloy when subjected to the 
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elevated temperatures encountered in air- 
craft turbines. 

Integrated tantalum thin-film circuits, 
capable of high precision which make 
possible the manufacture of Touch-Tone 
telephone generators and adjustable atten- 
uators, are experiencing a rapid rate of 
growth due to their high reliability, low 
cost, small size, and ability to tailor elec- 
tronic values in normal processing to meet 
circuit requirements.” 

The state of technology of refractory 
metal alloys, including those of columbium 
and tantalum, was evaluated and physical 
and mechanical metallurgy, reactions with 
gases and liquid, applications and tech- 


nology, and alloy development were 
reviewed. 
u Babitzke, Herbert R., Laurance L. Oden, 
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Copper 


By John W. Cole ! 


At the beginning of 1968 more than 90 
percent of the domestic copper industry was 
closed by continuation of the labor strike 
that started in July 1967. Available refinery 
capacity was further reduced by 198,000 
tons per year on January 20 when Kenne- 
cott Refining Corporation's Anne Arundel, 
Md., plant was closed by a labor strike. 
The strike that closed the copper producing 
industry was settled on a company by com- 
pany basis beginning on January 25, when 
striking workers at the White Pine copper 
mine in Michigan ratified a new contract 
between the company and United Steel- 
workers of America. Full operations were 
resumed at most plants during April. 


Legislation and Government Programs.— 
During the year the quantity of copper in 
the national stockpile was reduced 13,800 
tons by Government agency withdrawals. 
Not including Oxygen Free High Con- 
ductivity (OFHC) copper, the total in the 
stockpile at yearend was 201,300 tons, 29 
percent of the objective of 702,800 tons. 
The quantity of OFHC copper in the stock- 


pile remained unchanged during the year 
at 60,100 tons, 89 percent of the objective 
of 67,600 tons. 


On resumption of operations after settle- 
ment of the copper industry strike, export 
controls, administered by the Office of 
Export Control, and producers set asides, 
administered by the Business and Defense 
Services Administration (BDSA), both in 
the U.S. Department of Commerce, again 
become effective. Export licensing quotas 
for the second half were as follows: 


Refined copper (domestic origin). 25,000 tons 
Copper-base scrap. zzz 25,000 tons 
Copper-base ingot alloys..........- ,500 tons 
Semifabricated copper products 

and copper master alloys. ...... 9,000 tons 
sopper ores, concentrates, matte, 

blister and other refined copper.. Closed quota 
Other copper products...........- open-end 

quo 


The large increase in exports of copper 
scrap to Canada demonstrated the ineffec- 
tiveness of export controls as long as they 
did not apply to Canada. Late in the year, 
Canada was added to the quota list and 
allotted a quota of 2,400 tons for 1969. 


DOMESTIC PRODUCTION 


PRIMARY COPPER 


Mine Production.—On resumption of 
operations after settlement of the strike, 
mine production of recoverable copper in 
most States returned to normal in April. 
May’s production was 126,000 tons, com- 
parable to the monthly production in 1966 
and early 1967 before the strike began. 
The total production for the year was 
1,205,000 tons, 26 percent greater than in 
1967, but 16 percent less than in 1966. 
However, the average monthly production 
during the last half of 1968 was only 
slightly less than the average monthly 
production during the first half of 1967. 

The average recoverable copper content 
of ore declined from 0.63 to 0.60 percent, 


continuing the average yearly decline of 
0.03 percent that has prevailed since 1964. 

Recovery of precipitate copper (table 7, 
footnote 1) was 147,000 tons, up 14 per- 
cent from that of 1967, and equal to 14 
percent of the copper recovered by other 
methods (12 percent of recoverable mine 
production). 

Smelter Production.—Total output of 
copper at primary smelters in the United 
States increased 47 percent from 1967 
output but was 14 percent less than in 
1966. The average monthly smelter produc- 
tion during the last half of 1968 was 
146,000 tons compared with 140,000 tons 
during the first half of 1967. 


1 Physical scientist, Division of Mineral Studies. 
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Table 1.—Salient copper statistics 


1964 1965 1966 1967 1968 
United States: 
Ore produced . thousand short tons 155, 200 173,286 186,966 127 ,066 170,054 
Average yield of copper.....percent.. 0.7 0.70 0.67 0.63 0.60 
y (new) copper produ 
From domestic ores, as reported by— 
6 ort tons.. 1,246,780 1,851,784 1,429,152 954,064 1,204,621 
Mert 33 thousands.. $812,901 3957, 028 $1,038,850 $729, 401 $1,008,195 
Smelters.......... short tons.. 1,301,116 1,402,806 1,429,863 841,848 1,234,724 
Percent of world total....... 14 19 
Refineries short tons.. 1,259,852 1,885,660 1,953, 087 846,551 1,160,925 
From foreign ores, matte, etc., as 
reported by refineries 
short tons 896,543 876,133 857,897 286,481 276,461 
Total new refined, domestic and 
foreign........... short tons.. 1,656,395 1,711,798 1,710,984 1,182,982 1,437,886 
Secondary copper recovered from old 
E scrap only. 7) short tons 413,521 518 , 486 534,860 482, 659 520, 772 
ports: 
Metallic copper........short tons 881,432 879,498 819,314 221,066 813,741 
Refined. .................. do.... 816,230 824,965 273 , 071 159 ,858 240 , 745 
Imports, general: 
Unmanufactured........... do.... 586,064 523, 141 594, 704 649,227 709, 975 
Ahed o Susa do.... 139,974 187 ,443 164,328 830,571 400,278 
xp Dec. 31: Producers: 
fined............... short tons 87,000 35,000 43,000 27, 000 48,000 
Bie and materials in solution 
short tons 246,000 246, 000 270, 000 220, 000 272, 000 
ee˖‚‚õ*;» 8 283,000 281,000 813,000 247 ,000 820,000 
Withdrawals (apparent) from total sup- 
ply on domestic account: 
Primary copper short tons.. 1,495,000 1,526,000 1,593,000 1,820,000 1,576,000 
Primary and old copper (old scrap 
only)) short tons.. 1,969,000 2,039,000 2,128,000 1,808,000 2,097,000 
w 3 Weighted average cents per pound. 82.6 85.4 86.6 88.6 4 
orld: 
Production: 
I6... ace 8 short tons.. 5,297,121 5,549,074 65,800,841 5,518,602 5,898,620 
Smelter.................-- do.... 5,791,720 6,104,622 6,123,899 5,989,056 6,649,331 
Price: London, average cents per pound. 43 .88 58.52 69. 51.19 56.13 


Refinery Production.—Production of re- 
fined copper from all materials processed 
at primary refineries was 1,781,000 tons, 
up 21 percent from that of 1967. The 
average monthly production during the 
last half of 1968 was 127,000 tons com- 
pared with 121,000 tons during the first 
half of 1967. Refined copper produced at 
secondary plants was 72,000 tons compared 
with 62,000 tons in 1967. The total pro- 
duction of refined copper produced from 
scrap in the United States was 416,000 
tons, equal to 35 percent of domestic mine 
production. 


Of the forms cast at primary refineries 
wire bars constituted 59 percent, ingot and 
ingot bars 13 percent, and cathodes 11 
percent. 


Copper Sulfate.—Production of copper 
sulfate increased 9 percent from that of 
1967, to 43,800 tons. Shipments increased 
8 percent over those in 1967, and were in 


balance with production. Producers reports 
indicated that 19,000 tons was sold for 
agriculture uses, 24,000 tons was for in- 
dustrial uses, and 1,000 tons was for other 
uses (chiefly exports). 


Byproduct Sulfuric Acid.—Sulfuric acid 
produced from the sulfur contained in 
off-gases from copper smelters increased 
38 percent from that of 1967 and 3 per- 
cent from that of 1966. Low production 
in 1967 was due to the copper industry 
labor strike. 


SECONDARY COPPER AND BRASS 


Recovery of copper in the United States 
in alloyed and unalloyed form, from all 
classes of purchased scrap totaled 1.22 
million tons in 1968, up 5 percent from 
that of 1967, but 8 percent below the 
record set in 1966. Copper recovered in 
all forms from copper-base scrap at sec- 
ondary smelters was up 6 percent but was 


COPPER 


about the same at primary copper pro- 
ducers; at brass mills, it was up 10 percent 
and at foundries and manufacturers it was 
up 4 percent. 

Consumption of purchased copper-base 
scrap totaled 1.6 million tons, an increase 
of 7 percent from that of 1967. Use at 
secondary smelters increased 6 percent to 
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450,000 tons, of which 77 percent was old 
scrap. Primary producers used 513,000 
tons, a 7- percent increase from that of 
1967, and brass mill consumption rose to 
595,000 tons, an increase of 10 percent. 
Foundries and other plants used 103,000 
tons compared with 100,000 tons in 1967. 


CONSUMPTION 


Apparent withdrawals of primary copper 
totaled 1.6 million tons, up 19 percent 
from 1967 levels but slightly less than in 
1966. Actual consumption of refined copper 
was 3 percent less than in 1967; from a 
monthly low of 95,000 tons in February 
it rose to 204,000 tons in October and 
then fell to 161,000 tons in December. 


Actual consumption is based on consumers 
reports of quantities entering processing 
with no adjustments for changes in stocks. 

As far as possible to ascertain, only new 
copper is included in table 26, but table 
27 does not distinguish between old and 
new copper, but includes all copper in 
refined form. 


STOCKS 


Primary producers stocks of refined 
copper dropped from a yearend 1967 low 
of 27,000 tons to 25,000 tons at the end of 
March. On resumption of operations in 
April after settlement of the labor strike, 
stocks rose gradually to 52,000 tons at the 
end of November and were 48,000 tons at 
yearend 1968. Unrefined copper stocks 
started the year at a low of 220,000 tons, 


rose to 312,000 tons in August and finished 
the year at 272,000 tons. 

Fabricators stock of refined copper, in- 
cluding in-process metal and primary fabri- 
cated shapes, were 514,500 tons at yearend, 
7 percent greater than at the beginning of 
the year. Working stocks inventory in- 
creased 4,400 tons during the year. 


PRICES 


The domestic price for primary copper 
remained at 38 cents per pound during the 
first 2 months of 1968. During the last week 
in March, Phelps Dodge Corp. and The 
Anaconda Co. raised their selling price to 
42 cents per pound. Kennecott Copper 
Corp. raised its price on electrolytic wire 
bars to 42!4 cents on April 2 and Ameri- 
can Smelting and Refining Co. followed 
with a similar raise. The new prices con- 
tinued unchanged at yearend. 

The New York price for No. 1 scrap 


FOREIGN 


U.S. exports of copper in ore, concen- 
trate, and matte amounted to 65,000 tons, 
up 67 percent from those of 1967, but 
exports of blister copper declined from 
21,000 tons in 1967 to 16,000 tons. On 
resumption of copper industry operations 
in April, export licensing regulations were 
tightened and the monthly exports dropped 
to less than 500 tons per month in July 


was 44 to 45 cents per pound in January. 
After rising to 48 cents in February and 
early March, it declined to 29.5 to 30.5 
cents on June 1. The price firmed later in 
the year and was quoted at 39 to 40 cents 
per pound at yearend. 

The London Metal Exchange spot price 
for copper wire bar averaged 64.1 cents 
per pound in January. After raising to the 
year high of 78.2 cents in February, it 
fell to 47.6 cents in July and closed the 
year at 53.4 cents per pound in December. 


TRADE 


and remained low except for November 
(6,000 tons) and December (1,000 tons) 
when they were higher owing to contract 
commitments made during the strike. 
Exports of refined copper and semimanu- 
factures were 298,000 tons, up 49 percent 
from those of 1967 but 7 percent less than 
in 1966. 

Exports of copper-base alloy were up 25 
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percent to 99,000 tons; exports of unalloyed 
copper scrap were 34,000 tons, an increase 
of almost 100 percent from those of 1967; 
and exports of copper alloy scrap were 
86,000 tons, up 32 percent from 1967 
levels. 

U.S. imports of copper (unmanufac- 
tured) were 710,000 tons, an increase of 
9 percent from those of 1967. Chile supplied 
181,000 tons, Canada 151,000 tons, and 
Peru 112,000 tons amounting to 63 percent 
of the total, compared with 70 percent of 
the total in 1967 from the same three 
countries. Imports for consumption of 
copper in ore and concentrate were 72,000 


MINERALS YEARBOOK, 1968 


tons, up 100 percent from those of 1967 
and 10 times the same class of imports in 
1966. Principal countries of origin for 
copper in ore and concentrate were the 
Philippines, Canada, and Peru in order of 
quantities received. Imports for consump- 
tion of refined copper were 404,000 tons, 
up 21.6 percent from those of 1967, and 
up 400 percent from those of 1966. Imports 
for consumption of blister copper were up 
slightly from those of 1967 but were 19 
percent below 1966 levels. Imports for 
consumption of unalloyed copper scrap,. 
principally. from Canada were 11,600 tons, 
down 30 percent from 1967 levels. 


WORLD REVIEW 


The United States continued to lead the 
world in mine and smelter production of 
copper, producing 22 and 19 percent, 
respectively. The Soviet Union was second, 
Zambia was third, and Chile was fourth 
with estimated 15, 12, and 12 percent, 
respectively, of world mine production. 
The Philippines registered the greatest in- 
crease (34 percent) in production from 
1967 levels and Peru was second (18 
percent). 

Australia.— Australia’s mine production 
of copper was 117,000 tons, up 17 percent 
from that of 1967. Mount Isa Mines Ltd., 
53 percent owned by American Smelting 
and Refining Company produced 53,900 
tons of copper in the year ended June 30, 
1968, down from 58,000 tons in the pre- 
vious year. 

Austria.—The Union Corporation Ltd., 
Republic of South Africa, entered into an 
agreement with the Austrian Government- 
owned Kupferbergbau-Mitterberg G.m.b.H. 
to conduct exploration at the latter's old 
and inoperative copper mine at Rohrer- 
beuhel, Kitzbuehel, Tyrol. The Govern- 
ment owned corporation is working the 
only existing copper mine in Austria, near 
Muehlbach, Salzburg. This mine produces 
about 2,000 tons of copper per year ap- 
proximately 10 percent of Austria's re- 
quirements. 

Canada.—Canadian mine production of 
copper increased about. 1 percent from 
that of 1967. Production in Ontario in- 
creased 5 percent of 288,000 tons; this 
amounted to 47 percent of Canadian 
copper production. Production of copper in 
Quebec decreased 6 percent to 156,000 


tons, and equaled 25 percent of Canadian indes Inf. Bull. MR 97, 1969, pp 


production. Copper production in British 
Columbia, the third ranking producer, 
decreased 5 percent to 82,000 tons, equal to 
13 percent of Canadian copper production. 

In its first full year of mine production, 
Ecstall Mining Ltd., subsidiary of Texas 
Gulf Sulphur Company, produced 205,400 
tons of 23-percent-copper concentrates, 
562,000 tons of 52-percent-zinc concen- 
trates, and 96,000 tons of lead concentrates 
from the Kidd Creek mine near Timmins, 
Ontario. The silver content of the concen- 
trates was 13.4 million ounces. More than 
3.6 million tons of ore was mined by 
open-pit methods and milled in a flotation 
plant. Preliminary studies were made to 
develop an underground mine to supple- 
ment open-pit mining. Mitsubishi Metal 
Mining Co. Ltd. agreed to extend a $16.4 
million loan to Sherritt Gordon Mines Ltd. 
to help finance development of the Fox 
copper ore deposits in Manitoba. Repay- 
ment of the loan would be in 25 percent 
copper concentrates at the rate of 1,700 
tons of contained copper per year for 10 
years, starting in 1971. 

Interest in exploration and development 
of copper mines for the future continued 
in British Columbia. Granduc Operating 
Co. completed driving a 10.3-mile tunnel to 
reach the copper orebody at the Granduc 
mine in the Portland Canal area, northwest 
British Columbia. In a joint venture, 
Granduc Operating Co., a wholly owned 
subsidiary of Newmont Mining Corp., to- 
gether with American Smelting and Re- 


fining Co. leased the mine from Granduc 


3 Killan, F. The Canadian Mineral Industry 
in 1968, Eeer Dept. Mines and Tech. 
Miner. Res. Div. (Otava. anaes) š 
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Mines Ltd., and are developing the mine 
and building all facilities to bring it into 
operation. It is expected to be in produc- 
tion late in 1969 at the rate of 7,000 tons 
of ore per day. 

Although a study by a consulting firm 
demonstrated the economic feasibility of 
working Lornex Mining Corporation’s low- 
grade copper-molybdenum property in the 
Highland Valley area of British Columbia, 
Rio Algom Mines had not reached a 
decision at yearend about bringing the 
property into production. Rio Algom Mines 
Ltd. is a 51-percent-owned subsidiary of 
Rio Tinto-Zinc Corp. Ltd. The Lornex 
orebody is reported to contain 293 million 
tons of ore averaging 0.427 percent copper 
and 0.014 percent molybdenum. 

Bethlehem Copper Corporation Ltd. 
milled 4.1 million tons of ore and produced 
20,000 tons of copper, 25 percent more 
than in 1967. Exploratory drilling in the 
Huestis zone indicated 25 million tons of 
0.65-percent-copper ore with the western 
limits not defined. Core drilling on Valley 
Copper Mines property adjoining Bethle- 
hem property on the west by Cominco, 
Ltd., which has a 64-percent interest in 
the property, indicates there may be a 
large undeveloped copper orebody under 
the two properties. 

Newmont Mining Corp. completed drill- 
ing its Ingerbelle copper deposit. Ore re- 
serves are estimated at 43.5 million tons 
averaging 0.56 percent copper. Newmont 
agreed to purchase the adjoining Copper 
Mountain property from Granby Mining 
Co. Ltd. for 40,000 shares of Newmont 
stock and $8 million cash. 

Utah Construction & Mining Co. has 
outlined by drilling an orebody near Port 
Hardy, Vancouver Island, that is estimated 
to contain 180 million tons of ore averag- 
ing 0.52 percent copper and 0.025 percent 
molybdenum sulfide. A test shaft has been 
sunk to a depth of 200 feet and over 1,100 
feet of drifts and crosscuts have been 
driven. Bulk samples have been shipped 
to Utah Construction’s pilot plant at 
Cedar City, Utah, for milling tests. 


Chile.— Although drought conditions 
caused a cut in production at the El 
Teniente mine from 200,000 short tons in 
1967 to 170,000 tons in 1968 and labor 
strikes caused a decrease in production at 
Chuquicamata in April and May, the total 
mine production of copper in Chile was 
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less than 2,000 tons under that of 1967. 

A new copper refinery at Chuquicamata 
inaugurated late in the year will increase 
capacity of refined copper from 227,000 
to 426,000 tons per year. 

Additional financing for the Rio Blanco 
copper mine project was arranged by 
Cerro Corp. and Corporación del Cobre 
(Codelco). Estimates of the capital cost of 
developing the mine have increased about 
80 percent over 1966 estimates. Compania 
Minera Andina S.A., owned 75 percent by 
Cerro and 25 percent by Codelco is pro- 
viding the additional financing. Under the 
new financing agreement, Cerro Corpora- 
tion's share in Compania Minera Andina 
will decrease to 70 percent and Codelco's 
share will increase to 30 percent. 

Agreement was reached between Con- 
tinental Copper & Steel Industries, Inc., 
and Cia Anonima Cuprifera de Sagasca, 
a 98-percent-owned subsidiary, and the 
Chilean Government for development of 
the Sagasca copper mine in northern Chile. 
Planned to produced 27,000 tons of copper 
per year starting in 1970; the capital in- 
vestment is estimated at $32.5 million. 

A reserve of 17 million tons of ore 
averaging 2.16 percent copper has been 
established by core drilling. Japanese cop- 
per smelting companies, including Dowa 
Mining, Mitsui Mining and Smelting, and 
Mitsubishi Metal Mining, have agreed to 
loan $10 million to Continental Copper & 
Steel Industries, Inc., as part of the capital 
required, in return for 24,000 tons per year 
of copper concentrates over a period of 
6 years starting in 1970. 

International Telephone and Telegraph 


Corporation announced plans to provide up 


to $80 million for exploration and develop- 
ment of copper mines in Chile. 

Congo (Kinshasa).—Société Générale 
Congolaise des Minerais (GECOMIN), the 
Government-owned company that now is 
operating the large mining complex ex- 
propriated from Union Miniére, produced 
357,600 tons of copper in 1968 compared 
with 351,000 tons in 1967 and 346,600 in 
1966. 

Copper deposits estimated to contain 30 
million tons averaging 3.3 percent copper 
are reported to have been found about 25 
miles southeast of Elisabethville in Katanga 
province. Discovery came as a result of 
prospecting by a Japanese consortium 
known as Sodimiko formed for this purpose 
following Nippon Mining's agreement with 
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the Congolese for a mining concession. The 
consortium comprised Nippon Mining Co., 
Ltd., Mitsui Mining & Smelting Co. Ltd., 
Sumitomo Metal Mining Co. Ltd., Furu- 
kawa Mining, Toho Zinc Co. Ltd., and 
the trading company Nissho. Production is 
planned to begin in 1970 at the rate of 
5,000 tons of ore per day to yield 40,000 
tons per year of copper in concentrates 
which will be transported 1,200 miles by 
rail to Beira in Mozambique for shipment 
to Japan. 


Cyprus.—In 1968 the Cyprus Island 
Division of Cyprus Mines Corp. shipped 
37,400 tons of copper concentrates con- 
taining approximately 18 percent copper 
in addition to production of pyrite and 
cupreous pyrite. A new zone of copper 
mineralization was delineated near the 
Skouriotisa pit which contains about 20 
million tons averaging 0.58 percent copper. 


Japan.—Nippon Mining Ltd. announced 
plans to build a new flash smelting furnace 
with a daily charge rate of 1,320 tons of 
copper concentrate, at its Saganoseki smelter 
on Kyushu. The new furnace will have an 
annual capacity of 120,000 tons of copper 

Plans were completed for erection of 
Japan’s eighth copper refinery by Mitsui 
Mining & Smelting Co. Ltd. and Nittesu 
Mining Company. The new plant, to be 
located at Hibi, Okayama Prefecture, is 
expected to produce 5,0000 tons per month 
of refined copper starting in 1970. 


Mexico.—Asarco Mexicana, S.A., pro- 
duced 23,300 tons of blister copper com- 
pared to 19,300 tons in 1967. Asarco 
Mexicana is developing its Inguaran copper 
property in the State of Michoacan. Ore 
reserves total 4.4 million tons averaging 2 
percent copper and 0.3 ounce of silver per 
ton. Construction of a plant to mine and 
mill 2,200 tons per day is estimated to 
take 2 to 3 years. Asarco Mexicana is 
conducting an exploration program on La 
Caridad property near Nacozari in the 
State of Sonora. Should feasibility of devel. 
oping a mine be established Asarco Mexi 
cana has an option to acquire a 49-percent 
interest and to manage the property. 
Forty-nine percent of Asarco Mexicana, 
S.A., is owned by American Smelting and 
Refining Company (ASARCO). Compania 
Minera de Cananea, S.A. de C.V., pro- 
duced 36,500 tons of copper compared with 
35,500 tons in 1967. 
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Peru, Peru's 1968 production of copper 
was 235,000 tons, 35,000 tons greater than 
in 1967, the largest tonnage increase of 
any of the copper producing countries. 
The percentage increase (18 percent) was 
second only to that of the Philippines. 
A substantial part of the increase was 
credited to the first full year's production 
from the Cobriza copper mine of Cerro de 
Pasco Corp. The Cobriza mine, situated 
in the District of Coris, Province of 
Tayacaja, Department of Huancavelica, at 
an altitude of about 6,000 feet is the first 
highly mechanized underground mine in 
Peru. Ore reserves have been estimated at 
7.5 million tons containing 2 percent cop- 
per and 0.45 ounce per ton of silver. The 
concentrator capacity is 1,000 tons per day. 

Negotiations continued between the Peru- 
vian Government and the Southern Peru 
Copper Corp. for development of the 
Cuajone copper mine, and Andes del Peru, 
subsidiary of The Anaconda Company, for 
development of the Cerro Verde copper 
property. The Cuajone copper deposits are 
estimated to contain 500 million tons of 
ore containing a little over 1-percent cop- 
per. Under present plans for an operation 
that would treat 30,000 tons per day of 
copper ore and produce 150,000 tons per 
year of copper, $335 million investment and 
4 to 5 years time would be required for 
development. The Cerro Verde orebody 
is estimated to contain 140 million tons of 
mixed oxide and sulfide ore grading a little 
over l-percent copper. An initial invest- 
ment of $30 to $35 million will be required 
to develop the mine and build a leaching 
plant for treatment of oxide ore. 


Philippines.—The Philippines registered 
the largest percentage increase (34 per- 
cent) in mine production of copper and 
produced 126,000 tons of copper in con- 
centrates. The increase was due principally 
to expanded production by Lepanto Con- 
solidated Mining Co. Ltd., Atlas Consoli- 
dated Mining & Development Co., and 
Marinduque Mining and Industrial Corp. 

Marcopper Mining Corp., a Philippine 
corporation owned 60 percent by the 
Philippine Government and 40 percent by 
Craigmont Mines Ltd., a subsidiary of 
Placer Development, Ltd., is developing 
an open-pit copper mine on Marinduque 
island with first production scheduled for 
1970. The initial milling rate will be 15,000 
tons of ore per day. For a period of 10 
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years, Nippon Mining Co. has contracted 
to purchase all concentrates produced for 
smelting in Japan. 


South Africa, Republic of.—Palabora 
Mining Co., Ltd. produced 79,433 short 
tons of copper and sold 81,408 tons com- 
pared with 84,370 and 84,370 tons, respec- 
tively in 1967. Ore milled in 1968 was 
15.7 million tons compared with 14.6 
million tons in 1967, but the average grade 
in 1968 was 0.64 percent copper compared 
with 0.71 percent in 1967. 

O’okiep Copper Co. Ltd. produced 
41,441 tons of blister copper and sold 
47,166 tons in 1968 compared with 42,529 
tons and 43,405 tons, respectively, in 1967. 
The total ore milled (3.2 million tons) was 
the same as in 1967, but the average grade 
of ore dropped from 1.55 to 1.44 percent 
copper. 


South-West Africa.— The Tsumeb mine 
and mill of Tsumeb Corp., Ltd., mined and 
milled 634,303 tons of complex sulfide and 
oxide ore averaging 4.57 percent copper, 
10.30 percent lead, and 2.99 percent zinc, 
and 2.13 ounces per ton of silver. The 
Kombat operation mined and  milled 
323,624 tons of ore averaging 2.86 percent 
copper, 1.31 percent lead, and 0.48 ounce 
per ton of silver. Blister copper produced 
was 35,706 tons, little changed from that 
of 1967. 


Spain.—The Cerro Colorado concession, 
near Huelva, owned by Rio-Tinto Patino, 
has been estimated to contain 42.3 million 
tons of 0.92-percent-copper ore available 
for open-pit mining. Rio-Tinto Patino, a 
joint venture of Compania Espanola de 
Minas de Rio-Tinto (55 percent), The 
Patino Mining Corp. (40 percent), and 
Rio-Tinto Zinc Investment, Ltd. (5 per- 
cent), has started construction of a $20 
million copper smelter with an initial 
capacity of 40,000 tons per year. 


Sweden.—The Boliden Mining Co., Ltd. 
started open-pit mining at its Aitik copper 
deposit in Arctic Sweden. Mining will be at 
the rate of about 2 million tons of ore per 
year of 0.5-percent-copper ore to yield 
about 10,000 tons per year of copper. 
The company's copper smelting works at 
Rónnskár is being expanded from 50,000 
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tons to 60,000 tons per year presumably 
to smelt the additional concentrates from 
Aitik. 

Uganda.—Kilembe Mines Limited in 
which Falconbridge Nickel Mines Limited 
holds a 72.8-percent interest, produced 
15,000 tons of blister copper in 1968, an 
increase of 7 percent over 1967 levels. 


Zambia.—During the year, three of the 
Roan Selection Trust Ltd. (RST) group 
of companies were reorganized into one 
company with three operating divisions. 
(RST interest in new company is 64.81 
percent.) Chibuluma Mines Ltd. and 
Chambishi Mines Ltd. were liquefied volun- 
tarily and the Chibuluma, Chambishi, and 
Mufulira mines are now operated as divi- 
sions of Mufulira Copper Mines Ltd. 


The Luanshya mine, previously oper- 
ated as a division of RST, was acquired 
April 1, 1968, by Luanshya Mines Ltd., 
a wholly owned subsidiary of RST. 

The Mufulira mine produced 181,000 
tons of copper compared with 133,000 tons 
in the previous year. The Chibuluma mine 
produced 27,000 tons, up from 21,000 tons 
in 1967. The Chambishi mine produced 
22,000 tons of copper compared with 
15,000 in 1967. Luanshya Mines Ltd. pro- 
duced 107,000 tons of copper compared 
with 86,000 tons in 1967. 


The Rhokana Corporation Ltd., sub- 
sidiary of Anglo American Corporation 
(Central Africa) Ltd., owns substantial 
interests in Nchanga Consolidated Copper 
Mines Ltd., and Bancroft Mines Ltd., as 
well as in the RST administered companies 
(except Luanshya Mines Ltd.). For the 
year ended March 1968, Nchanga pro- 
duced 226,000 tons of copper, up from 
209,000 tons in 1967. Bancroft produced 
51,000 tons of copper. A loan agreement 
was concluded in May 1968 between 
Nchanga Consolidated Copper Mines Ltd., 
and Mitsui and Co. Ltd. and Mitsubishi 
Shoji iiaisha Limited whereby the latter 
two will loan the former $42 million plus 
a credit guarantee of $28 million for the 
purchase of Japanese plant and equipment. 
The loans and the credit facility are re- 
payable in the form of copper over a 
7-year period. The loans will be used for 
expansion of Nchanga's mining operations. 
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TECHNOLOGY 


The Kalamazoo copper orebody near the 
San Manuel mine was discovered by appli- 
cation of basic geological methods? al- 
though a later geochemical survey was 
found to roughly outline the surface pro- 
jection of the orebody. 

It was recognized early in development 
of the San Manuel orebody that a part of 
the orebody may have been faulted to an 
unknown location by the San Manuel 
fault. An exploration project initiated by 
Quintana Minerals Corporation in 1965 
resulted in discovery of the faulted seg- 
ment. It had moved downdip some 8,000 
feet along the San Manuel fault where it 
was discovered by rotary drilling at a depth 
of about 2,500 feet below the surface. 

Geophysical methods, principally induced 
polarization and electromagnetic, have 
assisted in discovery of large, low-grade 
copper deposits.“ Electromagnetic methods 
aided in outlining the sulfide zone of the 
Newman deposit of Noranda Mines Ltd. on 
the Newman peninsula of Babine Lake. The 
anomaly was much more pronounced at 
1,800 than at 480 cycles per second. The 
induced polarization method was applied 
successfully to outline the Brenda copper- 
molybdenum orebody. 

Developments of the White Pine Copper 
Co. mine dominated the underground min- 
ing technology. An 18-foot-diameter boring 
machine started a 9,000-foot. development 
tunnel. Excavation will be about 50 feet 
below the lower ore horizon in the Copper 
Harbor sandstone as determined by pre- 
vious core drilling. At intervals the azimuth 
of the tunnel heading will be adjusted to 
maintain the specified depth below the ore- 
body. Boring head rotation is achieved 
through gearing from six 250-horsepower, 
4,160-volt motors. A maximum thrust of 
150 million pounds is provided by four 
12-inch hydraulic cylinders having a 48- 
inch stroke. Gripper pressure against the 
sides of the bore hold is 2.25 million 
pounds. In operation, the boring machine 
is scheduled to advance development open- 
ings at the rate of 1,000 feet per month. 
Structurally, the machine is capable of 
changing direction in a curve having a 
minimum of 100-foot radius. Boring aline- 
ment will be maintained by operator adjust- 
ment of machine support cylinders as 
indicated by the mirror-reflected image of 
a gas laser beam. 


Extensive Bureau of Mines technologic 
research was started on the recovery of 
copper from ores and secondary materials. 
Processes under investigation range from 
mineral recovery from ore and tailings, 
through smelting and refining. The pur- 
pose of the copper program is to increase 
the quantity of copper recovered from 
ores now being mined and to increase re- 
serves of copper in ore. 


The Anaconda Company dedicated a 
new research center at Tucson, Ariz. The 
center is a multimillion-dollar facility situ- 
ated 10 miles southeast of Tucson on a 
70-acre tract. Facilities consist of a lab- 
oratory and administrative building with 
40,000 square feet of floor space, a multi- 
purpose pilot plant, and a well with a 
250,000-gallon water storage capacity. 


The segregation process, discovered acci- 
dentally in 1923, has been reactivated by 
engineers of the Anglo American Corpora- 
tion of South Africa, Ltd. Named TORCO ° 
for “Treatment of Refractory Copper 
Ores," the process uses a FluoSolids re- 
actor for heating the ore and a reaction 
(segregation) chamber. Copper oxide ore, 
heated to about 850? C in the reactor, over- 
flows into the segregation chamber where 
it is mixed with charcoal and sodium 
chloride. Copper chloride is volatilized and 
reacts with the charcoal to produce metallic 
copper which is easily recovered by flota- 
tion. Anglo American Corp. plans to use 
the process in treating copper ore from a 
deposit near Akjoujt, Mauritania. 


Final design for the Akjoujt plant will 
be based on successful commercial opera- 
tion by Anglo American of a 500-ton-per- 


day plant in Zambia since 1965. 


Treatment of oxide copper ore from 
Gaspé Copper Mines Limited Copper 
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Mountain deposit, Murdockville, Quebec,’ 
was investigated. The leach-precipitation- 
float (LPF) process was compared with 
Agitated Tank Leaching and Percolation 
Leaching. Attempts to use chalcopyrite 
concentrates in the place of iron in the 
LPF process were not successful principally 
because recoveries of copper in the sub- 
sequent flotation were not high enough. 
However, chalcopyrite concentrates can be 
used to precipitate copper from clear leach 
solutions. x 

Kennecott Copper Corp. was building a 
new plant at Ray, Ariz., designed to leach 
copper silicate ores from the Ray open-pit 
mine. The process consists of a vat leaching 
system designed to treat 10,000 tons of 
copper silicate ore per day. Sulfuric acid 
from the Hayden smelter will be used to 
leach the copper and which wil be re- 
covered from the leach solution by elec- 
trolysis. 

Copper leaching practices in the western 
United States® and copper hydrometal- 
lurgy * were described. The Bluebird leach- 
electrolytic plant of Ranchers Exploration 
and Development Co. is the first to apply 
commercially the process of concentrating 
and purifying copper sulfate solutions by 
solvent extraction. 

An oxygen plant was under construction 
to supply the Utah smelter of Kennecott 
Copper Corp. with oxygen for use in the 
copper converters. Capacity of the con- 
verters will be increased and concentration 
of sulfur dioxide in the off-gases will be 
higher. Production of sulfuric acid from 
the gases thus will be facilitated. 

A report to the Copper Development 
Association (CDA) by Authur D. Little, 
Inc., covering a survey of materials used in 
water desalting plants“ indicated that cop- 
per alloys give the best performance of 
materials used. 

Developed in research sponsored by the 
International Copper Research Association, 
the closest approach to "stainless" copper 
is a copper-aluminum-tin composition that 
may be polished to a noncorrosive, high, 
gold-like luster." The new alloy is being 
field tested for bath and kitchen fittings, 
decorative housewares, cutlery, tableware, 
and other uses. 

Financed by the Edison Electric Institute 
and the Tennessee Valley Authority in the 
amount of $1,050,000, the General Electric 
Research and Development Center will 
explore the technical and economic feasi- 
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bility of using cryogenic underground cable 
to transmit electric power. The 3-year 
project is part of a $17 million underground 
transmission research program of the Elec- 
tric Research Council (ERC) which is 
composed of representatives from the vari- 
ous segments of the electric power industry. 

Considerable research on removal of cop- 
per f-om ferrous scrap was done in Bureau 
of Mines laboratories and by other organi- 
zations. Copper cementation in a rotating 
drum using automobile scrap as a precipi- 
tant was examined." Although power is 
required to rotate the drum, the faster 
precipitation and continuous recovery of 
copper are advantages of the tumbler 
method. When the relative cost of auto- 
mobile scrap compared with cost of de- 
tinned shredded cans is considered, the 
tumbler process is competitive with the 
launder method. 

Two complementary reports on copper 
removal from ferrous scrap by thermal 
treatment were published. In both bases 
copper removal depended on embrittlement 
of the copper which was then jarred loose 
from the ferrous scrap. The latter report 
states that bare copper can be embrittled 
by contact with waterglass (NaoSi409) 
prior to thermal treatment. 

Considerable interest was aroused by the 
method of immersing a mixture of ferrous 
and copper scrap in molten barium chloride 
heated above the melting point of copper, 
wherein the copper is melted and sinks to 
the bottom of the molten salt. 


"Bryce, D. M., D. G. Cevigo, and P. H. 
Jennings. Percolation and Agitation Leaching 
of an Oxidized Copper Ore. Canadian Min. and 
Met. Bull, v. 61, No. 672, May 1968, pp. 641—645. 
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Table 2.— Copper produced from 
domestic ores, by sources 


(Thousand short tons) 


Table 4.—Mine production of recoverable 


Year Mine Smelter fin ° S 
E copper in the United States, by months 
LIT —— .. ...-.- 1,247 1,301 1,260 (Short tons) 
1965 aoe us 1,352 1,408 1,336 
1966 1,429 1,430 1,353 
1900 oce 2 oss 954 841 847 Month 1967 1968 
19998 —— 1,205 1,235 1,161 
Januarꝛꝛ . .-....-.- 122 ,498 28,024 
February.............- 117,887 28,034 
Table 3.—Copper ore and recoverable Mack eee oss 132,977 41,080 
s April... nu 131,996 110,936 
copper produced, by mining methods May e 30.444 125,538 
MMW eo reni uc 121,911 124, 635 
(Percent) MTT oe ae tee 66 , 536 128,659 
A FF 33,001 127 ,903 
September 24,893 121,322 
Open pit Underground October 23.32.25 2.99 28 ,675 129,833 
Year —ää ͤ.!'—— ¹w᷑ĩͥ—ͤ— V — M November 24,328 124,018 
Ore Copper! Ore Copper? December 23, 923 124,739 
e 954, 064 1,204,621 
19644. 82 75 18 25 
19665 8⁴ 77 16 23 
19688 — 85 80 15 20 
196777 85 83 14 17 
19688 87 82 13 18 


1 Includes copper from dump leaching. 
2 Includes copper from in-place leaching. 


Table 5.—Mine production of recoverable copper in the United States, by States 


(Short tons) 


State 1964 1965 1966 1967 1968 

Alaska... ee ͤ pote 1 3 12,54 ? 2,166 33,428 
Ari .. 88 690,988 708 ,377 739 , 569 501,741 627 ,961 
California ; ,165 : 7 1,182 
Colorado . Ree 4,653 3,828 4,237 3,993 3,451 
Idaho.ic.l2c2l-:222202229 2925€ 4,666 5,140 4,961 4,210 8,525 
Maine 22.2 tn ee bdo ue lnc e ³ꝛ EE tetas 3 
Michigan 69,040 71,749 73 ,449 58 ,458 74, 805 
Misc.. ole 2,059 2,331 3,913 3,215 5,494 
Mil 108 , 806 115,489 128 ,061 65,483 69,480 
Nevadā- EE 67,272 71,332 78,720 50,771 77,218 
New Mexico 86,104 98,658 108,614 75,008 90,769 
,, ß , eee aoe v er 4 282 (!) (?) (3) 
0) 7:0) tegen reene 15 4) C (3) 
Pennsylvania 3,614 4,354 3,178 4,401 4, 850 
Tennessee S 13,889 14,823 15,410 14,600 14,196 
e ne er e 199,588 259, 138 265,383 168, 609 228,245 
Washington 
Wyoming 5 e D RUD ER I. ĩͤ 8 

z Ae s aL 1,246,780 1,351,734 1,429,152 954,064 1,204,621 


1 Alaska, Oklahoma, and Oregon combined to avoid disclosing individual company confidential data. 

? Alaska and Oklahoma combined to avoid disclosing individual company confidential data. 

* Alaska, Maine, Oklahoma and Oregon combined to avoid disclosing individual company confidential data. 
4 Oklahoma and Oregon combined to avoid disclosing individual company confidential data. 
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Table 6.—Twenty-five leading copper-producing mines in the United States in 1968, 
in order of output 


Rank Mine County and State Operator Source of copper 
1 Utah Copper..... Salt Lake, Utah.. Kennecott Copper Cord Copper ore, copper 
precipitates, gold- 
silver ore. 
Morenci......... Greenlee, Áriz.... Phelps Dodge Cor Do. 


Grant, N. Mex... 
San Manuel..... = 


2 

8 

4 

5 White Pine 
6 Pima..........- 
7 
8 
9 
0 


Berkeley Pit 


10 Copper Queen- Cochise, Ariz.... 
Lavender Pit. 

11 Yerington....... Lyon, Nev....... 

12 Mission Pima, Ariz....... 


14 Mineral Park 
15 Silver Bell....... 
16 Esperanza 
17 Veteran Pit 
18 Butte Hill Copper 


Mines. 
19 Bagdad......... Yavapai, Ariz.... 
20 Copper Cities Gila, Ari 
21 Magma......... Pinal, Ariz....... 
22  Copperhill....... Polk, Tenn...... 
23 Copper Canyon Lander, Nev..... 
24 Christmas Gila, Ariz....... 
25 Miami Ee, TEEN 


Pinal, Ari 
Ontonagon, Mich. 
Pima, Ariz....... 


Pinal, Ari 


Silver Bow, Mont. 


Gila, Ari 


Mohave, Ariz.... 
Pima, Ariz....... 


White Pine, Nev. 


Silver Bow, Mont. 


Kennecott Copper Cor 


Magma Copper COo 
White Pine Copper COOo 
Pima Mining Co 2----- 
Phelps Dodge Cor 


Kennecott Copper Cord 


The Anaconda Compeny.......... 
Phelps Dodge Cor 


The Anaconda Company.......... 
American Smelting and Refining Co. 
Inspiration Consolidated Copper Co. 


Duval Cr 
American Smelting and Refining Co. 
Duval Cr? uu loser 
Kennecott Copper Cord 
The Anaconda Company. d 


Bagdad Copper Cor 
Miami Copper COo 
Magma Copper Co 
Tennessee Copper Coo 
Duval o rr‚‚‚d‚ msc 
Inspiration Consolidated Copper Co. 
Miami Copper Co...............- 


Copper ore, copper 


precipitates. 
Copper ore. 


Do. 


Do. 
Copper, gold-silver 


ores. 


Copper ore, copper 


precipitates. 
Copper ore. 


Copper ore, copper 


precipitates. 


Copper ore. 
Do. 


o 


Copper ore, copper 


precipitates. 


o. 
Do. 
Do. 


Copper ore. 


Copper ore, copper 


precipitates. 


Do. 
Do. 


Copper ore. 


Copper-zinc ore. 


Copper ore. 


Do 


Copper precipitates. 


Table 7.—Copper ore sold or treated in the United States in 1968, with copper, gold, 


and silver content in terms of recoverable metals ! 


Ore sold 
State or treated 
(thousand 
short tons) 
Arizona. cm ccce 101,294 
California- ----------------22-- (2) 
Colorado 1 
rr. tue un les 32 
Michigan 8,027 
Montana. 10,080 
Nevada? 13,320 
New Mexico 6,697 
Tennesse 1,624 
tah; mł ». o 2 28,766 
Washington (2 
Other States 212 
Total 92.5: ees 170,054 


Recoverable metal content 


Copper Gold 
(troy 
Thousand Percent ounces) 
pounds 
1,146,314 0.57 89,419 
16 9.64 4 
52 1.84 6 
1,270 1.96 791 
149,610 57953 
121, 108 60 9,769 
148,966 .56 36,004 
102,577 .71 4,931 
28,392 .8 14 
851,782 .61 264,731 
10 20.63 
5,060 1.19 3 
2,055,157 .60 405,863 


Value of 


— gold and 
silver 


Silver 
(troy 
ounces) 


4,697 ,394 


89, 525 
2,254, 482 


83 
16,328 


— — 


9,532,341 


per ton 


of ore 


$0. 
33. 
3. 
LN 


1 Excludes copper recovered from precipitates (dump and in-place leaching) as follows: Arizona 106,604,800 
pounds, Idaho 99,500 pounds, Montana 17,646,800 pounds, New Mexico 76,427,100 pounds, Nevada 5,380,800 


pounds, Utah 87,730,600 pounds. 
2 Legs than Le unit. 
3 Includes minor amount of tailings. 
4 Copper-zinc ore. 


5 Data may not add to total shown because of independent rounding. 
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Table 8.—Copper ore concentrated in the 
United States, in 1968, with content 


in terms of recoverable copper Table 9.—Copper ore shipped to smelters 
in the United States in 1968, with 
Ore X Recoverable copper content in terms of recoverable copper 
concen- content 
State trated ` yęꝙñꝛuxywꝙę 
(thousand Thousand Percent Ore shipped to smelters 
short tons) pounds E 
| State Recoverable copper 
Short tons content 
Arizona 101,046 1, 132, 196 56 PPT 
Colorado 1 49 1.82 Pounds Percent 
Idaho............ 81 1,127 1.81 
Michigan 8,027 149,610 .93 
Montana 10,068 120,144 60 Arizona 248,228 14, 117, 700 2.84 
Nevada 2 13,238 145,450 .55 California 84 16,200 9.64 
New Mexico 6,657 102,540 H Colorado 47 2, 400 2. 55 
Tennessee 24 1,624 28,392 87 Idaho 1,259 143, 900 5.71 
tag. 28,766 351,752 .61 Montana 11.349 963,500 4.24 
Other States 212 5,056 1.19 Nevada 82,272 3,515,700 2.14 
New Mexico !... 89,940 86,600 .05 
Total 4 169,671 2,036,316 .60 Uta 108 30,800 14.26 
Washington 24 9,900 20.63 
Other States 18 3,600 10.00 
1 Includes all methods of concentration: Dual —— — HÀ — 
process" (leaching followed by flotation concentra- Total 888,829 18, 840, 300 2.46 


tration); LPF (leach-precipitation-flotation); tank 

of vat leaching; heap leaching; and froth flotation. 
2 Includes minor amount of tailings. 1 Primarily smelter fluxing material. 
3 Copper-zinc ore. 
4 Data may not add to totals shown because of 

independent rounding. 


Table 10.—Copper ores produced in the United States, 
and average yield in copper, gold, and silver 


Smelting ores Concentrating Total 
ores 
Year Thou- Yield Yield . Yield Yield Yield Value 
sand in Thousand in Thousand in per ton perton per ton 
short copper, short copper, short copper, ingold, insilver, in gold 
tons percent tons ! percent tons ! percent ounce ounce and 
silver 
1964. 558 3.20 149, 835 0.72 155, 200 0.73 0.0028 0.074 $0.19 
1965........- 625 2.48 172 ,662 .70 173 ,286 70 0033 . 074 21 
19666 549 2.34 2 186,417 . 66 186,966 67 0029 071 .19 
19677 303 2.52 2 126, 763 63 127, 066 63 . 0025 . 066 .19 
1968 383 2.46 2 169, 671 . 60 170, 054 . 60 0024 . 056 KA 


1 Includes some ore classed as copper-zinc and minor amount of tailings. 
2 Includes all methods of concentration: “Dual process" (leaching followed by flotation concentration), 
LPF (leach-precipitation-flotation), tank or vat leaching, heap leaching, and froth flotation. 


Table 11.—Copper produced by primary smelters in the United States 


(Short tons) 


Year Domestic Foreign Secondary Total 
196i EEN 1,301,115 87,318 88,365 1,426,798 
1960s a te i ua ete 1,402 , 806 31,244 93 ,895 1,527,946 
f 20225 d 1,429, 863 36, 573 114,671 1,581,107 
196 ct ß A 841,3 20,997 70,746 933,086 


(LL EE EEN 1,234,724 31,754 84,821 1,851,299 
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Table 12.—Primary and secondary copper produced by primary refineries 
in the United States 


(Short tons) 
1964 1965 1966 1967 1968 
PRIMARY 
From domestic ores, etc.:! 
Electrolytio -- 1, 139, 494 1,200, 532 1,218,918 764,175 1,018,246 
A. 2i. 62,598 71,241 69,126 54,004 78,904 
Casting- ---.---------------- 57,760 63,887 70,043 88,372 69,875 
! oe es 1,269,852 1,335,660 1,353,087 846,551 1,160,925 
From foreign ores, etc.:! 
Electrolyti ------.---2--- 871,008 332, 598 821,802 258 , 478 219,726 
Casting and best select... .... 25,540 43,540 36, 595 27,958 56, 785 
Total refinery production of 
primary copper 1,656,395 1,711,793 1,710,984 1,182,982 1,437,386 
SECONDARY 
Electrolytic 22 216,954 868,232 409,986 818,709 327, 549 
Casting 283,172 19,879 27, 977 24, 568 15, 869 
Total geeondary 300, 126 388,111 437,963 343,277 343,418 
LL 
Grand total 1,956,521 2,099,904 2,148,947 1,476,259 1,780,804 


! The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate 
separation is not possible at this stage of processing. 
2 Includes copper reported from foreign scrap. 


Table 13.—Copper cast in forms at 
primary refineries in the United States 


1967 1968 


Thousand Per- Thousand Per- 
short cent short cent 
tons tons 


Billets......... 149 10 187 11 Table 15.—Byproduct sulfuric acid l 
Cakes- 5 180 j 11 (100- percent basis) produced in 
KEEN the United States 
got bars.... 154 10 238 18 
Wire bars...... 926 63 1,050 59 (Short tons) 
Other forms.... 13 1 15 1 
Total. 1,476 100 1,781 100 Year Copper Zinc Total 
plants ? plants š 
— ° - 1964 330, 278 924,100 1,254,378 
Table 14.— Production, shipments, and igen dE Ed 369821 — 961 591 1/330 912 
stocks of copper sulfate 1966 .......... 469,728 988,118 1,452,846 
| 196T7.-. uc 848 , 497 900,170 1,248,667 
(Short tons) 1968... 488,108 989,973 1,478,081 
; 1 Includes acid from foreign materials. 
Year — ssl Ship- Stocks 2 Includes acid produced at a lead smelter. Ex- 
Quan- Copper ments Dec. 81: cludes acid made from pyrites concentrates in Arizona, 
tity content Montana, Tennessee, and Utah. 
3 Excludes acid made from native sulfur. 
1964. 41,908 10,477 43, 684 3,416 
1965. 47,340 11,835 45, 640 5, 048 
196868 51,676 12,919 51, 816 4,464 
196777 40,128 10,032 40, 644 3, 516 
1968 43,784 10,946 43, 648 8,880 


1 Some small quantities are purchased and used by 


roducing companies, so that the figures given do not 
Lines exactly. 
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Table 16.—Secondary copper produced in the United States 


(Short tons) 


1964 1965 1966 1967 1968 
Copper recovered as unalloyed 
CODDOR sedi eet nee 366 , 197 462,811 509,084 423,054 433,041 
Copper recovered in alloys !...... 726,824 790,439 825, 165 736,853 785,299 
T Total secondary copper . 1,098,021 1,253, 250 1,334,249 1,159,907 1,218,840 
urce: 
New scra 619,500 739,814 799,389 671,248 697, 568 
Old scrap................... 478 ,521 518,436 584,860 482,659 520,772 
Percentage equivalent of domestic 
mine output 88 93 93 122 101 


1 Includes copper in chemicals, as follows: 1964, 7, 755; 1965, 6,129; 1966, 6,043; 1967, 4,965; and 1968, 4, 757. 


Table 17.— Copper recovered from scrap processed in the United States 
by kinds of scrap and form of recovery 


(Short tons) 


Kind of scrap 1967 1968 Form of recovery 1967 1968 
New scrap: As unalloyed copper: 
Copper- base 667, 080 686,841 At primary plants.... 343,277 343,418 
Aluminum- base 10, 000 10, 500 At other plants 79,777 89,628 
Nickel-base.........- 157 216 
Zinc-base...........- 11 11 Total uu ¿a usus uu 22 428,054 488 ,041 
Total 677,248 697, 568 In brass and bronze 700, 636 746, 380 
In alloy iron and steel 2, 805 3,527 
Old scrap: In aluminum alloys....... 28,148 90,124 
Copper- base 476,471 515, 530 In other alloys. .........- 29 511 
Aluminum- base 5, 500 „600 In chemical compounds. . . 4,965 4,757 
Nickel-base.........- 623 600 
Tin- base 15 17 Tt! 736, 853 785, 299 
Zine- base 50 25 
Grand total 1,159,907 1,218, 340 
1! 482,659 520, 772 
Grand total 1,159,907 1, 218, 340 


Table 18.— Copper recovered as refined copper, in alloys and in other forms 
from copper-base scrap processed in the United States 


(Short 


From new scrap 


Recovered by— 


1967 
Secondary smelt ers 60,474 
Primary copper producers 216,355 
Brass mills ------- 372,744 
Foundries and manufacturers. — 15,687 
Chemical plants 1,790 
Total: uu u ees 667 ,080 


1968 


65,683 
185,752 
414,891 
19,165 

1,349 


68 6,840 


tons) 
From old scrap Total 
1967 1968 1967 
250,514 262 , 806 810,988 
126,592 157,666 348,277 
39, 830 36,214 412, 574 
56,142 56,387 71,829 
8,098 8,457 4,888 
476,471 515,530 1,148,551 


1968 


828 , 489 
848,418 
451,105 
74, 552 
4, 806 


1,202,870 
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Table 19.—Production of secondary copper and copper-alloy products in the United States 


(Short tons) 


Item produced from scrap 1967 1968 
UNALLOYED COPPER PRODUCTS 
Refined copper by primary producers 343,277 343,418 
Refined copper by secondary samelterg. -2-222-222-2222 63,337 73,161 
CopDer TEE 14,994 15,164 
Copper casting; uy su occ ͤ 0 m e sm 1,446 1,298 
Total- L ul i ee eee eee ee eal ek PE 428 ,054 433,041 
ALLOYED COPPER PRODUCTS 
Brass and bronze ingots: 
ß ß a 19,137 16,810 
Leaded tin bronze .----.--2-20 20au aMMa 17,964 15,312 
Leaded red brass and semired brass ---2--------22-2--2--2-2aaaau 164,244 172,918 
High-leaded tin bron nere 34, 588 34, 846 
Leaded yellow brass 18, 626 24, 586 
Manganese bronzene 16, 246 16,547 
Aluminum bronze. ...............- 2.2. 2l2l2l2222222222222222222022- 12,358 12,022 
jare /öõ ] ]ð;˙iwäAq OR a wae ;; Sumu m ⁊ͤ es 5,251 4,217 
7 ³ ³ W ³ y fe a ee 2,772 2,980 
Silicon and conductor bronze 7,367 7,677 
Copper-base hardeners and special allo ys 13, 339 13, 382 
ü ³oWW. ³ðVAÜ ði ß ð d ĩ 311,892 321,297 
R Me SM M ia aKa TEE Me Ae tn EE 531,139 585,808 
Brass and bronze castings. -----e-------20a0aaaaaaaaaanaaaaaaaanManMM 54,342 52,869 
Brass powder... u. uu ul uu eo er erue )%%%%%VCdꝙæĩ.:]ũ ẽ w 978 1,187 
Copper in chemical poroduets. 222020 4,965 4,757 
Grand EEN 1,326,370 1,398,959 
Table 20.— Composition of secondary copper- alloy production 
(Short tons) 
Year Copper Tin Lead Zinc Nickel Aluminum Total 
Brass and bronze production:! 
sss 8 244,974 14, 583 20,098 81,280 885 72 811,892 
1908.2... 8 253, 578 14, 128 19,917 32,785 806 83 321,297 
Secondary metal content of 
brass-mill produets: 
CTC ee 412, 554 485 2,912 108 ,912 6,256 20 531,139 
SFF ee 452,618 543 8,555 126,671 2,392 29 585, 808 
Secondary metal content of 
brass and bronze castings: 
1900 05... 43,192 2,009 5,638 3,409 49 45 54,942 
1968... ..-. .. 42,190 1,873 5,353 3,382 13 58 52,869 
r R 


evised. 
1 About 94 percent from scrap and 6 percent from other than scrap. 
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Table 21.—Stocks and consumption of purchased copper scrap 
in the United States in 1968 


(Short tons) 
Consumption 
Class of consumer and Stocks Receipts Stocks 
` type of scrap Jan. 1 New Old 'Total Dec. 31 
Scrap Scrap 
SECONDARY SMELTERS 
No. 1 wire and heavy copper 3,884 41,488 5, 909 36, 861 42, 770 2,102 
No. 2 wire, mixed heavy and light 
COpper - -.---------------- 8,467 85,889 15,908 71,708 87,616 1,740 
Composition or red brass 5,852 89,644 18,925 71,878 90,798 , 198 
Railroad-car boxes...............- 208 1,820 1:222 ,846 ,846 182 
Yellow brass....................- 7,221 64,266 9,182 56,589 65,771 5,722 
Cartridge cases and brass.......... 294 029 8 1,595 1,595 22 
Auto radiators (unsweated)........ 8,225 57,86 57, 666 57, 666 3,425 
7 A cote ce 402 32, 208 4, 985 27,773 32, 758 2,852 
Nickel eailver -2-2 ----- 966 5,089 715 4, 678 5,893 662 
w brass 535 5,977 4,827 1,002 5,829 588 
Aluminum bronzene 240 476 801 257 558 158 
Low-grade scrap and residues 6,813 60,809 48 ,690 9,474 58,164 9,458 
Total- ura 2 op ucu Ly 85,118 446,455 108,942 841,322 450,264 81,304 
PRIMARY PRODUCERS 
No. 1 wire and heavy copper 8,880 116,354 62,079 55,486 117,565 2,669 
No. 2 wire, mixed heavy and light 
h ⁰ 18,824 179,367 111,487 67,113 178, 600 14,591 
Refinery brass. ................-.. 898 6,167 ,494 1,088 6,627 88 
Low-grade scrap and residues 15,707 207,898 70,889 189 , 745 210, 634 12, 971 
Total. c; ru oc 8 88,809 509 , 786 249 ,949 263,377 513, 826 30, 269 
—ů———————-— 
BRASS MILLS ! 
No. 1 wire and heavy copper....... 14,499 130,084 107,075 28,009 130,084 7,568 
No. 2 wire, mixed heavy and light 
r ..  ..-.. 744 36, 728 35, 780 948 36,728 8,788 
Yellow brass 27,018 259,009 259,009 ......... 259,009 18,932 
Cartridge cases and brass 8,27 110,238 92,192 18,046 110,288 5,894 
rr s aem SEE EE 1,041 4,247 DAT. Q. s. c. 4,247 780 
Nickel silver 9,518 12,248 12,248 ......... 12,248 7,054 
Low bras 5,868 89,889 39,8892 e 88 8,452 
Aluminum bronze................- 738 27 214. . use 214 222 
Mixed alloy scrap... ............- 7,091 2,400 27 100 —˙C 2,400 3, 510 
Total 1... 52.2252 cud uh 79,784 595,062 553,059 42,003 595 , 062 51,150 
FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 
No. 1 wire and heavy copper 8,941 28,856 10,153 19,742 29,895 2,302 
No. 2 wire, mixed heavy and light 
CODDOR. beer 1,891 14,412 4,721 9,941 14,662 1,641 
Composition or red brass 689 4,681 1,674 2,966 4,640 680 
Railroad-car boxes 1,883 24,445  ......... 24,961 24,961 1,817 
Yellow brass 996 6,785 8,355 ,67 , 084 741 
Auto radiators (unsweated) ........ 1,515 6:187. sesso us 6,728 6,728 974 
enn. cw RAT T 495 1,764 612 1,119 1,781 528 
Nickel silver....................- 5 7 21 50 71 4 
w brass.....................-- 124 457 276 273 549 82 
Aluminum bronzene 251 682 508 197 705 228 
Low-grade scrap and residues 2,787 11,934 8,782 8,164 11,946 2,775 
Total oath eu EG 13 ,877 100, 273 225, 102 2 77,820 2102, 922 11,228 
= —— 
GRAND TOTAL 
No. 1 wire and heavy copper 25,104 816,782 185,216 135,098 820,314 14,641 
No. 2 wire, mixed heavy and light 
COpper 2-2 c2 4+ 24,926 816,396 167,896 149,710 817,606 21,760 
Composition or red brass.......... 5,991 94,325 20,599 74,889 95,488 4,878 
Railroad-car boxes 2,041 26,265 ......... 26,807 26,807 1,499 
Yellow brass 85,286 880,060 271,546 60,268 831,814 25,401 
Cartridge cases and brass 8,566 111,761 92,192 19,641 111,8338 6,116 
Auto radiators (unsweated) ........ 4,740 64,058 .......-. 64,8394 64,394 4,899 
hh A NA 4,988 88,219 9,844 28,892 88 , 786 4,110 
Nickel silver....................- 10,489 17,402 12,979 4,728 17,701 7,120 
Le, TTT EE 6,527 45,678 44,442 1,275 45,717 ,067 
Aluminum bronze................ 1,229 1,432 1,0 454 1,5 608 
w-grade scrap and residues 25,705 286,808 128,855 158,416 287 ,271 25,242 
Mixed alloy scrap. ..............- 7,091 2,400 2,400 ......... 2,400 8,510 
dk EEN 162,588 1,651,576 937,052 724,522 1,661,574 123,961 


1 Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in 


brass-mill and grand total sections do not balance. 


2 Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 609 tons of new and 
2,417 old; copper-base alloy scrap 8,070 tons of new and 4,421 old. 


3 Includes stocks of refinery brass. 
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Table 22.—Consumption of copper and brass materials in the United States, 
by principal consuming groups 


(Short tons) 
Foundries, 
Primary Brass Wire chemical Secondary 
Year and item producers mills mills plants, and | smelters Total 
miscellane- 
ous users 
1967: 

Copper sera 479 ,940 539,180 ..........- 99,684 422,680 1,541,484 
Refined copper. 650,374 1,240,236 36,004 8,978 1,935,592 
Brass ingoůt t 4,361 ..........- 2319,53 323,897 
Slab zine `: 535 117,638 ............ 8,807 10,092 181,537 
35 AnEON /// ĩͤ u ĩͤ v 150 6,728 6,878 
Copper scrap. .........- 518,326 595,062 .........-- 102, 922 450, 264 1,661,574 
Refined copper. 652,450 1,189,274 32,222 6,354 1,880,300 
Brass ingot...........-.  .......-- 5,213 ¿osi nosada 2 821,292 ......... 326 , 505 
Slab zinc 146, 899222 3,219 11,998 161,906 
Miscellaneouin s 150 2,436 2,586 


! Detailed information on consumption of refined copper will be found in table 27. 
* Shipments to foundries by smelters plus decrease in stocks at foundries. 


Table 23.—Foundry consumption of brass ingot, by types, in the United States 


(Short tons) 


1964 1965 1966 1967 1968 
I ³o¹0wĩ 9,334 9,999 11,174 10,691 11,745 
Leaded tin bron eee 27,683 31,331 31,699 28,048 30,013 
Leaded red brass 176 ,428 181,773 174, 270 145, 579 149, 139 
High-leaded tin bronzere 21,014 22,930 23, 595 20, 928 20,021 
Leaded yellow brass 12,938 19,767 17,349 15,866 25,428 
Manganese bronze --------------------- 9,264 9,816 10,331 10,254 10,274 
Hardeners___.... 2 lo sedens RUE 4,071 4,349 4,035 4,096 8,822 
Nickel silver ce lc SHIRE PRU 8,084 3,398 3,577 4,094 3,870 
Aluminum bronze. ..................-...-- 7,820 8,122 8,861 7,953 10,202 
Low bass. aaaaenMenMnMMMMMM 1,929 2,503 8,575 2,1761 8,611 


r A eos 273, 560 293,988 287, 966 250, 270 268,125 
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Table 26.—Primary refined copper supply and withdrawals on domestic account 


(Short tons) 
1964 1965 1966 1967 1968 
Production from domestic and 
foreign ores, etc.......---...-- 1,656,895 1,711,793 1,710,984 1,132,982 1,487 ,886 
Imports 1. -=-= 189 ,974 187 , 448 162,602 830,347 400,278 
Stocks Jan. 11. .. 52,000 87,000 85,000 . 43,000 27 ,000 
Total available supply. ...- . 1,848, 869 1,886,236 1,908,586 1,506,329 1,864,664 
Copper exports 1j | 816,280 324,965 278,071 159,353 240,745 
Dec. 81 1................- 87,000 85,000 43, 000 27,000 48, 000 
vk BEEN 358 ,230 859 ,965 316,071 186,353 288,745 
Apparent withdrawals on domestic 
aceount 2429 LLL LLL cL cL cles 1,495,000 1,526,000 1,593,000 1,320,000 1,576,000 


1 May include some copper refined from scrap. 
2 Includes copper delivered by industry to the Government stockpiles. 


Table 27.—Refined copper consumed by classes of consumers 
(Short tons) 


Ingots Cakes 


Year and class of consumer Cathodes Wire and and Billets Other Total 
bars ingot slabs 
bars 

1967: 
Wire mills.............- 6,058 1,226,370 6,964 ....... .....-- 844 1,240,286 
Brass mills 152,310 28,090 115,640 153,146 200,906 282 650,374 
Chemical plants.. 1.986. 4.2 m$ 1,014 2,400 
Secondary smelters 4,908 ........- S816 Llc. conce 254 8, 978 
Foundr ies 1,878 93 18,096 (1) ? 171 898 16,126 
Miscellaneous 1,684 80 8,235 (1) ? 948 6,531 17,478 
Total. Seca: 166,888 1,254,688 149,187 153,146 202,025 9,818 1,985,592 

1968: 
Wire mills.............. 16,632 1,164,938 D.T16 urit. ee sz 993 1,189,274 
Brass mills. ............ 141, 836 26,610 140,658 122,867 220, 504 475 652 ,450 
Chemical plant᷑s ......... .......-- 520 . uu; pee 1,128 1,648 
Secondary smelters. ..... 8,588 ........- 2.D80d. e Zeene 188 6,854 
Foundries. ............- 501 65 12,278 10 143 1,096 14,093 
Miscellaneous . 1,959 69 6, 872 (1) 2930 6, 656 16.486 486 
T ( 164,511 1,191,677 169,627 122,377 221,577 10,531 1,880 „300 


1 Included with Billets“ to avoid disclosing individual company confidential data. 

3 Includes “Cakes and slabs” to avoid disclosing individual company confidential data. 

3 Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper 
powder and copper shot, and miscellaneous manufacturers. 


Table 28.—Stocks of copper at primary smelting and refining plants 
in the United States, December 31 
(Thousand short tons) 


Blister and 

Year Refined materials in 

copper ! process of 

refining ? 
1964.5... sdatiAld cuu EE 37 246 
Er EES 35 246 
EE EE ero eres ee eh 48 270 
e EEN 21 220 
1868. ds llc e v cd Ma Eu Ee EE 48 272 


! May include some copper refined from scrap 
2 Includes copper in transit from smelters in the United States to refineries therein. 
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Table 29.—Stocks of copper in fabricators’ hands Dec. 31 


(Short tons) 
Unfilled 
Stocks purchases 
Year of refined of refined 
copper ! copper 
from 
producers 
(1) (2) 
kr WEE 429 ,989 107,244 
KEE cce nein uses 462,519 129,349 
KEE 558 , 599 134 , 732 
196l EE 479,572 98,716 
1968- ³ĩðA ⁰⁰y 514, 558 128,919 


Working 
stocks 


(8) 


381, 677 
895,396 
407,845 
415,765 
420 , 186 


Unfilled 


sales to 


customers 


(4) 


225,366 
288,681 
961,559 
269 ,474 
273, 469 
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—106 ,951 
—50,183 


1 Includes in-process metal and primary fabricated shapes. Also includes small quantities of refined copper 


held at refineries for fabricators’ account. 


2 Columns (1) plus (2) minus (3) and minus (4) equal column (5). 


Source: United States Copper Association. 


Table 30.—Average weighted prices of copper deliveries ' 


(Cents per pound) 


Year 


Domestic 
copper * 


Foreign 
copper 


r Revised. 
! Covers copper produced in the United States and delivered here and abroad and copper produced abroad 


and delivered in the United States. 


Source: Bureau of Mines reports from copper selling agencies, 1964-65, and Metals Week, 1966—68. 


Table 31.—Average monthly quoted prices of electrolytic copper for domestic and 
export shipments, f.o.b. refineries, in the United States and for spot copper at London 


(Cents per pound) 


1967 


Month Domestic Domestic Export 
eliv- f.o.b. f.o.b. 
ered 1 refinery 2 refinery 2 


January............. 87.81 37.872 49.839 
February...........- 88.12 38. 108 50.201 
Mare gn 38.12 38.076 46.692 
lll! te E 88.12 88.170 42.996 
I ---------- 38.12 38.118 48.233 
ne 2 eese 88.12 88.083 43.802 
T dan neat 38.12 88 .295 48 .888 
August... 88.12 89.090 44.966 
September 88.12 85 45.450 
October 38. ET 4) 47.431 
November 38.12 (4) 54.692 
December 38.12 (4) 53.616 

Average 38.10 88.226 47.192 


1 American Metal Market. 
2 Metals Week. 


1968 
London Domestic Domestic Export London 
spot 2 3 deliv- f.o.b. spot ? 3 
ered ! refinery ? refinery ? 
56.17 38.12 54.923 64.08 
55.18 88.12 61.570 78.22 
49.70 88.68 (4) 61.058 77. 06 
43.81 42.12 42.189 50.131 56.92 
46.88 42.12 42.070 45.996 49.47 
45.87 42 .12 42.096 48.705 51.16 
45.00 42.12 41.714 45.650 47.58 
47.09 42 .12 41.701 45.043 47.71 
47.77 42.12 41.719 47.491 50.06 
51.29 42.12 41.711 46. 586 48.74 
62.20 42.12 41.709 46.629 49 .56 
60.16 42 .12 41.712 49.745 53.35 
51.19 41.17 41.847 50.294 56.18 


3 Based on average monthly rates of exchange by Federal Reserve Board. 


4 Suspended. 
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Table 32.—U.S. exports of copper by classes and countries 


Ore, concentrates, matte, Refined Scrap 
(copper content) 
Year and country 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
W ne 38,710 $22,928 159,858 $159,085 17,616 $14,236 
1968: 
Kal uc n. ³² A ASNE 62 65. eh 88 
Argent)... 8 273 %%%%%%ͤ—᷑¶ 8 
Belgium- Luxembourg 8,167 4,702 7,336 7,518 1,278 900 
Eeer, weeded, ebe 81,33 30 /c%f᷑hhõTͥͥ ͥ ͥ e 
Canada 7,841 6,516 5,739 ,942 28,436 25 , 372 
Chile- zc uy ̃ 6m annan 8,643 3,012 4 i. cuer tu tet 
Glen unnn OEE nen nn aane anas 1 E. occu nc AME LL 
IShO8. 21-00 2222242 eeart o yo 30,4038 29,487 20 20 
Germany, West.........- 7,677 7 ,328 29,501 28,755 1,131 1,002 
Ü ³¹¹m mmm ĩð³ a ` dee 15, 216 // A _... 
EE 52 39 38,992 37,459 163 135 
ET EE 13,949 10,718 18,823 18,889 1,385 1,038 
Mexico- 504 1,427 19 18 342 386 
Netherlands 9,294 9,185 38 26 
G ð⅛ð».AAA. ⅛ðZ ( Sak = 4 cv Bioteams 
P!!! ee 4, 569 %%%y;ö§; w] ð é ³ tees, eL. ĩð K 8 
Sl ⁵ĩ ͤ ee 7, 594 6,459 794 790 554 521 
Sweden Ö Sete ³ðWAAA ͤ ⁰⁰⁰ mͥ m u sma 3,831 3,710 2 2 
Sir y (DOR DD 2,313 27004" uuiLeie ~<sdecesae 
United Kingdom 1,317 470 37,773 37,425 120 101 
Vugosla va 3,677 3, 556 1,302 1,457 583 501 
Other ˙ 4m... y ß 8 7,685 7,278 57 49 
/ 64, 990 46,902 240, 745 235, 450 34, 109 80,053 
Blister Pipes and tubing Plates and sheets 
Short Value Short Value Short Value 
tons? (thousands) tons (thousands) tons (thousands) 
KL EE 20,982 $10,023 715 $1,314 247 $429 
1968: 
AMC EEN 81 69 1 8 
KEENT Ee, ¼ ·˙ .: WI uu Wi. ĩ˙ü ird. quc ` LI Ed 
Belgium-Luxembourzg..... 836 8,379 10 22 1 2 
Brazel eee cee ` deene did arcs Seu 3 )))) 8 
Canada. 2,221 669 201 372 42 88 
S...... ⁵ ↄ ↄ d ⁵ĩð d ĩͤ a. Q usus Soi (2 1 
Goleo y 68 128 (2 (2) 
r e e xia Di 13 26 1 2 
Germany, West 1,091 908 1 8 2 2 
Indi. eee eee eee. d 2 10 1 2 
I! er za wed 4 4 1 I Severe "nod aeu. 
Japan EENEG 2 4 28 53 
Morico o ou e e tes Lu. Leis ME 8 5 12 25 40 
Netherlands. 3 7 1 4 
G ⁰o--! f y ys ĩðͤ eee 5 8 7 13 
/%///%•CGöCͥõ ³ÄV³5AA SS sia MI Ea Saa 8 30 3 5 
Spain 2, 502 F ß ete, wa see 
Sweden... ees. Bete “ewe cake 1 11 8 
Sir, ĩ AAA 8 2 5 1 2 
United Kingdom 1 1 25 62 
Vugosla via 94 Tá aanne k veau ic amica od ties 
FFC 1 1 241 513 11 18 
Ko E 15,749 11,579 598 1,219 144 292 


See footnotes at end of table. 
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Table 32.—U.S. exports of copper by classes and countries—Continued 


Wire and cable, bare Wire and cable, Other copper 
insulated - manufactures ! 
Year and country —  -n —— — p T-F— Np 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
KEE 4,971 $6,170 r17,182 * $32,410 6,570 $7,472 
1968: 

Air EEN 424 488 1,031 2,561 29 55 
Argentina. 52 176 16 26 
Belgium- Luxembourg 6 7 24 169 27 65 
PFF! een ew oes 155 164 44 144 (2) 1 
Canada --.-.----------- 866 483 6,480 8,207 1,121 1,325 

ff! ES uy ee 46 65 672 1,188 1 
Colombia. 6 12 120 286 525 546 
FAN e-e oe e LL 27 36 401 758 174 241 
Germany, West 18 23 465 1,663 170 292 
UNG e ere seeks (2) 2 86 1 14 26 
Italy... enti ae 5 8 146 817 15 50 
Japan onces 40 52 300 1,197 54 12 
Mexico 130 192 2,745 4,182 31 62 
Netherlands. ............ (2) 6 115 474 11 56 
Oceania 4 6 208 778 18 48 
Clete ³ĩ³ AA 21 27 110 274 8 15 

Spain... .  . . uude 9 12 105 670 2 

Sweden 52 80 96 351 11 17 
Switzerland 152 183 91 268 4 9 
United Kingdom......... 21 43 192 1,049 36 123 
YursoslaVig eue ls cocco uad dub ate SUS 19 61 599 583 
Other... ed eee uQ: 968 1,193 6,449 12,560 1,801 2,054 
Total :o:22 K 88 2,450 3,082 19, 946 38,002 4, 669 5,681 


r Revised. 
1 Does not include wire cloth: 1967; 1, 394, 086 square feet ($1,013,363); 1968: 975,618 square feet ($635,269). 
? Less than 1⁄ unit. 


Table 33.—U.S. exports of copper by classes 


Ore, concentrates, Refined copper 
and matte (copper Blister an 
content) semimanufactures 
Year ——— — — —-P 
Value Value Value 
Short tons (thou- Short tons (thou- Short tons  (thou- 
sands) sands) sands) 
TEE 1,413 $496 736 $431 319,314 $338,184 
LU oy or ee Sa eines M 38,710 22 ,928 20,982 10,023 *200,084 r 213,644 
1968... lidem hae aise aa Qu Qa Tasta 64,990 46,902 15,749 11,579 297,992 308,098 
Other copper manufactures ! Total 
Short tons Value Short tons Value 
(thousands) (thousands) 
OG neuen np enc Ree ee LO RE n 6,934 $7,804 328 ,397 $346 ,915 
7%ö% ð y ae cec r 6,570 7,472 r 266,346 r 254,067 
IO008. oe EE 4,669 6,681 388, 400 872,260 


r Revised. 
1 Does not include wire cloth: 1966; 948,388 square feet ($503,074); 1967: 1,394,086 square feet ($1,013,363) 
1968: 975,618 square feet ($635,269). 
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Table 34.—U.S. exports of copper-base alloy (including brass and bronze), by classes 


1967 1968 
Class 

Short Value Short Value 
tons (thou- tons (thou- 

sands) sands) 
eege EE 1,211 $1,258 112 $1,232 
Serap and waste. — I. ee eet eer 64,877 40,114 85,949 60,667 
Bars, rods, and shape 2,17 ,046 1,629 2,898 

Plates, sheets, %%%0%Üĩ§¹E[5 ³ ðͤ ĩð [ 1,118 3,523 1.229 KI 
Pipes and tubing... 6.4... o o o du e e ASTE 2,092 8,986 1,520 2,966 
Il ͥd sss tss Qs i ei ue 2,846 8,578 2,757 8,818 
Plumbers’ brass goods 914 2,161 1,156 2,697 
Welding rods and wire 910 2,466 1,079 2,480 
Castings and forgings. a cL LLL LLL LLL 2-2... 401 881 564 888 
Powder and flakenm Ss 1,036 1,571 1,154 1,807 
OM DEE ei eee eee 8 634 „609 725 2,279 
Articles of copper and copperbase alloys, n. e.e—— () 6,126 (!) 7,958 
I //ö;ͥ³ſ d . GR MEE 78,218 75,809 98,584 98,922 

! Quantity not reported. 


Table 35.—U.S. exports of unfabricated 
copper-base alloy ' ingots, bars, rods, 
shapes, plates, sheets, and strips 


Table 36.—U.S. exports of copper sulfate 
(Blue vitriol) 


Year Short tons Value Year Short tons Value 
thousands) thousands) 

198606ͤͤͤͤ P 4,868 $7,934 19839099 eee E gea 8,563 $1,725 

1967 .——— 8 4,503 8,922 1967 GE 979 776 

Li c2 8,630 8,4'12 19689898;O ... 927 718 


1 Includes brass and bronze. 


Table 37.—U.S. exports of copper scrap, by countries 


Unalloyed copper scrap Copper alloy scrap 


1967 1968 1967 1968 
Country — 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands sands) 
Belgium- Luxembourg 242 3217 1, 278 3900 4,180 32,152 10,887 37,377 

Canadá... oo c wt 18,722 11,421 28,436 25,872 11,21 „415 18,866 7 
we ul 2... ⁵³ . %⅛ͤ Sm “asss 2 2 26 13 272 250 
Germany, West 131 91 1,181 1,002 4,008 2,464 8,736 6, 900 
Ill!!! r A 8 282 2;*—! md 408 210 77 67 
EC eo secu Ma 51 163 185 1,410 825 10,412 6,680 
CH TEE 2,436 1,567 1,385 1,088 „805 28,709 25,984 ,998 
Mexico.......................- 6 842 886 89 19 148 146 
Netherlands................... -.---. .....- 88 26 880 187 648 510 
LC EEN 541 460 554 521 8 499 3,372 2,450 
Sweden 56 39 2 2 2,615 1,336 1,721 1, 186 
United Kingdom. .............- 18 7 120 101 9 64 3,018 2,002 
ugosla va 42 583 501 1,126 844 598 467 
Other 2222s n suu ee 61 72 57 49 745 377 1,276 890 
CC AAA aasa 17.616 14,236 34,109 30,053 64,877 40,114 85,949 60, 667 
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Table 38.—U.S. imports and exports of brass and copper scrap 


1967 1968 


Short Value Short Value 
tons (thousands) tons (thousands) 


Exports: 
Copper-base alloy scrap (new and old).............- 64,877 $40,114 85,949 $60,667 
Copper gergnp. sz 17,616 14,236 84,109 30,053 
Imports for consumption: 
Brass scrap (gross weighgntktkt LL cce sss 8,505 2,479 8,022 2,042 
Copper scrap (copper content)............. -.----e- r 16,717 r 14,802 11,571 12,117 
* Revised. 


Table 39.—U.S. imports for consumption of copper scrap, by countries 


Unalloyed copper scrap (copper content) 


Country Short Value Short Value 
tons (thousands) tons (thousands) 
1967 1968 
e AT TEE t 14,771 r $183,482 9,385 $10,235 
Dominican Republic. | 24 | | LL. 22 ............-. ..........-.- 
Jö ͥ ͥ eee w 22 e, qs tori A ode tu x aL 
Germany, West r 148 r 89 11 17 
ER elt ieee awaadesistegsc. usu ow quas 385 474 
LC a oe go oe a elects 1,388 909 899 697 
Netherland 2 1 3 
EE1J7öĩ³n ( %ĩðâ 8 71 e EE 
pas JJV! 8 52 2öĩÜöÜVęʒ mm-h—= Gis LE LI E 
nited Kingdom. .-.-.---------------- 27 39 405 329 
77 JJ a ote 234 175 485 362 
/A aaan r 16,717 r 14,802 11.571 12,117 
Copper alloys serap 

Short Short Value Short Short Value 
tons tons (thou- tons tons (thou- 
gross copper sands) gross copper sands) 

weight content weight content 

1967 1968 

Canada. c . ros esed 2,025 1,414 $1,564 2,529 1,726 $1,733 
Dominican Republic ------ 208 175 J) ²˙—ͤ—̊iãꝛſ loh di caus 
KT EES 55 39 9;ö;ẽO——9d 8 
Germany, ↄ ͤ&! ]]ỹ§ĩ·„ D ]ĩÄW2AWAA ff eds Samal 

NEE eco eM E E 24 17 16 3 1 
tee uot vLen A 8 532 376 805 220 198 180 
irt ð ↄ d deer 32 25 21 
e ———MÁM 259 218 JJ! %˙wü aieas 
% ³·˙AAAA eed seu au ES esum. ð.ßß ¹˙¹ ü ou ßv-,dddddddd usas 
United Kingdom..................- 142 101 97 22 19 22 
Other coo md ce cee 260 209 141 216 162 134 
/A Zl ecu 8,505 2,549 2,479 3,022 2,131 2,042 
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Table 40.—U.S. imports! of copper (unmanufactured), by classes and countries 
(Short tons, copper content, and thousand dollars) 


Ore, concentrates Matte Blister 
Year and country 
Quantity Value Quantity Value Quantity Value 
1885 JJC”. ᷣͤ aes ae r 42, 584 $37,165 871 $389 357,835 $297,896 
19 
Australia 708 ;’ .... ĩͤ A A 
Belgium-Luxembourge <2... n”dss‚‚‚s.ssd ⁰o ] ccsecesices 
Canada 7,151 6,410 78 75 836 300 
Chile. ¿ul  . 8 691 25T seeder ĩð2 s 141,629 105,745 
Germany, West 211 111 Sect Wee ² 0. ͤ w 
ess ees 145 68. 22222260. 8 2,987 2, 636 
Netherlands. ocu . ² ³ ä ß Ä. d ⁰⁰ʒ 
JJ%½%0%%%6»é˙òo EE RUNE 6,614 5,390 1 84 84,329 75,781 
Philippines 16, 058 1111 ]³Ü ¹wA Al ð d K racc 
South Africa, Republic of.. ......... ......... 44 88,866 29,440 
United Kingdom... ð5 ...: y 
CJJJ))))!öõõĩ˙Übw «⁵ y: m:... è yd ß . ML os 
J%0C0öõĩ⁵ͤ ß ⁵ę é̃ ů :::: ¾˙˙ .... ) ( M Po E EE 225 218 
GM A au 1,313 1,118 1 1 1,000 994 
Tot! 32, 891 28,823 80 110 269 , 822 215,064 
1968: 
Australia 942 N42 22 ĩ ĩ¾ —b1l uuu 
Belgium-Luxembournn U :Eknhh hh «4«4«%Ü:?ꝛ; d ͤ«%„4 ä 
Canada. 6,711 5, 776 503 487 155 14 
) eines, metas A mt 88 136,320 108,256 
/ ˙’àͥw ⁵³ / õdd A V, ⁰y ʒ e 
%%%n oa oe 217 95 2 (2) 5,067 4,960 
Netherlahdg- uuu ß ß e , Quq. teen euim caa 
io ENEE 4,637 /// AAA Lo 89,033 81,912 
Philippines 14, 543 15, 258 1 S eee oes 
South Africa, Republic olhꝶůhkhkkkkkee ß. F 88,243 80,696 
United Kingdom... o2 8 
Yuposldvid g 202 ß ß , Gee eile au uM IDOL Vtde DUE 
E e nuce ⁵ð2i ĩ⁵i̊ d ͥ m dd uc ca Musik 
% AAA la TE 3 2 1,899 1,843 
Total 27,050 26,280 509 490 270,718 227,814 
Refined Scrap Total 
Quantity Value Quantity Value Quantity Value 
1885 nec ee 8 r 164,828 3144, 625 r 29, 586 331,819 r 594,704 3511, 894 
Australia 2, 247 2,208 wcticice., gesiasiane 2,955 2,763 
Belgium- Luxembourg 20, 678 1777 Bizet 20, 678 19,290 
Canada 140, 602 122, 521 r 14,617 r 13,338 r 162,784 * 142,689 
Sil. ee zs 80,79 90.298. ... . . .. . Ulsbcesae 173,111 136,300 
Germany, West 83,269 83,399 r 21 r 25 r 88,501 r 88,588 
h ³o AA ¿usu aus 1,388 909 4,470 8,618 
5 e 14,119 14, 646 1 14,121 4,647 
RRS ERY S 27,694 21,160. 222255 RISE 118,688 108,816 
Phil F ³˙ꝛA5¹⁴—ù d d d ĩð v ĩð v cud d „058 ,48 
South Africa, Republic of 3,220 8,223 Jostens 42, 086 82,663 
United Kingdom 20,468 19,612 27 89 20,495 5651 
Vugosla via 1,766 2820 - Ae belga. 1,766 1,820 
Zambia 9,577 /// A Hidurersu 9, 802 9, 572 
Ghee tee ees r 26,140 r 26,149 r 808 r 244 r 28, 762 r 29, 106 
Totals eË ˙¹m eae r 380,571 r 310, 304 r 16,363 r 14,551 vr 649, 227 r 568,352 
1968: 
Australia 4,086 4.998. te 8 4,978 5,680 
Belgium- Luxembourg 57, 859 67,000 -Sendueuse Beseezses 57,859 67,895 
Canada...............-. 135,116 121,656 8,050 8,692 150, 534 136, 756 
Gille 88 , 860 , 193 1,862 1,508 180,542 156,957 
Germany, West 55, 263 67,088 11 17 55, 274 67, 055 
Mexico 1,121 1,592 899 697 1,8 ,944 
Netherlands „699 4, 290 1 8 700 4, 298 
.f!!! 8 18, 525 rr / x99 nes 112, 195 105,988 
FFI ³ y y y <s 14, 25 
South Africa, Republic of 4, 648 5 %% ͥ A ˙ A 2ece ese 42,891 86,341 
United Kingdom 22,512 29,098 405 829 22,978 29,429 
Yugoslavia. .............- , 14 .,... 740 11, 986 
Zambia 22, 898 / cout, Gosek 22, 898 27,801 
A/ ² AAA sh usu 21,942 27,508 692 706 24. 536 80,059 
/» A 400, 278 435,257 11,420 11,952 709,975 701,793 
r Revised. 


! Data are general imports, that is, they include copper imported for immediate consumption plus material 
entering the country under bond. 
2 Less than }4 unit. 
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Table 41.—U.S. imports' of copper (unmanufactured), by countries 


1967 1968 
Country —— —— — P nq 
Short Value Short Value 

tons (thousands) tons (thousands) 
Australia. EEN 2,955 $2 , 763 4,978 $5,680 
Belgium-Luxembourg - -------------------------------- 20,678 19,290 57,859 67,395 
Canadá... et ee th d r 162,784 *142,689 150,534 136,756 
Chile... EE 173,111 136,300 180,542 156,957 
Germany, Wes ns r 38,501 r 38 538 55, 274 67,055 
²·Ü—G qꝗr ß stereos a teu E ELE ,470 3,613 7,306 7,344 
Netherlands. ——— ⁵⅛ðAA ww deed 14,121 14,647 3,700 4,298 
J ͥ a se Sa IS ee eS 118,688 108,815 112,195 105,938 
PRP ihn es i usuy sc 16,058 14,438 14,544 15,259 
uth Africa, Republic oft 2 eee 42 ,086 32 ,668 42,891 86,341 
United R ingdo „„ 20, 495 19,651 22, 978 29,429 
TYUEOBIBVIRA ß e ß nca 1,766 1,820 9,740 11,986 
lll uma S Sus ays 9,802 9,572 22,898 27,801 
%%0%%%%“fͤ tr.. v y eee te r 28,762 r 29,106 24,586 80,059 
J.... ³ð³A EE r 649,227 r 568,352 709, 975 701, 793 


r Revised. 
1 Data are general imports, that is, they include copper imported from immediate consumption plus material 
enter ing the country under bond. 


Table 42. U.S. imports for consumption of old brass 
and clippings from brass or Dutch metal 


Short tons 
Year Value 
Gross Copper (thousands) 
weight content 
JJ ae EE 7,360 5,056 $5,846 
1961.5..—5 munde Sls Ne E 3, 505 2, 549 ; 
|]. eege 3,022 2,131 2,042 


1 For remanufacture. 


Table 43.—U.S. imports for consumption of copper (copper content) by classes 


Ore and concentrates Matte Blister 
Year Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
e E E AE ESE 6,843 $4,118 117 $85 837,955 $272,996 
11k; ce ce ERE LAE De E Su Susa 35,673 28,820 2 35 r 270,728 r 217, 478 
ü us ces 71, 884 66,291 8 4 274, 180 224,018 
Refined Scrap Total 
— IT n 'r value 
Short tons Value Short tons Value (thousands) 
(thousands) (thousands) 
jf E EN EEE 77,783 $63,654 23,908 $24,662 3365, 515 
f. ( ee r 332, 290 r 311,415 r 16,717 r 14, 802 r 572, 545 


jb g —— — — PH 403,630 438, 608 11,571 12,117 141,038 
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North America: 


Country 


Portugal 
Spain 55. 


Yugoslavia 


Africa: 


Algeria 
Congo (Kinshasa) 


wm « gr ep gr om c» De Zee em 
«D Ap ep X» c» æ dn dp a» gp = 


Rhodesia, Southern 


South Africa, Republic of 


South-West Africa, 
tory of 


Burma 


Estimate. 
1 Figures shown represent copper content (recoverable where indicated) of ores mined when available data 


are adequate. If data for ores are incomplete or lacking, the figures include the nonduplicative cop 


P Preliminary. 
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1968 


(Short tons) 
1964 1965 1966 

486 , 897 507 , 874 507 , 874 
„434 e 6,600 ° 6,600 
5,544 4,365 8,064 
57,399 60,900 62,295 
10,185 11,229 10,863 
1,246,780 1,851, "194 1,429,152 
380 571 r 871 
5,218 5,221 6,428 
2,20 r 2,506 r 2,9865 
698,140 667,898 r 781,243 
1 1 246 
3 194,497 3 198,786 194,441 
2,800 r4,620 r 5,500 
1,725 1,678 2,048 
22 , 487 32,959 er 88,000 

r 35, 878 r 33, 286 r 29,448 
294 312 478 
r 24,354 r 22, 590 r 20,827 
1,759 1,184 1,386 
Su EET —-⸗-? r 1,389 
r 848 788 1,269 
16,505 16,278 16,381 
16,000 16,600 17,700 
4,812 4,799 4,117 

10,882 9,674 r 9,66 
17,846 17,402 * 16,896 
715,000 110,000 825,000 
69,648 68,951 68,588 
1,204 1,180 1,184 
804,943 818,132 847,960 
,927 ,998 2,956 
18,341 19, 800 er 16,610 
65, 579 r 66,566 r 187, 877 
88,698 43,456 42,906 
r 19,862 r 20,781 r 20,768 
697, 047 766,924 687, 226 
140 150 110 
99, 000 99,000 99,000 
r 14,800 r 22, 535 r 19, 567 
11, 558 11, 158 11, 854 
9,736 10,554 12,122 
r 8,030 r 8,250 r 8,580 
117,037 118,021 123,105 
11,000 11,000 13, 000 
937 „260 1,274 
66 ,643 69 ,159 81,304 
,916 er 2,090 er 2,754 
88,080 87,088 40,124 
r 116, 508 101, 235 r 122, 647 
r 5,297,121 1 5,549,074 v5, 800, 341 

r Revised. NA Not available. 


Table 44.— World mine production of copper, by countries 


1967 


602, 645 


784 
* 19,140 
140, 588 
* 41,800 


19,181 
729, 789 


13,200 
2 


5,518,602 


1968 » 


608,188 


1,204, ,621 
e 450 
7,680 

NA 
729,848 
456 

235, 856 


141, 851 
* 40,700 

20,554 
792,910 


117,680 
e 924 


5,893,620 


r content 


of OR ea matte, metal, or other copper-bearing products, measured at the least stage of processing 
represente 
2 Czechoslovakia, Hungary, Kenya, and Malasia also produce copper, but production data are not available 


3 Recoverable. 
4 COMIBOL production plus exports by smells and medium mines. 


* Includes copper content of cupriferous 


pyri 
* Output from U.S.S.R. in Asia included With U U.S.S.R. in Europe. 


7 Total is of listed figures only. 
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Table 45.—World smelter production of copper, by countries ' 
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(Thousand short tons) 
Country 1964 1965 1966 1967 1968 v 
North America: 

an ada 407, 942 484,188 488 ,921 499 ,879 524,807 
Mexico 55, 8 59,58 60,889 60,012 65,884 
United States 1,338,433 1,434,050 1,466,436 862,340 1,266,478 

South America: 
Brazil **..................- r 3,630 4,015 8,850 9,850 8,850 
Sl. é? r 645,781 r 633,395 r 696,228 695, 437 691,465 
Peru. 22.225 80 ce bea 167,625 174,851 166,533 172 7695 205, 109 
. 

CCC ( hc 2,429 r 4,576 4,620 4,620 4,620 
Austria 3 22 Lc. -- 16,140 17,864 18,761 19,228 19,957 
Bulgari 23,261 27,831 r 29,928 29, 700 ° 80,800 

inland 333 36,571 33, 645 35,177 87,659 89,556 
Germany: 

Raüst93 eet r 44,000 r 44,000 r 44,000 44,000 44,000 
West 370, 728 398,946 418,773 421,439 e 462,000 
Norway....-.---.--..--.--- 19,301 22,140 21,960 22,878 25, 875 
Poland -------------- 40,394 41,226 43,924 46,200 48,047 
Sl! Ll e 28,595 84,197 r 26,494 81,961 50,300 
Sweden 50, 323 r 55,704 56 , 438 52,565 51,358 
U.S.S.R. (Primary) °.......-- 115,000 770, 000 825, 000 880, 000 880, 000 
ae Yugoslavia ?...............- 57,007 62,742 18,640 84,531 e 84,700 
rica: 
Congo (Kinshasa: 804,948 818,132 847,960 851,512 853,332 
hodesia, Southern 16,798 e 19,000 e 18,900 NA 
South Africa, Republic of 60,090 60,022 r 137,376 140,544 141,312 
South-West Africa, 

Territory oz 81,428 82,745 36,412 e 37,400 e 32,000 

Uganda 20, 128 18, 895 17,745 15, 897 17, 188 

id Zambia 708, 616 754, 966 421, 738 679, 762 732,279 

a: 

China (mainland) ` 110, 000 110, 000 110, 000 90 000 110, 000 

Indis en r 10,441 10,318 r 10,817 9,812 10,238 

Sapan EEN 876,658 403,095 446,267 517,986 604, 348 
orea: 

North oo 11, 000 13,000 13,000 18,000 18,000 

South.................- ,097 2, 973 4, 268 4,075 5,021 

KA RE 2,080 2,412 2,658 3,301 e 3,301 

Turkey 28,639 28,991 29, 340 27,980 26,029 

Oceania: Australia 90,259 82,224 101,345 79,303 102 , 492 

lr Sees r 5,791,720 76,104,622 6,123, 899 5, 939, 056 6,649,331 

e Estimate. P Preliminary. r Revised. NA Not available. 


1 Data include blister copper, refined copper of nonblister origin, and refined copper derived from unreported 
quantities of domestically smelted blister copper. Data are presumed to represent primary copper unless other- 


wise indicated 


2 Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestic ores only, 
exclusive of scrap, was as follows: 1964, 1,801,107; 1965, 1,402,798; 1966, 1,429,854; 1967, 941,848; and 1968, 


,293,951 


* Includes secondary copper. 


4 Belgium reports a large output of refined cop 
copper from Congo (Kinshasa); it is not shown 


country. 


h 


5 May include some scrap in raw materials; excludes fire refined copper. 


* Totals are of listed figures only. 


er which is believed to be produced principally from crude 
ere, as that would duplicate output reported under latter 
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Table 46.—Chile: Exports of copper, by principal types 


(Short tons, copper content) 


1967 * 1968 
Destination Refined Refined 
Electro- Fire Blister Total Electro- Fire Blister Total 
lytic refined lytic refined 

Argentina............... 15,585 3,963 ....... 19,548 17,636 5,088 22, 724 
Australdü- 5.6 ⁵⅛½- ee | tute, —2•à“:n: asa 333 336 
Austria 928 ͤ A eons BOT uin. manuals 897 
Beli ve dieux 624 34,397 35,024 1,400 9,641 11,041 
Brazil... 6,316 1,895 ......- 8,211 7,497 1,444 `... 8,941 
Colombia 22 ETA S rA b 712 
Denmark 1880 omes aas 1,867 1:092 anges caen 1,092 
Finland 2.873 lm. GSS uY 2,873 // •AA Gmm 3,527 
France..............-.-- 30,285 18,968 ....... 44,198 23,645 18,928 ....... 87,573 
Germany, West 77,475 12,942 50,585 141,002 87,283 14,586 20,494 122,313 
bea AUR SEA eS META 38,744 20,422 1,504 60,670 35,400 18,059 1,315 54,774 
De PRU RED 18,772 5,589 ....... ; 25,467 ....... 19,912 45,879 
Netherlands E a a 899. 22. x howe cae 399 1.218. foes. xxx 1,216 
Norway /// A EEN 3,316 ͤ;Ü— 3, 527 
Spas m 6,034 1, 68600 7,714 6,823 1,344 675 8,842 
Sweden 16,512 7,056 9,967 33,535 19,633 9,801 8,542 37,976 
Switzerland. 2,339 1,809 99 , 148 1,719 1,702 ee ee 8,421 
United Kingdom... 5 54,505 20,310 37,029 111, 844 63,551 19,224 39,035 121,810 
United States 28, 556 3, 360 131, 810 163,726 28, 202 1,560 147,759 177,521 
Other 44 158 . . . 197 __ 200555 205 
Total: u L.L S. 304,500 93,791 265,292 663,583 327,115 89,339 247,373 663,827 


p Preliminary. r Revised. 
Source: Corporatión del Cobre de Chile. 


Table 47.—Peru: Copper production 


(Short tons) 

Year Blister Refined Other Total Table 49.—United Kingdom: Exports 
1964. 125,985 41,679 26,883 194,497 and reexport of copper, by countries 
1965. 130,250 44,600 23,936 198,786 
1966 — 124,674 41,859 27,908 194,441 (Short tons) 

19672 194,152 38,592 26,924 199,668 
1968.......- 162,682 42,427 30,147 285,256 Deiat 1967 1988 
Table 48.—Canada: Copper production $gentina----.----.------ 755 166 
2 i elgium................. 1,728 1,822 
(all sources) by Provinces Brazil.-------4 5 " 382 : 545 
mainland. ........ ,9 ; 
(Short tons) Czechoslovakia 1.289 1,150 
rimi V 1 060 3 520 
š G : ; 
Province 1967 1968 p Germany, West r 17,164 10,811 
E D I te bee 
tish Columbia 86,819 82 495  Italy....---------------- : ; 
Mana i 29,560 29 776  Netherlands..-.-.....-.-- 9,060 10,506 
New Brunswick ......- 5, 786 8,060 NEEN Eeer 122 45 
Newfoundland - 21,965 21, 860 Pakistan... e r 647 834 
Northwest Territories 566 1,049 Poland.................. 5,244 2,142 
Nova Scotia 28 91 Si 8,064 3,151 
Ontario................-- 276,146 288,484 Sweden -02-2 549 926 
Cueb eee 166, 385 156,113 United Arab Republic -— 1,892 
Saskatchewan 22,975 22,735 United States r 10, 198 17,222 
Yukon Territories 8,584 5,983 Ge snae r 892 2,241 
Totals cec uenis 618,814 616,576 Total 68,742 62,496 
v Preliminary. r Revised. 
E copper in matte Source: World Metal Statistics, Published by World 
Source: Dominion Bureau of Statistics, Depart- B U of Metal Statistica; 


ment of Trade and Commerce, Dominion of Canada, 
eege Mineral Production, Preliminary Estimate, 
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Table 50.—United Kingdom: Imports of copper by countries 


(Short tons) 
1967 1968 
Country Blister Electro- Fire Blister Electro- Fire 

lytic refined lytic refined 

A ˙·¹¹wͥ W wena A 777 àens 258577 . . 
Belgium. eege erter ee te 5.756. uses ` dee 9,449 .......- 
ST, TEE ere "ees ee 98,805 ........ 
CONG Ze ³ĩðV. 8 34,100 59,469 20,897 89,648 58,909 17,860 
Congo (Kinshasa)................ .......- „ 22 5,542 222 
Germany, Wee t10.195- . meme 11,517 __ ! 
Netherlands ----.--- 6000 8 3,142 eek 
Norway L. ͤui ⁰mm2d ⁊ðͤ d ee es P7040" ^. 2 eee wes 21117171 sss 
POP EEN EE 294 x 
South Africa, Republic of.. 146 199 7,801 196 7,508 10,886 
BSDHI..-orcadmue eec edo uay do ce 3,912 N 1,188 ........ 
SSS AAA ĩ 15.710 EE 8,870 .......- 
SO State Ro r 30 205 506 ......-- 26,046 1,538 
Zambia......................-.. 1642 189,918 14,210 189,072 ........ 
OUNCE -os e ee ee ees. ee 1,075 57 78 2,831 276 
Total.__ ³AA 84,788 v 433, 255 29, 261 44, 132 430,977 80,510 

r Revised. 


1 Includes fire refinable anodes. 
Source: World Metal Statistics, Published by World Bureau of Metal Statistics. 
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Diatomite 


By J. M. West ! 


Domestic production and sales of diat- 
omite in 1968 declined 10 percent in 
quantity from that of 1967 but remained 
almost unchanged in total value. The de- 
cline in quantity, largely the result of a 
drop in sales of pozzolan and coating agent 
products, was offset by an increase of 10 


percent in the average value of overall 
products marketed during the year. The 
United States produced about one-third 
of the world's diatomite needs and sup- 
plied probably over one-half of the world's 
filtration grade material in 1968. 


DOMESTIC PRODUCTION 


The tonnage of diatomite produced was 
lower in 1968, with the greatest decline in 
California, the leading producing State. 
Nevada and Washingtoa were also signifi- 
cant sources while Oregon and Arizona 
produced only minor quantities. During the 
year, 11 companies with 13 plants processed 
diatomite. Johns-Manville Corp., with fa- 
cilities at Lompoc, Calif. remained the 
dominant producer and expanded its plant 
capacity with the aim of processing 800 


to 1,000 tons per day in 1969. Large quan- 
tities of waste material were mined, as in 
the past, to reach the specific beds of diat- 
omite desired. Eagle-Picher Industries, 
Inc., largest Nevada producer, installed a 
second rotary furnace at its plant near 
Lovelock expecting to double capacity. 
Airox Co., a producer chiefly of pozzolan 
from diatomite, sold its facilities in Santa 
Barbara County, Calif., to Pozzolan Prod- 
ucts Inc. in the latter part of the year. 


CONSUMPTION AND USES 


Filtration products grew in both absolute 
tonnage and proportion of total diatomite 
consumed in 1968; filler use also expanded 
though somewhat less. The quantity and 
proportion of diatomite used for insulation 
remained about constant. In the miscella- 
neous category, the main declines came in 


pozzolans and coating agents, possibly be- 
cause of substitutions. Other uses included 
absorbents, carriers for insecticides and 
catalysts, lightweight aggregates, and soil 
conditioner. 


1 Physical scientist, San Francisco office of 
Mineral Resources, Bureau of Mines. 


Table 1.—Diatomite sold or used by producers in the United States, 3-year totals ' 


1954—56 1957-59 1960—62 1963-65 1966-68 
Domestic production (sales) 
short tons.. 1,105,279 1,349,340 1,446,625 1,740,838 1,881,877 
Average value per ton $39.21 345.73 $50.08 $50.40 $54.18 


' Annual figures are company confidential. 


Table 2.—Domestic consumption of diatomite, by principal use, 
in percent of total consumption 


1964 1965 1966 1967 1968 
47 44 46 48 55 
24 20 20 18 21 

£ 6 5 4 4 
25 80 29 80 20 
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PRICES 


Prices of filtration and filler grades rose 
substantially in 1968 because of rising costs 
of labor, materials, and distribution, and 
at yearend further price increases were 
being discussed. 


FOREIGN 


Significant tonnages of diatomite prod- 
ucts continued to be exported to many 
parts of the world. Imports were of little 
consequence and totaled only 132 short 
tons from Canada, Uganda, and Mexico. 


Table 3.—Average annual value per ton 
of diatomite, by uses 


Use 1967 1968 
Filtration 361.15 367.74 
Insulation 54. 44. 
Abrasives 131.73 128 .7C 
lege us ër éiere beet 22 58. 57.20 
Miscellaneous 37.98 85.84 

Weighted average..... 52.54 57.98 


TRADE 


Table 4.—U.S. exports of diatomite 
(Thousand short tons and thousand dollars) 


Year Quantity Value 
1900-25 vo resi ex 144 $11,500 
17;öÜ sq e 148 11,324 
KIT EE 168 12,008 


WORLD REVIEW 


There was little international news on 
diatomite during the year. World produc- 
tion continued to rise in keeping with es- 
tablished trends. Major world producers in 
order of importance were the United States, 
U.S.S.R., France, Italy, and West Ger- 
many. The new jointly owned Johns-Man- 
ville Corp.—Government of Iceland diat- 


omite mine and mill, under construction 
at Lake Myvatin, was due to begin supply- 
ing products chiefly for export to European 
markets in 1968—69. Prospects were con- 
sidered good enough that doubling capacity 
to 24,000 tons per year was already under 
consideration. 


DIATOMITE 


Table 5.—World production of diatomite, by countries 
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(Short tons) 
Country 1964 1965 1966 1967 1968 » 
North America: 

TT, TE 1,148 82 70 NA NA 
Costa Rica *...............- 8-,968 8,307 8,307 11,028 11,028 
Mexico..................-.- 2,260 987 9,827 7,921 10,961 
United States 580, 275 580, 275 r 627,292 627,292 627,292 

South America: 
Argentina 8,567 6,774 r 12,063 8,979 NA 
Colombia..................- 255 2200 22 NA NA 
PC ² ² ˙·˙m-aA A ze. 2,858 2,724 1,742 4,118 NA 
Europe: 

! 888 4,224 4,447 4,188 4,031 8,284 

Denmark: 
Diatomite 20,898 18,779 11,028 11,028 11,028 
Moler ° 3 210,761 284,461 228,989 220,462 220,462 
Finlande . . See 2,992 1,04 1,8 1,785 ,182 
France +... . . . . . . . . . . . 146,699 166,046 r165,710 176,870 
Germany, West 
(marketable)? 8 116, 84 5 126, 766 98, 106 98, 106 117, 358 
%% ͤ˙¹˙ ni dd d ⁊ ͤ e Dae ; 
II aaa 76,445 r 69,789 r 69,131 66,088 * 66,139 
Portugal *.................- ,20 2,896 r 8, 845 „308 80 
Sil ose * 12,507 18,181 e 17,637 * 17,637 * 17,637 
Sweden 955 1,842 3,617 2,205 8,807 
USS Io Lu ( 862 , 789 868 , 762 885,808 896,832 896,832 
nr United Kingdom 15,363 16,888 r 16,460 * 16,424 
rica: 
Algeria. 22,168 18,092 er 17,637 20,128 19,842 
Kenya__... . . 8 8,868 2,445 1,958 2,079 , 26 
Rhodesia, Southern in 847 e 529 e 529 NA NA 
South Africa, Republic of 546 1,076 240 645 688 
Asia: Korea, South. ............- r 620 638 r 308 2,467 2,441 
Oceania: 
Australia 9,780 7,198 r 8,006 9,818 2,205 
New Zealand 1,881 1,937 5,219 1,577 N 
OUR) 8: ooo ( r 1,599,561 *1,641,188 11,678,475 1,710,818 1,521,587 
e Estimate. P Preliminary. r Revised. NA Not available. 


! Diatomaceous earth is produced in Brazil, Bulgaria, Hungary, Japan, Mozambique, Rumania, United 
Arab Republic, and Yugoslavia but outputs are insignificant or not available. 
? Average annual production from the appropriate 3-year totals, 1968-65 and 1966-68. 


3 Moler earth use 
4 Includes tripoli. 
5 Includes calcined. 
s Totals are of listed figures only. 


as a raw material in making refractory bricks plus exports in bulk form. 
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Feldspar, Nepheline Syenite, 


and Aplite 


By J. Robert Wells! 


FELDSPAR 


The quantity of feldspar sold or used by 
producers in the United States in 1968 was 
the largest in the history of the industry, 
exceeding by a substantial margin all pre- 
vious figures for both tonnage and total 
value. Utilization of feldspar for ceramics 
and miscellaneous lesser applications re- 
mained active throughout the year, but the 
glass industry continued to account for the 
major share of the demand for feldspar 
and related materials. Domestic production 
of flat glass for automobiles and buildings 
was 10 to 15 percent beyond the 1967 
mark, and commercial production of glass- 
fiber reinforced automobile tires provided 
a minor but assuredly multiplying incre- 
ment to the requirement for glass-grade 
feldspar. 

Glass formulations containing substantial 
proportions of feldspar (sometimes aplite) 
are especially favorable for machine manu- 
facture of glass containers, and production 
of nonreturnable beverage bottles continued 
at a fast pace. It is indicative that 35 
percent more feldspar entered into glass- 
making in 1968 than in 1960, while the 
output of throwaway soft-drink bottles rose 
from less than 2 million gross in 1960 to 
an estimated 37 million gross in 1968. 
With an equal or greater number of non- 
returnable beer bottles also being produced 
in 1968, there was growing concern over 
the litter problem of the jettisoned con- 
tainers that led to serious discussion of some 
type of regulatory legislation. 


Price increases reported for feldspathic 
materials in 1968 appeared to be more a 
reflection of current inflationary tendencies 
than of any tightness of supply. 


DOMESTIC PRODUCTION 


Crude Feldspar.—North Carolina, Cali- 
fornia, Connecticut, and Georgia, in that 
order, jointly contributed more than 83 
percent of the whole domestic supply of 
crude feldspar in 1968. Nine other States, 
including for the first time New Mexico, 
also produced crude feldspar. Among the 
more than 50 domestic firms that mined 
crude feldspar in 1968, the combined out- 
put of the four leaders amounted to 74 
percent of the National total, and that of 
the four next in order to about 17 per- 
cent. One company in Connecticut, for- 
merly a substantial supplier, ceased opera- 
tions at the start of the year. Over 64 
percent of the U.S. production in 1968 
was classified as flotation concentrate, up 
from 61 percent in 1967, while the pro- 
portion of hand-cobbed material shrank 
from 16 percent to 12 percent, the third 
consecutive annual decrease. 

Ground Feldspar.—In 1968 there were 
17 mills engaged in grinding feldspar in 
nine States, among which North Carolina, 
California, and Connecticut led in ton- 
nage—North Carolina, Connecticut, and 
Georgia in total value of product. 


1 Physical scientist, Division of Mineral Studies. 
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Table 1.—Salient feldspar statistics 


1964 1965 1966 1967 1968 
United States: 
Crude: 
Sold or used by producers 
long tons.. 587,194 624,598 655,452 615,397 667,679 
Value- -.---.------ thousands.. $5,389 $6,263 $7,020 $7,086 $8,265 
Average value per long ton... $9.18 $10.03 $10.71 $11.51 $12.38 
Imports for consumption. Jong tons 10 11 2800 8 
CV thousands 31 $2. cose 3 
Average value per long ton... $84.00 $95.00 944 $28.04 ......... 


Consumption, apparent ! 
long tons... 587,204 624,614 655,452 615,677 667,679 
Ground: 


Sold by merchant mills. short tons.. 646,974 664,138 708 , 587 663,220 780 , 787 

Value thousands.. 87, 644 $7,757 $8,944 $8,848 $9,242 

Average value per short ton.. $11.82 $11.68 $12.71 $13.33 $12.65 
Imports for consumption 


long tons 8,170 8,439 8,248 2,783 3,877 

Value............- thousands $85 $92 $86 $72 $91 

Average value per long ton... $26.95 $26.87 $26.52 $26.00 $26.86 

World: Production thousand long tons 1,862 1,974 2,116 1,974 NA 


1 Measured by quantity sold or used by producers plus imports. 
Table 2.—Crude feldspar sold or used by producers in the United States 


Derivation of feldspar ! 


Hand-cobbed Flotation Feldspar-silica Total 
concentrate mixtures ? 
Year ——  —V:-W —äd :ͥ— T h —— n ——jũä %  — 

Long Value Long Value Long Value Long Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
1964. 88,046 $804 380,787 $8,867 118,861 $1,218 587,194 35,389 

1965... 8 126,811 1,072 869,585 3,974 128,202 1,217 624,598 6,26 
1966...........- 116,986 997 407, 450 4,803 131,066 1,220 655,452 7,020 
196777 r 97,409 r 848 r 385,005 4,900 * 182,983 1, 338 615,397 7,086 
1968... oru 78,401 670 427,770 5, 845 161, 508 1,750 667,679 8, 265 

r Revised. 


1 Partly estimated. 
2 Feldspar content. 


Table 3.—Ground feldspar sold by 
merchant mills * in the United States 


Domestic feldspar 
Mills 
Short Value 
tons (thousands) 
1964: 2 u L... 20 646 ,974 $7,644 
1988 8 20 664, 138 7,757 
0 cee Soe ca 19 708 , 587 8,944 
1961... 222-8 19 663,220 8,848 
1968..............- 17 730, 787 9,242 


1 Excludes potters and others who grind for con- 
sumption in their own plants. 
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Table 4.—Ground feldspar sold by merchant mills in the United States, 
by derivation* and uses 


(Short tons) 


- Glass Pottery Enamel Other Total Glass Pottery Enamel Other Total 
ear 
Hand-cobbed Flotation concentrate 
1964. W 51, 703 W 45,952 97,655 255,907 W W 168,548 419,455 
Loeb W 32,585 W 375,055 107,590 256,000 WwW W 162,014 418,014 
19666 W 54,678 W 61,090 115,768 281,595 WwW W 203,819 485,414 
1967 .......- W 38,539 W 61,473 100,012 282,861 W ....-- 178.754 461,615 
1968. .......- W 67,752 W 61,951 129,708 284,487 W .....- 180,960 465,447 
Feldspar-silica mixtures 2 Grand total š 

1964. w Wo fob 129,864 129,864 349,715 189,853 21,925 85,481 646,974 
1965. .......- w W .....- 138,534 138,534 368,120 174,537 42,268 79,213 664,138 
1966 W „ 102,405 102,405 378,464 207,209 36,151 81,763 708,587 
19677 7 W W .....- 101,593 101,593 379,660 208,626 15,304 59,630 663,220 
19688 W W .....- 185,587 185,587 396,758 240,251 20,759 72,969 730,737 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


1 Partly estimated. 
2 Feldspar content. 


s “Other” includes soaps, abrasives, and other ceramic and miscellaneous uses. 


CONSUMPTION AND USES 


Crude Feldspar.—In 1968, as usual, 
nearly all the commercial feldspar was 
processed to some degree before being sold 
or used in industry, although a small 
number of users continued their accus- 
tomed practice of purchasing minor quanti- 
ties of the crude mineral for preparation in 
their own mills and according to their own 
established standards. 


Ground Feldspar.—The total quantity 
of ground feldspar sold in 1968 by U.S. 
merchant mills was distributed among the 
principal consuming outlets in the following 
proportions: 54 percent glass, 33 percent 
pottery, and 3 percent enamel, not signifi- 
cantly different from the respectively com- 
parable figures of 57 percent, 31 percent, 
and 2 percent for 1967. 


Table 5.—Ground feldspar shipped from merchant mills in the United States 


(Short tons) 


Destination 1964 1965 1966 1967 1968 
California ss 2355-4 ðO 120,804 111,174 109,126 100,235 W 
II, E EE 73,967 66,160 63,088 59,887 64,628 
KEE EE 20 ,998 W W W 25,897 
Kentucky c seco se ct ale 8 3,775 7,052 15,433 10,180 
Massachusett «ss 4,407 4,787 3, 980 3, 539 3, 896 
Mississippi n a s m y0vv . x 8 7,845 8, 685 
ew Jersecc˖ 9 58,089 57,096 71,057 W 
New York. h 22,117 26,037 20,311 
G ee es t E. 80,119 87,873 70,294 72,701 87,202 
Pennsylvania 37,805 30,281 30, 628 26,188 27,888 
Tennesse eee eee eee eee 83,851 86,002 32,998 26, 898 
d TEE CN W 26,183 23,269 24,449 
West Virginia 26,638 W W W 84,720 
Other destinations !-....----------------- 202,030 243, 104 286,227 321, 175 396,538 
eil — 8 646,974 664,138 708 , 587 663,220 730,737 


W Withheld to avoid disclosing individual company confidential data; included with “Other destinations." 
1 Includes Arkansas (1964-65, 1967-68); Colorado (1964-65, 1967-68); Connecticut (1964-65); Georgia 
(1964-65); Idaho (1965); Kansas (1966); Louisiana (1967-68); Maryland (1968); Michigan (1967-68); 
Minnesota (1967-68); Missouri (1967-68); Oklahoma (1964, 1967-68); Rhode Island (1964, 1967-68); Tennes- 
see (1964); South Carolina (1964-65); Vermont (1964-65); Virginia (1966); Washington (1964, 1967-68); 


Wisconsin (1967-68); shipments that cannot be separated by States; and 


items indicated by symbol W. Also 


includes exports to Africa (1965, 1967); Canada (1967-68); Mexico (1964, 1966-68); Panama (1964, 1966-67); 
Philippines (1964, 1966-68); Venezuela (1968); and small quantities to other countries. 
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PRICES 


Average per-ton values reported to the 
Bureau of Mines for crude feldspar in 
1968 were substantially higher than in 
1967, the fourth successive annual increase. 
Feldspar prices, per ton, listed in the 
Materials Cost Index of the January 1969 
issue of Ceramic Industry Magazine were 
as follows: Glass grade, $10 to $20; 140 
mesh, $18.50 to $22.50; and 200 mesh, 
$18.50 to $23.50. The prices for the first 
category were somewhat higher than the 
corresponding figures that appeared in 
January 1968, but quotations for the other 
two classifications were unchanged. Prices 
published in the Markets section of Engi- 
neering and Mining Journal for December 
1968 were in an essentially similar range. 


FOREIGN TRADE 


In 1968, U.S. imports of ground feldspar 
for consumption were close in both volume 
and value to the average established in the 
current decade, but there were no imports 
of crude feldspar or of crude or ground 
Cornwall stone. According to data released 
by the Department of Commerce, 1968 
exports in the composite classification of 
feldspar, leucite, nepheline, and nepheline 
syenite totaled to about 13,000 long tons, 
more than double the quantity in the pre- 
ceding year and nearly 80 percent greater 
in total value. 


WORLD REVIEW 


Finland.—Lojo Kalkverk, the first com- 
mercial producer of flotation feldspar in 
Europe, furnished 12,000 tons of that prod- 
uct for export in 1966 and 35,000 tons in 
1967, with the comparable final figure for 
1968 expected to reach 50,000 tons. It was 
announced that the firm's Kimito flotation 
plant will be expanded to bring its produc- 
tion capacity to 100,000 tons of a 
concentrate per year. 


Italy.—A new plant, completed near 
Giustino in 1967 by C. Maffei and Co. 
and placed in service in 1968, provides 
preliminary treatment—washing, crushing, 
and classifying—for the feldspar input 
material to the firm's six grinding mills in 
the Trento-Darzo area. Complete analytical 
laboratory facilities, including X-ray spec- 
trometers and flame photometers, have been 
installed for close quality control to enable 


MINERALS YEARBOOK, 1968 


Table 6.—U.S. imports for consumption 


of feldspar * 
Crude Ground 
Year 

Long Value Lon Value 

tons (thousands) tons (thousands) 
19608... pesos "emensus 8,248 $86 
1967 280 $8 2,788 72 
1908... Giese 8 8,877 91 


1 All from Canada, except 280 long tons ($7,850) 
from Mexico and 22 long tons ($767) from Sweden in 
18855 and 121 long tons (34, 770) from Sweden in 


the final product, currently amounting to 
over 150,000 tons per year, to compete 
with flotation concentrate feldspar from 
sources in other European countries. 


Norway. The flotation process in use at 
the new plant of the Bjorum-Sibelco- 
Quarzwerke & Co. at Lillesand, where pro- 
duction was started in May 1968, yields 
three commercially valuable products— 
potash feldspar, soda feldspar, and glass- 
quality quartz—írom pegmatitic granite 
feed. Current annual capacity of the facility 
is about 50,000 tons of feldspar, mostly for 
export to a number of destinations in 
Western Europe. 


United Kingdom.—A British company 
started construction at Talke, Stoke-on- 
Trent, of a new plant scheduled for initial 
operation early in 1969 for the dry process- 
ing of high-grade hand-selected potash feld- 
spar from mines at Lagares, Portugal. 
Demand for specialized ceramic applica- 
tions is expected to keep the comparatively 
high-cost product competitive with other 
feldspathic materials produced less ex- 
pensively elsewhere. 


TECHNOLOGY 


The practical literature on current feld- 
spar beneficiation technology was aug- 
mented by a detailed description of the 
equipment and operation of a processing 
plant that, in addition to recovering sub- 
stantial quantities of byproduct mica and 
silica sand, provides 200 tons per day of 
high-grade feldspar for glassmaking." 


? Morgan, E. R. The Feldspar Corporation’s 
Middletown, Connecticut, Flotation Plant. Deco 
Trefoil (Denver Equipment Co.), v. 32, No. 2, 


Summer 1968, pp. 916. 


FELDSPAR, 


NEPHELINE SYENITE, AND APLITE 
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Table 7.—World production of feldspar, by countries 


(Long tons) 


Country ! 1964 1965 1966 1967 1968 p 
North America: 
n (shipments) )) 8,169 9,736 9,754 9,280 9,560 
Wat ect d A ute 31,400 46,900 81,400 62,600 NA 
United States (sold or used) 587, „194 624, 598 655,452 615,397 667 ,679 
South America: 
genting. . a. 9,127 r 21,298 r 21,071 p 18,900 NA 
ele 814 517 1,174 857 920 
Colombia 11,426 10,629 18,779 18,188 21,407 
a EEN 837 926 470 2,461 NA 
Uruguay.....-.....-.....-- 883 1,227 1,722 1,242 91 
Europe: 
ustTia 262324532 . 1,603 1,397 1,507 2,441 2,140 
Einland.-.- ero 14,665 11,684 25,901 34,472 e 50,000 
France 193,260 217,648 218,653 177,157 NA 
Germany, West 299,989 313,280 285,796 261,464 
11888 109,851 r 95,467 r 144,892 145,183 » 155, 000 
Norway 2. 70,022 62, 985 86,748 e 85,000 NA 
Poland 26,000 26,000 28, 000 28,000 28,000 
Portugal..........-.......- 10,994 8,165 r 23,168 29,842 e 30,000 
I!! 16, 466 25,166 49,819 e 50,000 NA 
Sweden 50, 959 46,205 r 36, 600 84,939 e 35,000 
USS Re ⁵ð Ll mech 215, 000 225, 000 285,000 235,000 285,000 
Yugoslavia... .............- 33, 260 55,051 40,913 86,412 e 35,000 
Africa: 
Angoa:s ööĩÜ·ͤ˙ĩ14i : Dees NA 
Ethiopia- .------------------ e 10,000 NA 1:926. aod 8 7 
ERAN Qs amp s 1 896 527 
Mozambique H -..-------- . 118 98 
South Africa, Republic of 35,525 41,636 383,995 24,498 19,574 
South-West Africa 1,893 2,281 1,178 e 1,200 NA 
United Arab Republic........ 4,653 e 4,000 3,444 NA 1,691 
ia: 
Gelen r 49 605 412 252 577 
Hong Kong 1,556 1,119 1,343 1,185 1,582 
i au us 23,997 26,384 25,598 27,098 32, 964 
/ l n. nnnm 61,445 57,244 50, 845 49, 906 65,101 
Korea, Sou tn 13, 468 15, 595 15,052 16,551 20,661 
hilippines. ...........--..- 7,924 12,095 8,479 N NA 
Oceania: Australia.. 9,012 8,724 7,260 4,450 e 4, 400 
PL OUR ee or S s r 1,861,934 1,973,611 72,116,107 71,974,384 NA 
e Estimate. P Preliminary. r Revis NA Not available. 


ed. 
! Feldspar is produced in Brazil, Czechoslovakia, and Rumania, but data are not available. 


? Includes pegmatite. 


Not including nepheline syenite (1964, 30,329; 1965, 40,369; 1966, 56, 401; 1967, 65,900). 
! In addition, the following quantities of aplite and other feldspathic rock were produced: 1964, 258,500 
tons; 1965, 281,800 tons; 1966, 296,000 tons; 1967, 319,000 tons; 1968, 333,300 tons. 


š Total is of listed figures only. 


The greater part of the 1968 feldspar- 
related domestic and foreign patents that 
were reviewed described minor modifications 
of apparatus or procedures for the purpose 
of achieving improved flotation beneficia- 
tion of the mineral. Patents were issued in 
the United States and in Canada for an 
electrostatic separation process applicable 
to feldspar ores. 

Many feldspar ores at pithead consist of 
more or less intimate mixtures of at least 
two of the commoner feldspar varieties, and 
while for the most part such mixtures are 
acceptable to industry without need of a 
prior separation, certain specialized pur- 
poses are best served by the essentially 


unmixed orthoclase or microcline feldspars 
formerly in adequate supply as hand- 
selected material from coarse-crystal peg- 
matites. The Bureau of Mines, anticipating 
the eventual depletion of many of the 
pegmatitic sources, has undertaken a study 
aimed at evolving technically and economi- 
cally advantageous methods for obtaining 
the desired grades of high-potash feldspars 
by physical separation of the components 
of the very abundant naturally occurring 
mineral mixtures. Results from this research 
have been favorable thus far for some feed 
materials and hold promise for the eventual 
general success of the project. 
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NEPHELINE SYENITE 


Nepheline syenite is a feldspathic mate- 
rial, low in quartz and consisting essentially 
of the alkali aluminum-silicate minerals, 
nepheline and feldspar, that is used in the 
production of glass and ceramics. In 1968 
the U.S. demand for this mineral in the 
grades required for such applications was 
met entirely by imports, all from Canada, 
and which were 6 percent greater in quan- 
tity and 15 percent more in total value 
than during 1967, the record year hitherto. 
In 1967, the last year for which final 
figures have been released, the Canadian 
output of this material amounted to about 
402,000 short tons, valued at over $4.7 
million, of which approximately 72 per- 
cent by tonnage and 65 percent by value 
was exported to the United States. The 
October 1967 issue of Canadian Chemical 
Processing quoted nepheline syenite prices, 
for bagged material in carload lots, f.o.b. 
works, of $12 to $29 per short ton, slightly 


higher than in the preceding year. Early 
in 1968, the quoted price for Canadian 
glass-grade material in bulk, carload or 
truckload lots, f.o.b. plant, was increased 
from $10 per short ton to $11 per short 
ton. Ceramic Industry Magazine, January 
1969 quoted 1968 U.S. prices of $19.50 
per ton, high, and $8 per ton, low, pre- 
sumably for the imported Canadian 
mineral. 


Table 8.—U.S. imports for consumption 
of nepheline syenite 


Crude Ground 
Year —- 
Long Value Long Value 
tons thou- tons thou- 
sands sands 
1966.... 205 $3 253,280 $2,871 
1967 eec 8 256,887 3, 104 
Loes 15 (1) 271,966 8,558 


1 Less than Le unit. 


APLITE 


Aplite, a rock containing a high propor- 
tion of plagioclase feldspar, is employed 
chiefly as an ingredient in glass batch 
formulations. Because of its comparatively 
high iron content, aplite formerly was con- 
sidered suitable for making only amber 
glass, but advancing technology has led 
increasingly to its widened acceptability 
and to its application in the manufacture 
of clear glass, as well, particularly for con- 
tainers. Domestic production of aplite de- 
creased in 1968 for the second successive 
year in regard to both tonnage and total 
value. Specific output figures are individual 


company confidential data, and cannot be 
published. Glass-grade aplite was mined 
in 1968 by International Minerals & 
Chemical Corp. and by M & T Chemical 
Inc., from operations respectively in Nelson 
and Hanover Counties, Virginia. Aplite 
prices published in Ceramic Industry Maga- 
zine, January 1969, were $7.80 per ton, 
high, and $5 per ton, low—not greatly 
changed from the corresponding quotations 
of January 1968, although producers re- 
ported substantially higher unit values for 
their mineral. 
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Ferroalloys 


By John W. Thatcher ! 


Ferroalloys consumption increased in 
1968, reflecting an upswing in the produc- 
tion of raw steel and ferrous castings; how- 
ever, ferroalloys production and shipments 
lagged behind those for 1967. The imbal- 
ance in U.S. ferroalloys foreign trade eased 
somewhat as imports for consumption de- 
creased and exports reached a near record 
level. Technologic efforts were directed 
toward increased production efficiency 
through better furnace control and in- 
creased beneficiation of raw materials. New 


ferroalloys were marketed which improve 
traditional steelmaking operations and 
which meet the requirements created by 
new steelmaking processes. 

More detailed information concerning 
the more important ferroalloys covered in 
this chapter may be found in the com- 
modity chapters for individual alloying 
elements. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Government inventory of ferroalloys (stockpile grade), December 31, 1968 


(Thousand short tons) 


National 


Alloy 


stockpile 


Ferrochromium: 


High-carbon------------------------------ 
LOW-CBPDOlo ß. 


Ferrocolumbium (contained columbium)............- 


Ferromanganese: 


High-earbon. uz ß Enden aL 
Med ium- carboůonnwm“”—Tæm —öꝓæ LLL 2 Lll Lll .- 


Ferromolybdenum (contained molybdenum) 
Ferrotungsten (contained tungsten) 


CCC and 
(strategic) supple- Total 
stockpile mental 

PERCHE 126 276 402 
CC 127 191 318 
VVT 26 33 59 
wende cue cies (2) Se (1) 
JS AU ZZ us 143 1,033 1,176 
FFC 30 cDNA 80 
ee 4 ee 4 
SE 1 3 1 
NT 1 CESES 1 


Ferrovanadium (contained vanadium) 


1 Less than Le unit. 
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DOMESTIC PRODUCTION 


In 1968, 31 producers reported produc- 
tion of 2.6 million tons of ferroalloys, a 
5-percent decrease compared with that for 
1967. Among the major steelmaking ferro- 
alloys, production trends were inconsistent; 
production of ferromanganese and ferro- 
chromium decreased 6 and 13 percent, 
respectively, while ferrosilicon production 
decreased slightly from the 1967 level and 
production of silicomanganese rose 14 per- 
cent. Shipments of ferromanganese and 
silicomanganese, both historically depend- 
ent on steel production, also went in oppo- 
site directions; ferromanganese shipments 
decreased 4 percent and silicomanganese 
shipments increased 8 percent. Shipments 
of chromium alloys decreased 8 percent, 
reflecting a drop in the production oí 
stainless steel, while shipments of ferro- 
silicon showed a slight increase. Total ship- 
ments of ferroalloys dropped 3 percent 
from those of 1967. 

Of the 18 States which produced ferro- 
alloys, Ohio, Pennsylvania, and West Vir- 
ginia accounted for more than half of the 
total domestic production. Production was 
also reported from Alabama, Florida, Idaho, 
Iowa, Kentucky, Montana, New Jersey, 
New York, Oregon, South Carolina, Ten- 
nessee, Texas, Virginia, and Washington. 

Most of the ferroalloys were produced in 
electric furnaces, although the blast fur- 
nace was used to produce large tonnages of 
low-grade ferromanganese and ferrosilicon. 
The high-melting-point ferroalloys, which 
are essential for making specialty steels, 
were produced mainly by aluminothermic 
methods. 

Foote Mineral Co. announced a new 
organizational structure resulting from its 
merger with Vanadium Corporation of 
America (VCA) in 1967. Effective Febru- 
ary 8, Foote Mineral Co. began operating 
as three divisions, each functioning as a 


separate profit center. These were identified 
as the Chemicals and Minerals Division, 
Metallurgical Products Division, and the 
Kemco Division. The Metallurgical Prod- 
ucts Division, a combination of the Van- 
coram operations (formerly Vanadium 
Corporation of America) and the electro- 
lytic manganese operations, produces and 
markets chromium, silicon, and vanadium 
ferroalloys; electrolytic manganese; and 
various proprietary alloys. The Kemco 
Division, at one time the Keokuk Electro- 
Metals Co. (a division of VCA prior to the 
merger) produces silicon metal and ferro- 
silicon. The new 54,700-kilovolt-ampere 
ferrosilicon furnace which was completed 
late in 1967 at the Graham, W. Va., plant, 
reached full design capacity after unantici- 
pated engineering and technological diffi- 
culties were resolved during the first half of 
the year. 

In April, Air Reduction Co, Inc., 
(Airco) acquired a 75-percent interest in 
Wargons a.-b., an important Swedish pro- 
ducer of chromium, manganese, and sili- 
con ferroalloys, and of paper products. 
Improvement programs at Airco's domestic 
plants in 1968 included major additions 
to furnace facilities underway at Calvert 
City, Ky., and Niagara Falls, N.Y., which 
when completed will increase ferroalloys 
production capacity about 30 percent at 
each location. A new  25,000-kilovolt- 
ampere furnace was under construction at 
the Charleston, S.C., plant, and will be in 
operation near the end of 1969. 

In the second half of the year, the Min- 
ing and Metals Division of Union Carbide 
Corp. completed installation at Marietta, 
Ohio, of a 30,000-kilovolt-ampere furnace 
for the production of silicomanganese al- 
loys. Additionally, a chromium alloy fur- 
nace of comparable size is scheduled for 
operation at Marietta early in 1969. 
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Table 3.—Producers of ferroalloys in the United States in 1968 


Producer Plant location Product ! Type of furnace 
ico Chemical Co Pierce, Fla. kT! 8 Electric. 
at Reduction Co., Inc., Calvert City, Ky......... | Fer, FeMn, FeSi, SiMn, 
Airco Alloys & Carbide Charleston, S.C. ......... silvery iron. Do. 
Div. Niagara Falls, N.Y....... 
Bethlehem Steel Co. Bethlehem, fa Fenn Blast. 
Calumet & Hecla Corp...... Selma, Als ` --.....---- E eene IN Electric 
Chromium Mining & Woodstock, Tenn......... FeMn, SiMn, FeSi, Do 
Smelting Co. FeCr 
Climax Molybdenum Co.  Langeloth, Pa............ FeMo._..... A mus Aluminothermic. 
FMC Cor Pocatello, Idaho HEEN Electric. 
Cambridge, Ohio. ........ icis FeCb, Feri, FeV, 
Graham, W. Va. r, FeMn, FeSi, 
Foote Mineral Co Keokuk, Iowa SiMn, silvery iron, Do. 
Vancoram, Ohio other.? 
Wenatchee, Wash. gz 
Hanna Furnace Cord Buffalo, N. X Silvery iron Blast. 
Hanna Nickel Smelting Co. Riddle, Oreg FN! recae Electric. 
Hooker Chemical Corp...... Columbia, Tenn.......... BED. o e te eel LE o. 
Interlake Steel Corp........ Beverly, Ohio Betz FeSi, SiMn Do. 
Jackson Iron A Steel Co Jackson, Ohio Silvery i WON ses 8 Blast. 
Kawecki Chemical Co....... Easton, fͥa a. LC uva ccm cus Aluminothermic. 
E. J. Lavino & Ccoo Sheridan, Pa............. FEM... Blast. 
Manganese Chemical Co- p. Kingwood, W. Va zc 00.2225. ce a Electric. 
harleston, S. CCC. 
Mobil Chemical Co. ........ | Nichol Pleasant, Tenn ;FeP.................... Do. 
Nichols, Fla. ` 
Molybdenum Corp. of Washington, fk o ( Electric and 
America. . aluminothermic. 
Monsanto Chemical Co Columbia, Tenn.......... !! E Electric. 
Soda Springs, Idaho 
National Lead Co Niagara Falls, N. Tv Jio da FeTi, other Do. 
New Jersey Zinne Palmerton, Pa. .......... Spln.................... Do. 
(Brilliant, Ohio. .......... FeCr, FeSi, FeB, Fe Mn... Do. 
Ohio Ferro-Alloys Corp Philo, Ohio SIMI. ee, eee Blast. 
Powhatan, Ohio Ill run iaa Electric. 
Tacoma, Wash........... IM... 52s ee we es Do. 
Reading Allo ys Robesonia, Pa........... FeB, FeCb, FeV, NiCb, Aluminothermic. 


Shieldalloy Cord 


Newfield, N. J. 


FeMo. 
FeV, FeTi, FeB, FeMo, Do. 
b, FeCbTa, other. ? 


Mount Pleasant, Tenn.... 
Stauffer Chemical Coo Silver Bow, Mont 

A on Springs, Fla.. 
Tennessee Alloys Corp geport, Ala 
Tennessee Valley Authority Muscle Shoals, Ala 


Tenn-Tex Alloy Corp of 
Houston. 


Union Carbide Cord 


Woodward Iron Co......... 


Houston, Tex 
Alloy, W. Va.......- 


Ashtabula, Ohio 
Marietta, Ohio 
Niagara Falls, N.Y... 
| Portland, Oreg. ...... 

Rockwood, Tenn..... 

Sheffield, Ais 

Birmingham, Ala 

United States Steel Corp. ... S i PM 
uquesne, Pa. ....... 

Woodward, Ala 


mU ) EE Electric. 
1 upa ee ese Do. 
„„ Reb ll ³ÜW¹wm eee see Do. 
-... FeMn, Sinn Do 
-... FeB, Fer, FeCb, FeSi.... Electric and 
aluminothermic. 

-... FeMn, FeTi, FeW, FeV... 

"Om P ES Genf y 

M cues 1Mn, other e 

-... SiMn, other Electric. 
-... SiMn, other 

SiMn, other 

. Fe Mn Blast. 
3330 ĩðVNv sets Electric. 


1 FeMn, ferromanganese; Spln, spiegeleisen; SiMn, silicomanganese; FeSi, ferrosilicon; Feb, ferrophosphorus; 
FeCr, ferrochromium; FeMo, ferromolybdenum; FeNi, ferronickel; FeTi, ferrotitanium; FeW, ferrotungsten ; 


FeV, ferrovanadium; FeB, ferroboron; 


FeCbTa, ferrocolumbium-tantalum; FeCb, ferrocolumbium; NiCb, 


nickel columbium; Si, silicon metal; FeCbTi, ferrocarbontitanium. 
2 Includes Alsifer, Simanal, zirconium alloys, ferrosilicon boron, aluminum silicon alloys, and miscellaneous 


ferroalloys. 


CONSUMPTION 


Consumption of ferroalloys both as a 
process additive and as an alloying ingre- 
dient increased 3 percent in 1968, reflecting 
a 4-percent increase in steel production and 
a 6-percent increase in the production of 
ferrous castings. A comparison of the total 
ferroalloys consumption for 1968 with that 
for 1967 is only approximate because of a 
deviation in 1967 from the standard method 
for reporting ferrochromium consumption. 


In 1967, the ferrochromium consumed was 
reported in gross weight as an additive 
(Table 4) rather than in contained weight 
as an alloying element (Table 5), owing to 
the lack of reporting of chromium content 
data by respondents. Assuming that the 
elemental content of the ferrochromium 
consumed in 1967 was the same as that 
reported for chromium alloys shipped (60.7 
percent), ferrochromium consumption in 
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1967 expressed as contained element was 
then 223,175 tons and the consumption of 
ferroalloys as additives and as alloying 
elements in 1967 was then 1,963,527 tons 
and 235,754 tons, respectively. 
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Approximately 70 percent of the total 
ferroalloy demand was consumed by the 
steel industry, and 15 percent by foundries. 
The remainder was consumed in a wide 
range of uses including that unspecified by 
respondents. 


Table 4.—Consumption by end use of ferroalloys as additives in the United States in 1968 


(Short tons) 
Other High- 
Alloy Stainless alloy Carbon Tool Cast temper- Other Total 
steels steels ! steels steels ? irons ature uses 3 

alloys 
Ferromanganese 4. _ _ _ _ 10,517 138,690 801,388 3,574 28,040 621 98,485 1,076,265 
Silicomanganese. ...... 10,221 380,606 107,890 639 2,388 (5) 12,8 164,632 
Silicon alloys *........ 23,106 83,127 172,858 3,016 382,652 662 93,972 758,893 
Ferrotitanium......... 36 700 1,657 6 5 173 186 8,087 
F a 13 1,924 10,1 (3) 678 356 13, 125 
Ferroboroͤn ` (7 6 (5 | —— | 7 (*) 185 259 
Total... 44,222 250,114 1,098,397 7,285 418,765 1,456 206,072 2,016,261 


1 Includes steel mill ro 


3 Includes high Steg Gei ei work tool, and other tool steels. 


3 Includes unspecifi 


4 Includes spiegeleisen, ma manganese metal, and briquets. 


5 Included with “Other uses.” 


6 Includes silicon metal and silvery i iron. See Silicon chapter for more detail. 


? Included with "Other alloy steels.“ 


Table 5.—Consumption by end uses of ferroalloys as alloying elements 
in the United States in 1968 


(Short tons of contained elements) 


Other High- 
Alloy Stainless alloy Carbon Tool Cast temper- Other Total 
steels steels! steels steels? irons ature uses 

| alloys 
Ferrochromiumnm ......-------- 154,618 43,912 6,156 3,820 3,990 8,499 8,586 229, 581 
Ferromolybdenum 5... 913 14 532 1,364 299 794 4,863 
Ferrotungsten..............-... 70 190 — 478— 72 56 776 
Ferrovanad ium 45 2,608 1,092 561 29 36 875 5,241 
Ferrocolumbium...............- 221 664 272 2 ee 337 27 1,528 
Ferrotantalum-columbium. ...... 14 E. Liu ni. AAA aoe 9 24 
Otel ost fee Se: nC 155,881 48,154 7,667 5,393 5,883 9,248 10,287 242,008 


1 Includes steel mill rolls 


3 Includes high speed, hot work tool, and other tool steels. 


3 Includes unspecified uses. 


4 Includes other chromium ferroalloys and chromium metal. 
* Includes calcium molybdate and molybdenum silicide. 


6 Includes other vanadium-carbon-iron ferroalloys. 


STOCKS 


Stocks of most ferroalloys were good at 
the beginning of the year as producers had 
built up large inventories late in 1967 in 
anticipation of heavy demand during the 
first half of 1968. Lead times for delivery 
were generally short, although some tight- 
ness was reported in supply of ferro- 
chromium and ferronickel. When the de- 


mand for ferroalloys lessened, after the steel 
contract settlement on August 1, producers 
and consumers allowed their inventories to 
be worked down. 

In addition to producer and consumer 
stocks, large inventories of ferroalloys were 
stored in various Government stockpile 
programs. ` 
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Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States, December 31, 1968 


(Short tons) 
Producer Consumer 

Alloy 1967, 1968, 1967, 1968, 

gross gross gross oss 
weight weight weight weight 
Manganese ferroalloys l 215, 427 59,254 r 176,807 141,673 
Silicon ano. asa T Ta. S Sa 145,175 82,718 r 65,807 67,352 
Ferrochromiumnm zzz 123,754 58,869 r 37,155 29, 176 
Fell uu hn oo ce EE 1,303 1,084 664 712 
Ferrophosphorua sss 61,365 91,320 8,707 2,270 
Ferroboron...... ... eS eee ho Eege 201 167 5 70 
J susu Duta ns iyo 547,225 493,412 *289,191 241,252 

1967, 1968, 1967, 1968, 

contained contained contained contained 
element element element element 
Ferromolybdenum „„ W W r 1,144 1,049 
Ferrotungsten.___. . oe nes ooh oct cess 8 W W r 186 172 
Ferrovangadium. mmm r 673 2,591 r 1,132 942 
Ferrocolumbiuůunnn * r 475 597 341 281 
Ferrotantalum-columbium_..... .. .. . . . . . .  . .. . .. .....-.- Wo utc iso 11 8 
TOU Sa wee d Dd r 1,922 3,188 r2,814 2,452 
r Revised. 


W Withheld to avoid disclosing individual company confidential data. 
! Includes ferromanganese, silicomanganese, spiegeleisen, manganese metal and briquets. 
2 Includes ferrosilicon, silvery iron and miscellaneous silicon alloys. Consumers stocks also include silicon 


metal. 


3 Includes other chromium ferroalloys and chromium metal. 
4 Includes calcium molybdate and molybdenum silicide. 


PRICES 


The quoted price of domestically pro- 
duced standard high-carbon ferromanganese 
remained unchanged in 1968 at $164.50 
per long ton, f.o.b. furnaces, for lump bulk 
material in carload lots. Prices for imported 
material were variously quoted from $142 
to $147 per long ton, delivered in Pitts- 
burgh or Chicago. The average value at 
furnaces for all grades of ferromanganese 
shipped by domestic producers increased 
from $147.41 per short ton in 1967 to 
$150.30 per short ton in 1968. 

The prices of chromium alloys were 
unchanged throughout most of the year; 
however, late in December prices of high- 
carbon ferrochromium, charge chrome, and 
blocking chrome were increased 0.4 cent 
per pound of contained chromium. Imported 
high-carbon ferrochromium was quoted 
about 3 cents lower per pound of contained 
chromium than domestic material, and im- 
ported charge chromium was quoted about 
cent per pound lower than domestic. 

The price of the 50-percent grade of 
ferrosilicon, which had remained at 13.1 
cents per pound of contained silicon since 


the second quarter of 1966, was raised, 
effective April 1, to 13.5 cents f.o.b. ship- 
ping point, freight equalized to nearest 
main producer, carload lots, lump, bulk. 
Announcements of a further increase in the 
price of this grade to 13.8 cents per pound 
of contained silicon, same basis, effective 
January 2, 1969, were made by two major 
producers at yearend. Price increases, effec- 
tive January 2, 1969, were also announced 
for ferroaluminum-silicon, silicon briquets, 
silicon-manganese-zirconium alloys, cal- 
cium-silicon, and zirconium-silicon. 

All grades of ferrovanadium were quoted 
throughout the year at $2.90 per pound of 
contained vanadium, f.o.b. shipping point 
with freight equalized to nearest main 
producer. The new vanadium-iron alloy, 
Solvan, which was introduced by Foote 
Mineral Co. in July, was quoted at $2.46 
per pound of contained vanadium, the same 
price as Carvan, a vanadium-iron alloy first 
marketed by Union Carbide Corp. in 1964. 

In line with price moves by other pro- 
ducers, the Hanna Mining Co. announced 
in December that the price of ferronickel 
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would be raised 9 cents per pound to 
$1.005 per pound of contained nickel, 
f.o.b. shipping point, to be effective Janu- 
ary 2, 1969. 

The quoted prices for low-carbon ferro- 
titanium (25 to 40 percent Ti) and ferro- 
tungsten remained unchanged from 1966 
through 1968, at $1.35 and $3 nominal 
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per pound, respectively. The 1967 price for 
ferromolybdenum, $2.11 per pound of 
molybdenum basis, held throughout 1968, 
as did the price range quoted for standard 
ferrocolumbium, $2.45 to $2.60 per pound 
of columbium, ton lots, f.o.b. shipping 
point. 


FOREIGN TRADE 


The world market for ferroalloys strength- 
ened in 1968 as steel production increased 
in every major producing country. The 
United States remained a net importer of 
ferroalloys; however, exports gained ground 
on imports. Volume of exports increased 66 
percent to a near record level, while value 
increased 22 percent to establish 1968 as 
the best year for foreign sales in the history 
of the industry. Exports of ferrochromium 
about doubled to lead in foreign sales of 
the major steelmaking ferroalloys. The 
United Kingdom, a ferroalloys-poor coun- 
try, took 30 percent of the ferrochromium 
exports. Exports of ferromanganese also 
doubled, but remained relatively small. 
Exports of ferrosilicon increased 56 percent 
and were distributed as follows: Canada 
and West Germany, 36 percent each; 
United Kingdom, 17 percent; and the 
remainder, in order of decreasing tonnage, 
going to Sweden, Mexico, Turkey, Aus- 
tralia, and other countries. The large 
volume of ferrophosphorus shipments, which 
contributed little to total export value, 
went principally to West Germany, pre- 
sumably for use in the production of 


The net trend in imports for consump- 
tion of ferroalloys continued downward for 
the second consecutive year, although there 
were deviations from the trend line among 
the individual ferroalloys. High-carbon 
ferromanganese, making up the bulk of the 
imports, decreased 3 percent on a gross 
weight basis and 17 percent on a value 
basis. Similarly, imports of low and medium- 
carbon ferromanganese decreased. Imports 
of low-carbon ferrochromium increased 
somewhat while imports of silicomanganese 
decreased 27 percent on a weight basis and 
35 percent on a value basis from those for 
1967. Although small relative to total im- 
ports, and historically erratic, imports for 
consumption of ferronickel increased by a 
factor of 4 over those for 1967, while 
imports of ferrovanadium increased by a 
factor of 148. Principal suppliers for im- 
ported ferromanganese were France, the 
Republic of South Africa, West Germany, 
India, United Kingdom, Gabon, and 
Sweden, in order of decreasing tonnage. 
The principal supplier of ferrosilicon was 
Canada, followed by Japan, France, South- 
ern Rhodesia, and the Republic of South 


fertilizers. Africa. 
Table 7.—U.S. exports of ferroalloys 
1966 1967 1968 

Alloys Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ferrocerium and alloy 31 $209 71 $303 45 $303 
Ferrochromium. mn 7,647 1,870 13,453 3,479 27,127 5,735 
Ferromangan ese 545 228 1,861 760 3,710 645 
Ferromolybdenum.................... 1,100 4,085 767 2,436 432 1,194 
Ferrophosphorous...................- 62,942 2,975 22,901 847 36,708 930 
Ferrosilteon nnn 5,812 2,004 11,774 3,228 18,372 4,481 
Ferrovanadium. l. 482 2,209 351 1,398 278 1,052 
Ferroalloys n.e.c............-.--..-.- 7,301 2,381 7,976 5,757 11,288 7,814 
f§ö§O cines 85,860 15,961 59,154 18,208 97,960 22,154 
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Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 


1967 1968 
Alloy Gross Content Value Gross Content Value 
weight (short (thou- weight (short  (thou- 
(short tons) sands) (short tons) sands) 
tons) tons) 
Chromium metall r 1,214 (1) r $1,842 1,366 (1) $2,053 
Ferrocerium and other cerium alloys... ....... (2) (1) (1) 12 (1) 7 
Ferrochrome and ferrochromium— 
Containing 3 percent or more carbon r 8,690 5,646 1,350 8,259 5,229 1,239 
Containing less than 8 percent carbon 48,969 32,827 12,408 51,557 35,780 12,9658 
Ferromanganese— 
Containing not over 1 percent carbon..... 5,106 4,497 2,102 9,269 2,8465 1,100 
Containing over 1 and less than 4 percent 
carbon- eu eem dede m OPE 21,669 17,817 4,298 17,988 14,910 3,559 
Containing not less than 4 percent carbon. * 189,504 r 145,298 720,037 183,097 141,834 16,578 
Ferromolybdenum, molybdenum metal, com- 
pounds, alloys and scrap (molybdenum con- 
tent)... ie See a de eee eee 1,175 690 2,485 238 218 1,043 
Ferronickeæe!1nlll¶[L[LnLLLLLnns -MMMM 2, 600 OH 1,110 10,553 1) 5,450 
Ferrosilicon.........-.-...--..-.--..-...-.- 30,333 15,337 4,456 24,901 10,622 9,211 
Ferrosilicon chromium.....................-. aaae „45k 1,932 (1) 339 
Ferrosilicon manganese (manganese content) 34,936 723,455 4,106 25,412 16,885 2,680 
Ferrotitanium and ferrosilicon titanium 153 (1) 199 (1) 143 
Ferrovanadium...........................- 8 (1) 37 1,185 (1) 1,756 
Ferrozireoniummmmmmnm 4 726 (1) 260 292 (1) 105 
Manganese metalll!!k!k! 2,337 (1) 919 3,183 (1) 1,253 
Tungsten alloys (unwrought) and scrap (tung- 
sten content)... .. A l2l2.l2.2-.-.- (3) (3) 2 5 15 
Tungsten metal (lump, grains, or powder) and 
tungsten carbide (tungsten content). ....... (1) 5 63 (1) 8 105 
Tungstic acid and other alloys of tungsten not 
specifically provided for (tungsten content) 31 2 260 22 14 172 
Ferroalloys not elsewhere classified r 536 (1) r 1,217 692 (1) 1,507 


r Revised. 
1 Not recorded. I 
2 Less than 1⁄4 unit. 


WORLD 


Japan.—Highlights for the year were 
implementation of modernization and ex- 
pansion programs for ferroalloy plants and 
technological advances in the production 
of ferrochromium. Just 14 years ago the 
productivity of the Japanese ferroalloy in- 
dustry was among the world’s lowest. In 
1954, 38 ferroalloy producers operated 266 
electric furnaces, of which 169 were in the 
1,000-kilovolt-ampere or smaller category 
and the five largest were in the 7,000- 
kilovolt-ampere class. When ferroalloy trade 
was liberalized in 1962, Japanese annual 
output per producer was only 11,000 tons 
compared with 17,000 tons for India and 
33,000 tons for producers in the United 
States. Of the 307 electric furnaces in 
operation that year, 85 were still in the 
1,000-kilovolt-ampere class and 150 others 
were smaller than 5,000 kilovolt-amperes 
each. Under the urging of the Ministry of 
International Trade and Industry (MITI), 
Japanese producers began to merge and 
to replace old, small furnaces with new, 
larger, and more efficient furnaces. Of 
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Japanese industries producing metal in 
1968, the ferroalloy industry was second 
in size only to the iron and steel industry. 

Modernization and expansion programs 
underway in 1968 involved not only the 
installation of larger furnaces but also the 
construction of new ferroalloy plants ad- 
jacent to steelworks for supplying molten 
ferroalloys and thus insuring fully inte- 
grated steelmaking operations. This is par- 
ticularly evident in construction of new 
ferrochromium plants adjacent to stainless 
steel producers. In addition to the general 
growth and improvement of the industry, 
a noteworthy technological innovation was 
the development of a new ferrochromium 
formula by Showa Denko K.K. which re- 
portedly cuts electric power consumption 
to one-half that using the conventional 
method and cuts overall costs by about 20 
percent. 

Of the 1.2 million short tons of ferro- 
alloys produced in Japan in 1968, ferro- 
manganese accounted for about 380,000 
tons, silicomanganese, 209,000 tons, ferro- 
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silicon 184,000 tons, ferrochromium 236,000 
tons and ferronickel 148,000 tons. Produc- 
tion of ferrosilicon and ferrochromium was 
less than anticipated due to a shortage of 
electric power caused by a drought late in 
the year. 


Norway.—The production of ferrosilicon 
increased by about 68,000 short tons during 
1968, due mainly to the installation of a 
new furnace at the Salten plant of Elektro- 
kemisk A/S in northern Norway. Produc- 
tion of ferromanganese increased by about 
38,600 tons as a result of the addition of 
a new furnace at the Porsgrunn Elektro- 
metallurgiske A/S plant owned by Elektro- 
kemisk A/S. Norwegian ferroalloy produc- 
tion in 1968, in short tons, was as follows: 
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Ferrosilicon_..........------------ 385, 000 
Ferromangan esse 187, 000 
Ferrochrome e 37,000 
Other ferroalloys: 
Ferrosiieochrome 6,000 
Ferrosilicon briquets 6,600 
Ferrosilicomagnesiummn 2,400 
Ferrosilicomangan ese 149, 000 
Miscellaneous 3,10 
ell! ĩ K Ea 776,100 


Norway is now the world’s largest pro- 
ducer of silicon carbide as a result of plant 
expansions completed by the following 
three producers: Arendal Smelteverk, 
Eydehamn; Orkla Exolon, Orkanger (U.S. 
owned); and Norton Norge, Lillesand (U.S. 
owned). 


Turkey.—Among the projects under 
study by Etibank, a leading mining and 
smelting state enterprise, is a ferrochro- 
mium plant at Keban-Guleman in south- 
eastern Turkey. 


TECHNOLOGY 


Technological highlights included inno- 
vations in ferroalloy production methods, 
improvements in standard production tech- 
niques, technologic trends in steel produc- 
tion which affect ferroalloys use, and new 
ferroalloys developed and marketed which 
improve the economics or technology of 
certain steelmaking processes. 

The rapid growth in demand for ferro- 
alloys, high production costs, particularly 
for electric power, and the growing con- 
cern about air pollution have stimulated 
recent innovations in ferroalloy production 
in Japan. Innovations have been particu- 
larly evident in the treatment of manganese 
ore for the production of ferromanganese. 
A limited number of producers—for ex- 
ample, the Sakata plant of Ferroalloy In- 
dustry, Ltd..—dry the raw material in a 
rotary dryer through effective use of gas 
emanating from semiclosed silicon-manga- 
nese electric furnaces. At the Kanazawa 
Plant of Nihon Denko, Ltd., powdery man- 
ganese ore composed predominantly of 
mudlike ore such as that of U.S.S.R. origin, 
purchased at a low unit price, is sintered 
by the Dwight-Lloyd (D-L) sintering proc- 
ess. The sintered ore obtained in this man- 
ner accounts for about 40 to 50 percent of 
the raw material consumed at the plant. 
A noteworthy advantage derived from the 
use of sintered ore is that the amount of 
dust produced by the electric furnace is 
small. The low average consumption of 


electrical power at the plant, 2,130 kilo- 
watt-hours per short ton of ferromanganese 
produced, compares favorably with the 
average consumption for the industry which 
ranges from 2,450 to 2,540 kilowatt-hours 
per ton. 

At the Mizushima Plant of Mizushima 
Gokin-Tetsu and the Takaoka Plant of 
Azuma Kako, Ltd., the process of pre- 
heating ore is employed to increase the 
efficiency of producing high-carbon ferro- 
manganese. At the Mizushima Plant, the 
ore is heated in a shaft furnace to 200°— 
300* C, by introducing burnt reducing 
gases from the electric furnace. Laboratory 
and pilot plant tests at the Takaoka Plant 
of Azuma Kako, Ltd., confirmed that the 
most critical parameter in preheating man- 
ganese ore is the selection of preheating 
temperature. The tests further showed that 
the optimum preheat temperature is 950? C. 
After scaling-up the pilot plant preheating 
equipment and integrating it with the 
operation of a 8,500-kilovolt-ampere ferro- 
manganese furnace, the power consump- 
tion of the furnace dropped from 2,360 
kilowatt-hours per ton to 1,900 kilowatt- 
hours per ton. An additional improvement 
was the reduction of dust generation from 
the electric furnace.* 


2 Tanabe, Isso. Preheating of Ore for a Ferro- 
manganese Furnace—A Recent Trend in Japan. 
J. Metals, v. 20, No. 5, May 1968, pp. 81-87. 
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Ore preheating plus sintering will be 
used in a new technique developed by 
Showa Denko K.K., the leading Japanese 
ferrochromium producer, in a new plant 
at Tokuyama which will go onstream late 
in 1969. The new technique is expected to 
cut electric power consumption to one-half 
that for a conventional plant and to reduce 
overall costs by 20 percent. An annual out- 
put of 60,000 tons of low-carbon ferro- 
chromium is expected from a modest 
18,000-kilovolt-ampere furnace. A second 
furnace to be installed later will boost 
annual output to 100,000 tons. In the new 
process, chromium ore is preheated and 
sintered in a rotary kiln and then charged 
hot and continously to an electric furnace. 
The production of the Tokuyama plant will 
be integrated with that of an adjacent steel 
plant; molten ferrochromium will be trans- 
ported “‘over-the-fence” to Nisshin Steel's 
stainless steel furnaces. 

Factors critical to efficient production of 
ferromanganese and silicomanganese were 
delineated in an article describing the 
operation of the large, closed, rotating, 
Elkem electric furnaces at the Tasmanian 
Electro Metallurgical Co.’s plant at Bell 
Bay, Tasmania, Australia.“ 

The differences in physical chemistry 
between blast furnace production of pig 
iron and blast furnace production of ferro- 
manganese were reviewed. The following 
conclusions were reached concerning the 
operation of a ferromanganese blast fur- 
nace: 

1. Large quantities of heat in the en- 
thalpy range higher than 2,800? F are 
important. 


2. High flame temperature from the use 
of high hot-blast temperature and oxygen 
enrichment decreased total fuel require- 
ment. 

3. The use of slag compositions that 
permit high ratios of bases to silica without 
impairing fluidity are conducive to high 
manganese recovery.“ 

Union Carbide Corp. announced a new 
process for making stainless steel involving 
the simultaneous injection of argon and 
oxygen into a refining vessel separate from 
the arc furnace. The major cost-saver in 
the process is that more high-carbon ferro- 
chrome—the least expensive kind—can be 
used. In present practices, when low-cost 
chromium is included in the charge, de- 
carburization with oxygen also oxidizes 
considerable chromium so that the amount 
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of low-cost chromium used must be re- 
stricted. In the new process, argon injec- 
tion during decarburization promotes car- 
bon removal with minimum effect on 
chromium. This permits adding to the fur- 
nace charge essentially all the chromium 
needed in the final product as low-cost, 
high-carbon ferrochrome. Since very little 
of this is oxidized during decarburization, 
the need for low-carbon ferrochrome later 
in the refining process is very substantially 
reduced. 

Union Carbide also introduced a new 
high-carbon ferrochrome designed to dis- 
solve readily in basic oxygen and open 
hearth heats at normal steelmaking tem- 
peratures, thus improving furnace opera- 
tions, alloy recoveries, and analysis control, 
according to the company. Rapid solution 
of ferrochrome is particularly desirable in 
basic oxygen practice as large additions to 
the ladle are favored over additions to the 
furnace to avoid oxidation of chromium 
into the furnace slag. Laboratory studies 
showed that the fastest solution rates were 
obtained with a ferrochrome containing 5 
percent manganese and minimal silicon. 

A new vanadium-iron alloy, Solvan, was 
patented in 1968 by Foote Mineral Co. and 
tested extensively in steelplants in the 
United States and Canada. According to 
the producer, the tests confirmed the tech- 
nical and economic advantages of the alloy, 
and commercial production was started in 
early 1969. Typically containing 25 percent 
vanadium, Solvan is characterized by high 
density, improved solubility, and good 
homogeneity. A low carbon level of 0.30 
percent maximum allows the use of lower 
cost ferromanganese in the steel melt, and 
the low oxygen content provides a ferro- 
vanadium alloy with a minimum of non- 
metallic inclusions, thus contributing to 
the production of cleaner steels. Vanadium 
is used as a deoxidizer and grain refiner in 
continuously cast steels, and as a strength- 
ening agent in high-strength, low-alloy 
structural steels and large-diameter, high- 
pressure piping for pipelines. All three uses 
are among the fastest growing in the steel 
industry. 


3 Hooper, Rex T. The Production of Ferro- 


m rane J. Metals, v. 20, No. 5, May 1968, 
—92. 

Stephenson, R. L. The Use of Physical 
Chemistry in Controlling the Operation of a 
Blast Furnace Producing Ferromanganese. J. 
Metals, v. 21, No. 2, February 1969, pp. 49-52. 

5 Iron and Steel Engineer. Revolutionary Proc- 
ess Developed for Making Stainless Steels. V. 
45, No. 10, October 1968, pp. 137-138. 
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Fluorspar and Cryolite 


By J. Robert Wells ! 


FLUORSPAR 


Demand for both acid and metallurgical 
grades of fluorspar in the United States 
maintained a strong upward trend through- 
out 1968, and for the first time in history 
the quantity imported for consumption 
(all grades) reached a figure in excess of 
1 million tons, or somewhat more than 80 
percent of the Nation’s total requirements 
for the year. Much of the increased de- 
mand for acid-grade fluorspar was a re- 
flection of the growing use of a multitude 
of versatile fluorocarbon plastics. In steel 
manufacturing, although there was a con- 
tinued contraction in consumption of metal- 
lurgical spar in open-hearth furnaces, that 
used in basic-oxygen installations continued 
to increase. 


Legislation and Government Programs.— 
No contracts for exploration of fluorspar 
prospects were made by the Office of 
Minerals Exploration during the year. The 
General Services Administration reported 
that, of 14,600 tons of fluorspar held by 


the Government and previously declared 
surplus, 4,500 tons was sold by sealed bids 
in October and that the remainder, except 
for 1,429 tons immobilized by cold weather 
at the Colorado storage site, was disposed 
of subsequently in negotiated transactions. 
The Office of Emergency Preparedness 
announced in December that 210,533 tons 
of fluorspar in inventory was considered 
excess to stockpile requirements and re- 
quested legislative authorization for dis- 
posing of this surplus material at a rate not 
to exceed 25,000 tons during the program’s 
first year. Government inventories as of 
December 31, 1968 included 1,123,858 
tons of stockpiled acid-grade fluorspar and 
412,243 tons classed as metallurgical-grade 
material. 


DOMESTIC PRODUCTION 


The region embracing Hardin and Pope 
Counties, III., and Crittenden, Livingston, 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient fluorspar statistics 


1964 


1965 1966 1967 1968 
United States: 
Production: 
Crude: 
Mine production short tons 620,474 772, 765 737,411 838,631 749,219 
Material milled or washed do 624, 745 825, 867 796,418 914,616 765,531 
Beneficiated material 
recovered........ short tons.. 202, 300 236, 800 250, 200 284, 800 237, 000 
Finished (shipments) ``. ` do 217, 187 240, 932 253, 068 295, 643 252,411 
Value . thousands $9,723 $10,889 $10,841 $13,164 $11,656 
Eper short tons 702 9, 385 5,7 10, 345 12,614 
/// AA er XE thousands 3158 3315 3301 $517 $496 
Imports for consumption. . . short tons 687,938 816,546 878, 546 911,870 1,050,107 
BING so cun eee thousands 16,882 319,958 $21,968 $24,485 $28 ,699 
Consumption..............- short tons 831,561 930,127 1,065,124 1,091,158 1,248,414 
Stocks Dec. 31: 
Domestic mines: 
Fude short tons 299,109 274,011 207,338 126,716 97,522 
Finished. .............- do.... 10,174 19,664 26,589 22 , 522 12,557 
Consumer plants do.... 203,014 235,657 254,726 303,718 828,121 
World: Production. ................- do.... 2,717,106 3,062,970 8,131,203 3,502,094 NA 
NA Not available. 
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and Caldwell Counties, Ky., continued to 
be the most productive source of domestic 


fluorspar. Operations in this area depended, 
as usual, on the coproduct relationship of 
fluorspar, lead, and zinc from the same 
mines. Smaller tonnages of fluorspar, with 
no byproduct involvement, were contrib- 
uted by Colorado, Montana, Nevada, New 
Mexico, and Utah. 

The 1968 domestic output figures, both 
for production and for shipments, were 
substantially below those of 1967. 

The Aluminum Company of America 
(Alcoa) discontinued the milling of fluor- 
spar at Rosiclare, Ill, early in 1968, and 
. the Pennsalt Chemicals Co. mill at Mexico, 
Ky., suspended its operations some months 
later. Substantially more than an eventual 
counterbalance for these closures was 
promised by the resumption of mining and 
milling activities at the properties of the 
Obark-Mahoning Co. at Northgate, Colo. 
This establishment, not yet in full opera- 
tion at yearend, has the potential of adding 
at least one-fifth more to the total domestic 
output of fluorspar. 

. At Polk City, Ill., the Minerva Co. began 
hoisting 250 tons of fluorspar ore per day 
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of plans for expanding existing installations 
and programs for constructing additional 
facilities elsewhere. 


CONSUMPTION AND USES 


Consumption in the United States of all 
grades of fluorspar in 1968, as indicated 
by a canvass of principal users, reached a 
total of 1.2 million tons, a new annual 
record. Although the comparison with 
earlier figures is not strictly valid because 
of a difference in the methods by which the 
data were collected, consumption was at 
least 10 percent more than in any previous 
year. Approximately 80 percent of the 
fluorspar consumed in 1968 was imported, 
and only 20 percent came from domestic 
sources. 


PRICES 


The December 1968 issue of Engineer- 
ing and Mining Journal quoted the follow- 
ing prices per short ton for the principal 
commercial grades of fluorspar: 


Domestic, f.o.b. Illinois- 
Kentucky: 
Metallurgical-grade, 7214 


A g percent effective Ca F: $41.50-42.50 
from the vertical 6- by 13-foot Gaskins Acid-grade concentrates, 
shaft, which was bottomed at 534 feet. The a ST percent 
company’s use at this location of specially *Carloads ecc cl lude 54.00 
designed limited-width loader-haulers is nes uere pu^ 
the first reported underground application Pellets, 70 70 percent effective 
of rubber-tired hauling equipment in fluor- Ceramic grade, 95 to 98 SE 
spar mining. percent CaFs........... 51.50 
Enth b d. pe 
n usiastic acceptance y users assure d-grade, duty paid 
a permanent place in the industry for fluor- MIS basis 44.50-47.00 
spar briquets and pellets, the production Metallurgical-grade, 7214 
of which continued to gain momentum. percent effective CaF: 
SE Border, all rail, duty 
Although existing plants — at or 8 paid . Hec M 83 .00-84 .00 
near capacity throughout most of the year, rownsville, Tex., 
the demand for both acid and metal. Templi, Mexioo, "7 pte 
1 | cargo lots š š 
lurgical grade agglomerates far outran the Acid-grade 97 E 
supply, giving rise to active consideration Eagle Pass, Tel. bul ik’... 40.00-41.00 
Table 2.—Shipments of finished fluorspar, by States 
1967 1968 
Value Value 
xxm 1 Total A pud Total A 
ns o verage ns o verage 
(thousands) per ton (thousands) per ton 
Arizonas ul 8 10,000 $280 ort OO. accaniti 222222. acs LEE 
UI, CLR 210, 207 9,859 6.90 188,825 $9,184 $48 .50 
Kentucky ꝶꝶꝙ/½. 82, ,952 1,686 51. 17 17, 050 878 51.48 
EER Oca neo ou VJ 8 W W 8,762 218 24.82 
Other States 1.......................- 42,484 1,889 81.52 88,274 1,481 87.40 
rr 295, 643 18,164 44.68 252,411 11,656 44.42 


W Withheld to avoid disclosing individual company cont confidential data; included with “Other States. 
evada 


1 Includes Colorado, Montana, New Mexico, 


3 Data may not add to totals because of independent rounding. 
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Table 3.—Fluorspar (domestic and foreign ) 
consumed and in stock in the United 
States, by grade and use in 1968 


Grade and use Short tons 


CONTAINING MORE THAN 97 PERCENT 
CALCIUM FLUORIDE 


Hydrofluoric aeigd 659, oa 
Ename ll 425 
Nonferrous metals 6,274 
Iron foundr /// 996 
Steel manufacture: 
Open hearth jj). 31 
Electric furnace 2, 680 
Other furnace s 260 
Total consumption........... 677,979 
Ending stocks December 31... 71,583 


CONTAINING NOT MORE THAN 97 PERCENT 
ALCIUM FLUORIDE 


Glass... 22 ee co 16,395 
Enamel. 2-2 0022 . .. UAE „88 

Welding rod coatings h)) 11,658 
Nonferrous metals 14,229 
Iron foundry....................-. 82,158 

Steel manufacture: 
Open hearth. ................. 108,659 
Basic oxygen 307, 125 
Electric furnacga k 66,317 
Other furnace s 1,386 
Other uses 3,176 
Total consumption........... 565, 435 
Ending stocks December 31... 245,538 

ALL GRADES 

5 VT WEE 659,524 
ERR SECO ES RUP RP RD 24,184 
Enamel-..... ß ees 4,757 
Welding rod coatings..............- 11,658 
Nonferrous metals 20, 508 
Iron foundry. -.-.-.---------------- 33,154 

Steel manufacture: 
Open hearth.................- 108 ,690 
Basic oxygen 807 ,125 
Electric furnace. .............- 68,997 
Other furnaces. .............-- 1,646 
Other uses .... 2... .-...-- 8,176 
Total consumption........... 1,243,414 
Ending stocks December 31... 823,121 


1Includes other uses containing more than 97 
percent calcium fluoride. 

? Includes welding rod coatings containing more 
than 97 percent calcium fluoride. 

3 Includes fluorspar used in the manufacture of 
ferroalloys. 


FOREIGN TRADE 


Fluorspar was imported by the United 
States in 1968 in greater volume than ever 
before, almost 1.1 million tons compared 
with 900,000 |in 1967. Thus, of the 
total quantity of fluorspar of all grades that 
served the needs of U.S. industry in 1968, 
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4 tons out of 5 were of foreign origin, and 
of those 4, 3 originated in Mexico. Spzin 
and Italy also were substantial suppliers. 
Exports of fluorspar, although much below 
the level of imports, constituted a signifi- 
cant item of foreign trade. 

The rates of duty imposed by the X.. ‘ed 
States on imported fluorspar, uncha- red 
since January 1, 1963, were $2.16 per 
long ton (equivalent to $1.875 per short 
ton) for material containing more than 
97 percent CaFe and $8.40 per long ton 
($7.50 per short ton) for material not over 
that percentage. 


WORLD REVIEW 


A number of journal articles published in 
the United States and abroad contained 
information concerning the 1968 inter- 
national fluorspar situation.* 


Canada.—The manager of a large mine 
on Newfoundland’s Burin Peninsula, an 
important producer of acid-grade fluorspar 
since 1941, reported difficulty in recruiting 
and keeping manpower. Át one time an 
abnormal incidence of pulmonary disease 
among the miners was experienced at this 
operation, and apprehension on the part 
of prospective workers appears to persist 
even though no new occurrences of lung 
malignancy have been reported there since 
the installation of an improved ventilating 
system in 1960. In August 1968 a second 
mine was brought into production that will 
augment the fluorspar output of the Burin 
Peninsula by 25,000 tons annually. 


Czechoslovakia.—Construction was nearly 
completed of a new flotation plant at 
Sobedruhy, northern Bohemia, that is ex- 
pected to provide 50,000 tons of acid-grade 
fluorspar annually for the needs of domestic 
industry. 


India.—At Ambadungar, Gujarat State, 
the nation’s first fluorspar processing plant 
was nearly completed and was expected to 
be ready for operation early in 1969. The 


2 Chermette, Alexsis. Le Marche de Spath- 
Flour dans le Monde (Fluorspar Trade Around 
the World). Mines at 5 (Paris), May- 
December 1968 (preprint), 14 p 

Industrial Minerals (London). World Fluor- 
spar Markets. No. 9, June 1968, pp. 15-26. 

. Mineraria Silius—Largest Producer of 
Acid-Grade Fluorspar in Italy and the EEC. 
No. 10, July 1968, pp. 21-22. 

Montgomery, Fluorspar. Domestic and 
Foreign. Min. Eng., v. 21, No. 8, March 1969, 
pp. 63-66. 

Wells, J. Robert. Fluorspar. Eng. & Min. 
Jour., v. 170, No. 8, March 1969, pp. 160-160B. 
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Table 4.—Fluorspar shipped from mines in the United States, by grade and use 


1967 1968 
Quantity Value Quantity Value 
Grade and use — — —j— — —[[s MhmeYƏ >v  - — ꝓ 
Short Percent Total Average Short Percent Total Average 
tons of (thou- per tons of (thou- per 
total sands ton total sands) ton 
Ground and flotation concentrates: 
5 acid - 135, 622 54.5 $6,684 $49.29 88,782 40.6 $4,460 $50.28 
LO) T dT 88 31,797 12.8 1,472 46.29 34,495 15.8 1,675 48.57 
Ceramic and enamel.......... 4,924 2.0 232 47.17 7,791 3.6 3038 38.83 
Nonferroun s 3,831 1. 5 178 46.59 3,234 1. 5 158 48.87 
Ferroun ss 68, 879 27.6 3,140 45.58 79, 578 36.4 3,763 47.29 
Miscellaneous III.. 3,995 1.6 184 46.10 4,547 2.1 224 49.21 
Total #; u, c O.L u 8 249,048 100.0 11,891 45.75 218,427 100.0 10,582 48.47 
Fluxing gravel and foundry lumps 
opnferroug ......... IT ats e ee WExEeed 2€ 
Ferrous...................-- 88,093 81.8 1,133 29.74 31,927 93.9 1,054 38.01 
Miscellaneous „485 18.2 139 16.40 2,057 6.1 20 9.76 
Total 2. u. l l l E 46,595 100.0 1,273 27.32 38,984 100.0 1,074 31.60 


1 Includes exports. 


2 Data may not add to totals because of independent rounding. 


Table 5.—Fluorspar (domestic and foreign) 
consumed in the United States, by States 


(Short tons) 
State 1967 1968 
Alabama, Georgia, North 

Carolina 12,674 12,108 
Arkansas, Kansas, 

Louisiana, Mississippi, 

Oklahoma. ............ 137,204 173,140 
California. 1, 165 47,131 
Arizona, Colorado, Utah... 23, 996 27,8323 
Connecticut 870 874 
Delaware and New Jersey 99,380 101,414 
Florida, Rhode Island, 

Virgini aK. 1,481 1,898 
Illinois... 60,521 64,142 
Indiana... ..... . . gt 43,145 42 ,802 
Iowa, Minnesota, 

ebraska !, Wisconsin... 8,020 1,817 
Kentucky...............- 64.390 66,442 
Maryland...............- 81,101 85,654 
Massachusetts 403 
Michigan 65,674 71,418 
Missouri 2,715 2,148 
New Vork and Vermont 31,84 38,409 

s C PEE E EEE ⁵ð o 111,106 187,321 
Oregon and Washington... 1,655 1,6 
Pennsylvania 89,252 105, 134 
Tennesse 2,385 1,939 
duoc METER cls 215,326 254,893 
West Virginia 42, 405 50, 238 


W Withheld to avoid disclosing individual com- 
pany confidential data; included with Connecticut. 
1 1967 only. 


mill has a rated capacity to produce 40,000 
tons per year of finished fluorspar concen- 
trate from material mined at a nearby 


1,091,158 1,243,414 


Table 6.—Stocks of fluorspar at mines or 
shipping points in the United States, 
by States, Dec. 31 


(Short tons) 


1967 1968 
State ————— —ĩ— A 
Crude Finished Crude Finished 
Illinois 98,031 16,797 58,722 65,989 
Il 8 150 
Other States 1. 28,685 5,725 38,650 6,468 


Total. 126,716 22,522 97,522 12, 557 
1 Includes Colorado, Kentucky, and Montana. 


deposit that is estimated to contain ap- 
proximately 12 million tons of 30-percent 
fluorite ore. 


Mexico.—Asarco Mexicana S.A. an 
affiliate of American Smelting & Refining 
Co., completed a new flotation mill at 
Parral, Chihuahua, designed to recover 
85,000 tons annually of acid-grade fluorspar 
from accumulated lead-zinc concentrator 
tailings, the largest plant yet built exclu- 
sively for that type of feed. Increased pro- 
duction of metallurgical-grade fluorspar in 
San Luis Potosi was facilitated by the com- 
pletion there of a new three-compartment 
hoisting shaft at the Riolito mine of Minera 
Continental S.A. near Rio Verde. Also in 
the Rio Verde district, Mexican interests 
established a new company to launch an 
operation which, it is asserted, will soon 


FLUORSPAR AND CRYOLITE 


Table 7.—U.S. exports of fluorspar 


Year Short Value 
tons (thousands) 
% re es 5,732 $301 
19 8 10, 345 517 
1968 EE 12,614 496 


rank among the world's largest producers 
of metallurgical-grade fluorspar. 


South Africa, Republic of.—Transvaal 
Mining and Finance Co. Ltd., a major 
fluorspar producer, reported only limited 
success in an effort to concentrate fluorite 
from mines in the western Transvaal by 
flotation procedures found applicable to 
ore taken from the granite-associated vein 
deposits in the north. The western fluorspar 
occurs in dolomite and presents an essen- 
tially different processing problem. 

In the central Transvaal, plans were 
announced for an investment of about $5 
million to develop a mine and flotation mill 
to exploit fluorspar ore from a deposit in 
the Bushveld igneous formation north of 
Pretoria. The output of the proposed opera- 
tion is expected to amount to 50,000 tons 
of acid-grade fluorspar annually. 


Thailand.—Research and Resources Co., 
a joint enterprise of national and U.S. 
interests, retained Philip Bradley, chairman 
of the California State Mining & Geology 
Advisory Board, to initiate a program of 
modernization aimed at achieving at least 
a twofold expansion of the 3,000- to 5,000- 
ton-per-month output from its fluorspar 
operations in Petchaburi Province. Thai- 
land’s production of fluorspar from all 
mines in 1968 was estimated to be about 
270,000 tons, only slightly less than the 
comparable figure for the United States. 


TECHNOLOGY 


Substantially more than half the fluor- 
spar of commerce is consumed for chemical 
purposes, especially for the manufacture 
of hydrogen fluoride, from which elemental 
fluorine and a host of fluorine compounds 
are derived. One class of these compounds, 
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the fluoropolymers, possess exceptional 
chemical and physical characteristics that 
enable them to perform satisfactorily in 
tasks for which most inorganic substances 
are useless and while exposed to conditions 
under which most other organic com- 
pounds would be destroyed. Polytetrafluoro- 
ethylene, for example, a versatile polymer 
widely known under a shorter trade name 
and currently being produced at the rate 
of some millions of pounds annually, serves 
in applications over a temperature range 
from the intense cold in the tank that 
holds the liquid-hydrogen fuel of a space 
rocket to the friction-heated wing surfaces 
of supersonic aircraft. Not only does this 
remarkable material maintain its size and 
shape under such extremes of temperature, 
it also keeps its electrical properties in- 
tact, while exhibiting at the same time a 
lower coefficient of friction than that of any 
other solid substance yet known to science. 
An informative account of the nature and 
present status of these fluorocarbon syn- 
thetics, together with some forecast of 
likely developments in their future was 
published in a journal article.“ 

Officials of Oesterreischische Stickstoff- 
werke A.G. stated that chemists of that 
Austrian chemical manufacturing firm have 
devised a process in which byproduct or 
waste fluosilicic acid from fertilizer produc- 
tion can be used for making aluminum 
fluoride cheaper and much purer” than 
by conventional methods—, assuredly an 
item of interest in the United States where 
the operations of aluminum smelters re- 
quire the annual consumption of thousands 
of tons of aluminum fluoride, in large part 
produced expensively from imported fluor- 
spar. That interest should be sharpened by 
the fact that the need for air-pollution 
control presents U.S. phosphate rock proc- 
essors with an imperative disposal problem 
involving thousands of tons of waste-prod- 
uct fluorine ever year, mostly in the form 
of fluosilicic acid.* 


3 Gosnell, Rex B. Fluorine Means Unusual 
Polymers. Ind. Res., October 1968, pp. 79-83. 

* Industrial Minerals (London). New Route 
to Fluorine. No. 5, February 1968, p. 24. 
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Table 8.—U.S. imports for consumption of fluorspar, by countries and customs district 


1967 
Country and customs district 
Short Value Short 
tons (thousands) tons 
CONTAINING MORE THAN 97 PERCENT CALCIUM FLUORIDE 
Colombia: Laredo, TT ------222--- 229 $T 25k 
France: New York Ctv v 22 EO uz: 
Germany, West: Detroit, MIGNE hos nomo eec. wee. Miete in EE 9,574 
Italy: 
Cleveland, rr. 5,040 
Detroit, Mich 4,287 158 14,734 
% C/%%õ˙—ß³ẽ5idaen;u;(;mt aveces eee 11,297 868 22, 786 
New Orleans, Laa 22, 798 731 28,402 
Philadelphia, Pa -2-0-22 -MMMnMMMMMŅM 24, 067 787 26,58 
Total: c nnurluuepLL celos ⁰ ass 62,444 2,084 97,642 
Mexico: 
Baltimore, Md kk 383 PI oc:22:2 
Rl Pago, Dex... , y i 78,349 1,964 81,569 
Galveston, "fex... 854 Jl | dud 
Houston, kk 176 206 
ö ð“Y ñ ² ˙ꝝ˙ . 88 235, 548 6,259 255, 908 
Los Anzia. Calif... ͤ% Aa ĩð SAE 177 r 
Nen! ———— 42,368 1,281 85,812 
New York City-..... .. . . . . .. .. . . . cra RR RTeUS 201 8 --------- 
Philadelphia, ³o L.. ³ðù shuanadh 8,478 
San Diego, Calif SE 282 9 S 
PJ) ið m ³⅛·Üͤ ö %¾ 357, 848 9, 557 381,973 
Spain: 
Cleveland, Ohio 26,255 969 12, 682 
Detroit, Mic 9, 468 282 21,514 
Galveston, "Tex... e 22-22 ene ee 26, 591 BOT “Sececedcs 
New Orleans, La 4,586 
New York on JJ m ĩðâ2ĩ 8 7 2 
ii o ] d ð K Seek 3,784 188. 12-2 
Philadelphia, Pau, EE 86,830 8,514 94,759 
Tol cx or esie ee mo e LEE 152,426 5,762 188 , 498 
United Kingdom: 
Cleveland, Ohio „ 5, 716 170 7,260 
New Orleans, J u eee he 14, 688 387 8, 136 
San Juan, Puerto Ri ooo 299 17 155 
OCR a uluya oe dd Ire n ML rr 20,708 574 15, 551 
(E ERT BEE 598,667 17,935 688,138 
CONTAINING NOT OVER 97 PERCENT CALCIUM FLUORIDE 
Canada: 
Buffalo; A aA 3, 552 372 12,488 
Detroit, Mic 60 . 
„ ß ceu ec 3,612 74 12, 488 
Greenland: Laredo, Tenn „ 76 
Japan: Detroit, Mich. nn 27 1 
Mexico: 
Baltimore, Mé e. 18,603 8817 88,924 
Buffalo; N; Y . ease seus 81,951 708 14,398 
Cleveland, Ohio o 26, 525 658 27, 589 
Detroit, Mich 27,929 599 28,880 
EI Eemere E 77,857 1,557 69,257 
ßJ)))))ö;öõÄöĩöĩ ̃ ͤ 8 73,977 1,118 147, 250 
Los Angeles, Calif__ o ð y 676 
oblle, AT EE 8,461 8 9,498 
New Orleans, La 22-2- 2- 2- 29,651 855 88,476 
on,“... uae be 8 054 211 
Philadelphia, Pg. 222 hn ² h h sae des 10,860 261 29,962 
ͤĩÜ—(%⅛⁵i ⁰·¹-¹ AA 301, 868 6,287 399, 410 
South Africa, Republic of: Baltimore, Md 12,696  ) 288 ......... 
United Kingdom: San Juan, Puerto Eesen 50 
Grand total osc. U U. Sct eee eee essence 818 ,208 6,550 411,974 


1968 


Value 
(thousands) 


FLUORSPAR AND CRYOLITE 


Table 9.—World production of fluorspar, by countries 
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(Short tons) 
| Country ! 1964 1965 1966 1967 1968 P 
North America: | 
nn. 8 96,000 112, 000 79,000 94,000 98,000 
REENEN 708 ,644 810,618 r 800,715 865,489 1,021,000 
United States (shipment) 217,137 240,932 253,068 295,648 252,411 
South America: 
LEE eee elus 12,703 12,883 r 17,734 P 17,000 NA 
JJ OP ass ha he fap ea NA NA 237 502 NA 
Europe: 
France (marketable) 1777... AE EEA 215,119 215,573 237,476 269,000 NA 
Germany: 
E es oo E ee e Etc 77,000 88,000 88,000 88,000 88,000 
West (marketable)................- 98,960 91,402 93,195 95,821 e 100,000 
II•öü ³ĩð³A ĩð K eae es 137,449 r 169,020 r 194,020 226,190 e 249,000 
Spain (marketable)))) 164,995 243,248 r 247,000 268,000 282,000 
United Kingdom ove ORC 8 114,200 128,700 r 164,600 156 , 700 159 , 800 
"m LS SR 68 CDI" 330,000 385,000 885 ,000 420,000 420,000 
rica: 
Morocco- Lun oe che net Sense eee 1,242 8,307 69.900 "cuonadoUi e ee 
Rhodesia, Southern 77 165 165 165 165 
South Africa, Republic off 66,431 72,517 90, 266 105, 058 119,667 
" III ee m 88 e 8,300 2,894 , 156 ,00 
sia: 
China, mainland *....................- 220,000 240,000 280,000 280,000 280; 985 
ill te a Ee 429 607 ,178 ; 
pee Ee 21,078 18,205 15,472 16,871 17 E 
orea: 
North EE 33 ,000 88,000 83,000 88,000 88,000 
e ce eee oed a 62,167 43,174 35,283 62, 796 51,372 
Mongoliaaa eee 63,000 83,000 r 55,00 55,000 66,000 
Thailand u . eee 70,039 57 ,182 52,941 146, 775 270,178 
III T8 1,436 1,187 1,659 * 1,600 2 
lr! a OE Re ep 2,717,106 3,052,970 3,181,208 3,502,094 NA 
* Estimate. P Preliminary. r Revised. NA Not available. 


! Fluorspar is also produced in Australia, Brazil, and Bulgaria, but details are not available. 
* Excludes recovery from lead and zinc mine dumps. 


3 Total is of listed figures only. 


Table 10.—International fluorspar trade in 1967 
(Short tons) 


Producing country Exports 
Bulgarie. bee 15,808 
China, mainland... ..............- 1176, 473 

nO lesu el. d ĩ Saa 25 aO 120,266 
Germany 
POS soot tese 8 1 28,276 
Wess 10, 865 
i ee ee cet 94,002 
Japan olur rt o Se nul ee oak ae 514 
orea: 
e eoo dd aia ESNE 1 12,248 
Sr O 53,113 
]] AA 833, 654 
Mongolia 1 51,300 
South Africa, Republic of 99,277 
DEEN 188 , 788 
Thailand 22 188 ,618 
United States 10,844 


1 From import detail of destination countries 


Principal destinations 


East Europe 4,352; Yugoslavia 880; Japan 571. 
Japan 142,519; West Europe 24, 535; East Europe 9,419. 
West Europe 117 266; East Europe 1, 548; Asia 1 ,046. 


East Europe 13,668; West Europe 9,608. 
West Europe 9,507; East Europe 442. 
United States 84,239; West Europe 6,045. 


Asia 459; Australia 55. 


Japan 6,131; East Europe 6,117. 
Japan 50, 919; Philippines 1, 119. 

United States 697,877; Canada 135, 612. 
All to U.S.S.R. 


Japan 61,298; U.S. 12,801; West Germany 9,840. 


United States 149,887; West Europe 85,929; India 2,839. 
Japan 182,217; India 5,055; Taiwan 606. 
Canada 6,593; India 3,382. 


2 Group category; fluorspar, feldspar, leucite, and nepheline syenite. 


CRYOLITE 


Natural cryolite, theoretically the 


dium and aluminum fluoride double salt 
the 
southern tip of Greenland, was imported 
and processed in a plant at Natrona, Pa., 
by Pennsalt Chemicals Corp. Additional 


NagAl1Fe, mined at Ivigtut near 


SO- 


quantities of cryolite were produced syn- 


thetically from fluorspar or were salvaged 
from scrapped aluminum-smelter pot lin- 
ings by Aluminum Company of America 
at Point Comfort, Tex., 
Aluminum & Chemical Corp. at Chalmette, 
La., and at Spokane, Wash. 


and by Kaiser 
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PRICES 


Cryolite prices listed in the Oil, Paint 
and Drug Reporter, December 30, 1968, 
were as follows: Natural, industrial, in bags, 
at works, carlots, $15 per 100 pounds; less 
than carlots, $16.75 per 100 pounds. These 
prices were about 15 percent higher than 
the respective quotations for the previous 
year. 


FOREIGN TRADE 


The import figures compiled by the 
Bureau of the Census (table 11) do not 
distinguish between natural and synthetic 
cryolite, but it can be assumed that only 
the shipments from Greenland consisted of 
the natural mineral and that essentially 
all of the remainder was synthetic. It is 
noteworthy that Greenland supplied only 
22 percent of the total U.S. cryolite imports 
in 1968, down from 55 percent in 1967, 
and nearly 80 percent in 1963. Data on 
exports of cryolite were not available. 
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of cryolite 


Year and country Short 
tons 

h. 24,011 
1960... cee 31,655 

1967: 
Canada 2,689 
France- -= 7,558 

Germany 

East 679 
West 1, 486 
Greenland Iii 19,953 
rale, else ,954 
Total... Lu sss 86,819 

1968: 
Canada 8,128 
Denmark 220 
Fran eee 6,415 
Germany, West 108 
Greenland i 7,570 
II/ 15,943 
Japan 112 
Spain 265 
Switzerland .........- 11 
Total: i212 83 , 772 


Table 11.—U.S. imports for consumption 


Value 
(thousands) 


$2,009 


1 Crude natural cryolite. 
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Gem Stones 


By Benjamin Petkof ! 


Estimates of domestic gem stone produc- 
tion indicate that output has increased 
slightly from $2.4 million in 1967 to $2.5 
million in 1968. The United States has no 


formal gem stone mining industry and the. 
collection of gem materials rests firmly in 
the hands of individual co!lectors and rock 
hobbyists as a recreational activity. 


DOMESTIC PRODUCTION 


Thirty-eight States produced gem mate- 
rial during 1968. The following States were 
the major producers and supplied material 
valued in excess of $100,000: Oregon, Cali- 


fornia, Idaho, Texas, Arizona, Wyoming, 
Colorado, and Montana. These States sup- 
plied 72 percent of total production. 


CONSUMPTION 


Consumption of both rough and cut gem 
diamond exceeded 4.3 million carats valued 
at $475 million, an increase of 10 percent 
in quantity and 23 percent in value over 
that of 1967. The value of imported syn- 
thetic and imitation gem stones including 
imitation pearl reached $12.4 million, an 
increase of 20 percent over that of the 


previous year; natural and cultured pearls 
declined 24 percent from 1967. 

Apparent consumption of gem stones 
(domestic production plus imports minus 
exports and reexports) increased 45 per- 
cent from $304 million in 1967 to $441 
million in 1968. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were 0.25 carat, $75 to $400; 0.50 carat, 


$200 to $800; 1 carat, $650 to $2,500; 
2 carats, $1,500 to $9,000; 3 carats, $3,000 
to $18,000. 


FOREIGN TRADE 


Exports of precious and semiprecious 
gem stone increased over 50 percent to a 
value of $99.2 million. Diamond, over 
one-half carat in weight, cut but unset 
made up the bulk of the exports. 

Imports of gem material increased 22 
percent in value over those of 1967 with 
gem diamond accounting for 88 percent 
of the total. 

Emerald imports almost doubled, with 
India and Colombia supplying almost 60 


percent of the receipts. 

Ruby and sapphire imports increased 
61 percent and were received from 27 
countries with Ceylon, Burma, and India 
furnishing 68 percent of the total. 

Imports of natural and cultured: pearl 
declined with India and Japan supplying 
the major portions of natural and cultured 
material, respectively. 


1 Physical scientist, Division of Mineral Studies. 
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Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


1967 1968 
Stones 
Quantity Value Quantity Value 
Diamonds 
hor uneubl.-.ucozcesewwesweeccuesva ume carats.. 2,506 $212,902 2,514 $252,653 
Çut büt Unst «ĩ«ĩ?i?“n ß emi do.... 1,455 174.570 1,88 222, 478 
Emeralds: Cut but uns et.. do 24 5. 518 365 10,644 
Rubies and sapphires: Cut but unser NA 5,685 NA ,115 
CN owacewescceumexoFwem.ae E y dE QE EE NA NA 
Pearls: 
NStulal..-2. 2.22 K NA 576 NA 525 
Cultuüregd; l; ß y ß cos NA 17,140 NA 12,865 
Fr eee cease Tuyo d NA 87 NA 403 
Other precious and semiprecious stones: 
hand uncul.... . x NA 4,900 NA 5,062 
Cut butunset; u olco ul uuu ð K NA r 7.745 NA 11,088 
Other, E EE NA 270 NA 874 
Synthetic: 
Cut but uns number 8,042 1,882 5,085 2,404 
théP.. n.n IE N EE NA 10 N 166 
Imitation gem stones NA * 8,476 NA 9,405 
Totale ccce p LEAL ⁊ K acces NA 439,645 NA 587,193 
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913 603 SLE L 7 ( 010'T 01 Ser 9. 1061 01 — 5 sə unos 19930 
q D 719.9 98 9 t 095.7 98 LL LLL BER É 18 vc Deu eg un 
See eres: omen SEKR q6 7777777 rc E Lv8 d »9 , 33 229.2 99 , E EE wv[g9nzaua A 
882. 7 LT 189.291 687.1 268. T 91 000821 688 1 728.1 oT 808.181 901.7 --------------ulopBury payun 
889 6 89 J 816°9 68 Lt. (1) T68'8 62 JJ 88 US'S 
GEI Y 680°2 02 LO (O y29°1T L zov. T 509.8 E pute zuin 
970.8 98 088.95 787 99L°L Z8 228.668 888 100'4 82 850.81 IZI Je opqndəy vol ynog 
018.1 8 368.1 19 L08, 8 T26'9 08T $9 . () 20, |) See euoaT Sieg 
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WORLD REVIEW 


Canada.—Himberlite dikes were dis- 
covered underground at the Upper Canada 
Mines, Limited, by the Geological Survey 
of Canada. Upper Canada and neighboring 
Queenston Gold Mines Limited, entered 
into an exploration agreement with Cana- 
dian Rock Company Limited, a wholly 
owned subsidiary of De Beers Consolidated 
Mines Ltd. of South Africa. During the 
latter part of the year an announcement 
was made that work progress had not been 
encouraging. 

The Kimberlite Mining Corporation 
Limited began a drilling and geophysical 
program in the Coral Rapids area of 
northern Ontario. Reportedly a 250-foot 
width of kimberlite material was found 
during drilling.” 


Ceylon.—Export duties on precious and 
semiprecious stones were abolished effective 


was expected to provide incentive for gem 
exporters to accept foreign exchange 
controls.? 


Colombia.—The Government has estab- 
lished a group called the Empresa Colom- 
biana de Esmeraldas to develop and ad- 
minister deposits of emeralds and other 
precious stones in the national reserve 
region of Colombia. The directorate of this 
organization will consist of the Minister 
of Mines and four other members appointed 
by the Government. The issuance of per- 
mits to others for the purposes of explora- 
tion and development of emerald deposits 
has been suspended.‘ 


2Canadian Mining Journal. Diamonds. V. 90, 
No. 2, February 1969, p. 124. 

3 U.S. Embassy, Ceylon. e Department 
Airgram A-544, Nov. 27, 1968, 

! Mining Journal ( London). Columbia 3 


e ° ° ° e 8, 
November 16, 1968. The abolition of duties „ Fo 
Table 3.— World production of gem diamond, by countries 
(Thousand carats) 
Country 1964 1965 1966 1967 1968 » 
Africa: 
HEEN z 874 t 887 r 968 983 1,816 
Central African Republic..............- 221 268 270 e 260 e° 305 
Congo (Kinshasa) 295 14 r 12 1 551 
Congo (Brazzaville) ei? — — J... 816 918 800 NA NA 
Fh 8 378 25 282 254 ° 245 
Guinea ²⅛ ꝗœPꝓ¼Õ !“! 21 21 21 NA NA 
lvory e (( esse se Sce 120 119 110 e 105 e110 
[2 M ete SES A wre use 298 277 848 862 587 
Sierra Leone22sss eee ewe 585 658 629 560 e 560 
South-West Africa....... cesse sees 1,887 1,491 1,588 11.531 3 1,552 
een ß 83 ° 414 e4 ` 864 856 
South Africa, Republic of:¢ 
ION. ol ocu a K ĩͤ E 556 610 625 594 608 
Oth Beers Group eebe aa E 131 2,128 2,807 
er pipe mines 
FF 288 280 800 884 484 
Total, South Africa, Republic of... 1,790 1,948 2,485 t 8,056 8,899 
Total Africa... ..... erra t 6,628 r 6.440 r 7.477 t 7,976 8,931 
— ſ—— . —— — . ¿A ¿ ¿ ¿O j 
Other Areas: 
Brazil €g. zy . uaa 175 175 150 160 160 
UU O. SSO... ⁰ cs 60 45 87 41 28 
!( ek eee ct ween eee 2 1 4 2 5 7 
Indonesia 14 t 14 * 14 14 14 
ox. A Hee ) 8 800 1,000 1,200 1,400 1,400 
Venezuela 57 4 38 60 
f ͤ ⁵ A u, r 7,731 r 7.780 18.922 r 9,634 10, 600 
e° Estimate. P Preliminary. r Revised. NA Not available. 


1 Exports, fiscal year ending August 81. 
2 Probable origin Congo (Kinshasa). 


s Output of Consolidated Diamond Mines of South- West Africa Ltd. 


* Includes some alluvial from De Beers properties. 
š Totals are of listed figures only. 


GEM STONES 


Guyana.—The diamond production po- 
tential was discussed and reviewed in a 
recent paper. Production was primarily in- 
dustrial with a small quantity of gem 
grade and was from alleuvial deposits." 

India.—The Geological Survey of India 
has begun work to determine the feasibility 
of commercially extracting diamond from 
the pipe rock, conglomerates, and river 
gravels in Andhra Pradesh.“ 


Sierra Leone.—In November 1968, a 
mining agreement was reached between 
the Diamond Corporation West Africa Ltd. 
and the Sierra Leone Government wherein 
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the corporation would be the sole marketer 
and exporter of diamond produced under 
the Alleuvial Diamond Mining Scheme. 
The terms of the agreement require that 
the corporation pay an annual fee to the 
Government for these rights and forego the 
service fee paid for its operation of the 
Government Diamond Office. The agree- 
ment became effective at the beginning of 


1969.” 


Thailand.—Imports and exports of pre- 
cious and semiprecious stones for 1967 were 


published.* 


TECHNOLOGY 


Several papers were published concern- 
ing the development of kimberlite deposits. 
These papers presented theories and sup- 
porting data on the occurrence of diamond 
and other materials in kimberlite." 


5 Norwood, V. G. C. Guyana—an Expanding 


The refractive index of type I diamond 
has been shown to vary indirectly with 
pressure. A direct measurement technique, 
with the application of hydrostatic pres- 
sure, was used to make direct measure- 
ments to a pressure of 7 kilobars.? 


and Their Economic Significance. Econ. Geol., 


Source of Industrial Diamonds. Min. Mag., v. 
118, No. 3, March 1968, pp. 169—171. 

6 Journal of Mines, Metals & Fuels. Explora- 
tion for Diamonds in Andhra Pradesh. V. 14, 
No. 8, August 1968, p. 285. 

7 Bureau of Mines. Mineral Trade Notes. 
Diamond (Sierra Leone). V. 66, No. 3, March 
1969, p. 7. 

8 Bureau of Mines. Mineral Trade Notes. Gem 
stones. V. 65, No. 12, December 1968, pp. 18-19. 

® Crockett, Richard N., and Robert Mason. 
Foci of Mantle Disturbance in Southern Africa 


v. 63, No. 5, August 1968, p. 532-540. 

Dawson, J. B. Recent Researches on Kimber- 
lite and Diamond Geology. Econ. Geol, v. 63, 
No. 5, August 1968, p. 504—511. 

Kennedy, George C., and Bert E. Nordlie. The 
Genesis of Diamond Deposits (Abstract). Econ. 
Geol, v. 63, No. 5, August 1968, p. 495—503. 

10 Schmidt, E. D. D., L. Kirk, and K. 
Vedam. Variation of the Refractive Index of 
Diamond With Hydrostatic Pressure to 7 Kilo- 
bars. Am. Miner., v. 53, Nos. 7-8, July-August 
1968, pp. 1,404-1,406. 
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Gold 


By J. Patrick Ryan ! 


The most important event affecting gold 
producers and consumers in 1968 was the 
termination of gold sales in the London 
market by the central banks of the seven- 
nation International Gold Pool and the 
establishment of a two-tier price system— 
a fixed price of $35 per ounce for official 
monetary transactions and a floating 
market price for private transactions. This 
action became necessary to halt the heavy 
outflow of gold from official reserves to 
meet accelerated private demand stemming 
from monetary and political uncertainties. 

The United States by enacting legislation 
removing the 25-percent gold backing of 
Federal Reserve Notes effectively severed 
the last remaining link between the 
Nation's gold reserve and the amount of 
currency that can be issued. 

Domestic mine output of gold was 
slightly less than in 1967 reflecting con- 
tinuation of the copper strike, which cut 


off most of the byproduct gold production 
in the first quarter. Smaller output by the 
two major gold mines also contributed to 
the overall decline. 

World gold production increased slightly 
as gains in South Africa, Philippines, and 
the U.S.S.R. more than offset losses in the 
United States, Canada and most other 
countries. Gold output in the Republic of 
South Africa reached a new high. 

Gold reserves of non-Communist central 
banks and Governments declined for the 
third consecutive year indicating that pri- 
vate demand again exceeded new produc- 
tion. The continued heavy outflow of gold 
reduced the U.S. gold stock to the lowest 
level since September 1936. 

U.S. industrial consumption of gold con- 
tinued to expand reaching a record high 
for the seventh consecutive year. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient gold statistics 


1964 1965 1966 1967 1968 
United States: 
Mine FFC troy ounces.. 1,456 1,705 1,808 1,584 1,478 

J thousands.. 350, 971 359, 682 $63,119 $55, 447 1 $58,088 

Ore (ary and siliceous) produced: 

d ore...... thousand short tons 2,631 3,118 9,447 8,076 2,780 
Gold-silver ore.............. 98 224 206 248 157 199 
Silver ore do 542 752 669 617 655 

Percentage derived from 
Dry and siliceous ores . 54 54 58 69 63 
Base-metal ore s 37 40 87 27 84 
Placers-...- eee eke oS. 9 6 5 4 8 
Refinery production ? 
thousand troy ounces... 1,469 1,675 1,802 1,526 1,539 
Exports... oe ek es do.... 12,078 86,717 18,067 28,720 28,962 
Imports, general................ do 1, 169 2,905 1,200 980 5,944 
Stocks Dec. 31: Monetary 3... millions $15,471 $13,806 313, 235 312,065 310, 892 
Industrial: -thousand troy ounces.. 2,829 2,6 2,7 8,0 8,6 
Consumption in industry and the arts 
. thousand troy ounces.. 4,208 5,276 6,062 6,294 6,604 
w ooa; MON E average per troy ounce.. *$85.00 1 $35.00 4 $35.00 * $35.00 1 $89.26 
r 
Production-... -thousand troy ounces. 44,841 46,225 46,580 45,708 46,168 
Official reserves -2-2 --- millions $48,015 $43,230 $43,185 $41,600 $40,905 


i See U.S. Treasury price Jan. 2-Mar. 15, 1968, and Engelhard selling quotations Mar. 20-Dec. 81, 


2 From domestic ores—U.S. Bureau of the Mint. 
3 Includes gold in Exchange Stabilization Fund. 


‘Price under authority of Gold Reserve Act of Jan. 81, 1984. 


5 Held by free world central banks and governments. 
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Legislation and Government Programs.— 
Public Law 90-269 enacted in March 
removed the requirement that Federal Re- 
serve Notes and other U.S. currency have as 
a reserve backing 25 percent of their value 
in gold. The new law freed approximately 
$10.53 million in gold for use in the inter- 
national monetary system. 

Legislation ratifying an amendment to 
the International Monetary Fund (IMF) 
Articles of Agreement authorizing U.S. 
participation in the Special Drawing Rights 
(S.D.R.) plan was enacted in June. The 
new law (Public Law 90-349) known as 
the Special Drawing Rights Act, authorized 
the Secretary of the Treasury to issue 
S.D.R.’s for financing exchange stabiliza- 
tion operations. The S.D.R.’s are designed 
essentially to supplement gold in inter- 
national monetary transactions. 

In a step to conserve remaining gold 
reserves, the United States and other mem- 
bers of the International Gold Pool decided 
on March 17 to restrict sales of gold from 
monetary stocks to official use only and no 
longer to supply gold to the London or 
any other gold markets, thus establishing 
a “two-tier” price system—$35 per ounce 
for intergovernment transactions and a 
floating open-market price for private ac- 
count based on supply and demand. At 
the same time the U.S. Treasury terminated 
the purchase of gold from domestic pro- 
ducers and its sale to domestic consumers. 

The Bureau of Mines and U.S. Geologi- 
cal Survey continued their investigations 
under the Interior Department's Heavy 


Operator 


Continental Quicksilver 
Golden State Mining Co e 


Dickey Exploration Co 
Louie Clark, Et al 
Frank R. Ramsey 
J. P. Fuilham and A. F. Grant 
R.J. Kirkpatrick 
Dexter C. Mayne 
Floyd G. Robinson 
Geomineral Corp 
High Sierra Mining Co 
M &M Buchanan Gold Mining & Milling Corp 
Claude Lovestedt 
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Metals Program established in 1966. The 
program objective is to stimulate domestic 
production of gold and other metals in 
short supply by developing improved ex- 
tractive technology needed to economically 
exploit known large gold resources of sub- 
marginal grade, and by identifying areas 
geologically favorable for discovering new 
ore deposits, using advanced methods of 
search and analysis. 

The Bureau of Mines revised its 1964 
estimate of the Nation's gold resources 
and potential production to include the 
results of its exploration and research in- 
vestigations under the Heavy Metals Pro- 
gram. The study disclosed gold resources 
totaling 237 million ounces potentially 
producible at cost levels up to $130 per 
ounce of which about 37 million ounces 
were producible at a price near $42 per 
ounce quoted at yearend. The Bureau's 
Heavy Metals investigations also included 
an analysis of the potential production of 
gold from secondary sources, particularly 
electronic scrap, and the development of 
improved methods of recovering gold from 
such material. 

Nine contracts for gold or gold-silver 
exploration aggregating $233,340 were ex- 
ecuted during the year under the financial 
assistance program administered by the 
Office of Minerals Exploration, U.S. Geo- 
logical Survey. The Government share of 
the exploration cost was $175,005. The 
following project contracts were active or 
in force at yearend: 


County and State Total cost 
uuu Owyhee, Idaho $61,360 
3 Sierra, Cali 42,100 
. Sierra, Cat --.----- 81, 300 
„ Wilkes, Ga 22, 500 
. Baker, Oreg 84,400 
3 Mariposa, Cali 12, 000 
MER Plumas, Cali 23 ,000 
C Riverside, Cali . ` 4,000 
C Shasta, Cali 50, 000 
EE San Bernardino, Calif..... 20,000 
35353 Sierra Calif.............- 46,900 
5 Tuolumne, Cali 12, 200 
„ Churchill, Nev..........- 37,640 
NOTE San Bernardino, Calif..... 21,600 


$475,040 
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DOMESTIC PRODUCTION 


In 1968, mine production of recoverable 
gold in the United States declined for the 
second consecutive year owing to the loss 
of byproduct output at copper smelters 
resulting from a strike which extended 
through the first quarter. Output dropped 
nearly 7 percent in the year to 1.48 million 
ounces, the lowest production since 1964; 
but, because of an increase in the market 
price of gold, value of output was nearly 
9 percent more than in 1967. Production 
losses in Nevada and South Dakota were 
partly offset by a gain in gold output in 
Utah. These three States accounted for 
more than three-fourths of the total pro- 
duction. Two gold mines, Homestake and 
Carlin, contributed about 60 percent of 
the total U.S. gold production in 1968. 

Yuba Consolidated Gold Fields closed 
down its last dredge operating on the Yuba 
River in October. The closing of this 
last major source of gold in California 
ended an industry which began 120 years 
ago. 

Homestake Mining Co. reported? that 
1.9 million tons of ore was treated in 1968 
at its Homestake mine at Lead, S. Dak., 
from which 592,333 ounces of gold and 
136,916 ounces of silver valued at $22.1 
million was recovered, compared with $21.2 
million in 1967. 

Although the total quantity of gold 
produced decreased slightly, recovered 
value per ton was $12.23 compared with 
$11.18 in 1967. Metallurgical recovery was 
95.2 percent. The average price received 
for gold sold to licensed customers from 
March 17, when the U.S. Treasury ceased 
buying gold from domestic producers, 
through December 31, 1968 was $40.19 
per ounce. Measured ore reserves at year- 
end were 12.0 million tons averaging 0.319 
ounce per ton a net decrease of 1.3 million 
tons during the year. In addition, 1.5 
million tons of indicated ore averaging 
0.40 ounce per ton was reported. 

The Carlin Gold Mining Co. reported 
that gold production at its Carlin mine 


dropped nearly 17 percent to 280,000 
ounces owing to a decline in the grade of 
ore milled. About 777,000 tons of ore 
averaging 0.385 ounce per ton were milled 
compared with 759,000 tons averaging 
0.476 ounce per ton in 1967. Ore reserves 
at yearend were 6.4 million tons compared 
with 7.3 million tons at the end of 1967. 
The company indicated that an additional 
500,000 tons of refractory carbonaceous 
ore might be treated if pilot plant tests of 
a process for treating such ore developed 
by the Bureau of Mines proved economi- 
cally feasible. The company contracted to 
sell its impure bullion to American Metal 
Climax, Inc. (AMAX) for refining to 
commercial grade and sale to industrial 
users.” 

At the Mayflower mine in the Park City 
district, Utah operated by Hecla Mining 
Co., gold output declined 9 percent to 
about 59,000 ounces. The mine treated 
122,357 tons of ore averaging 0.53 ounce 
of gold per ton, 4.85 ounces of silver per 
ton, 3.96 percent lead, 3.22 percent zinc, 
and 0.88 percent copper. Estimated ore 
reserves at yearend totaled 309,000 tons 
compared with 331,000 at the beginning 
of the year.‘ 

American Exploration & Mining Co. 
completed mine development, design, and 
construction of a 1,700 ton-per-day mill 
at its Cortez property and began tuneup 
operations prior to the scheduled start of 
full-scale operations early in 1969. 

The 25 leading gold producers con- 
tributing 97 percent of the total domestic 
gold output comprised 4 lode gold mines, 
3 placers mines, 13 copper mines, 2 copper- 
lead-zinc mines, 2 lead-zinc mines, and one 
iron mine. 

Approximately 3,100 persons were em- 
ployed in the gold mining industry in 1968. 


? Homestake Mining Co. 91st Annual Report. 
Dec. 31, 1968, p. 6 


Pub Mining Corp. Annual Report. 1968, 


“4 Hecla Mining Co. Seventy-First A; nal Re- 
port. Dec. 31, 1968, pp. 9, 13. 
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Figure 1.— Gold production in the United States. 


CONSUMPTION AND USES 


Domestic consumption of gold as indi- 
cated by sales to fabricators of industrial 
and artistic products increased nearly 5 
percent to 6.6 million ounces, the seventh 
consecutive annual gain and a record high. 

Data compiled by the Office of Domestic 
Gold and Silver Operations, U.S. Depart- 
ment of the Treasury, indicated that about 
70 percent of the gold purchased .by in- 
dustrial consumers was used in fabricating 
jewelry and decorative products and in 
dental materials; the remainder was used 
chiefly in electrical and electronic com- 
ponents and other industrial products in- 
cluding space and defense equipment. 

Apparent annual domestic consumption 
of gold in industry and the arts increased 
about 80 percent since 1963 indicating a 
compounded annual growth rate over the 
5-year period 1963—68 of nearly 13 percent. 
Over this period total consumption was 
about 3.5 times domestic mine production. 


Almost all gold used was in the form of 
metal or alloys. Rarat gold, usually an 
alloy of gold and copper, forms the basis 
of high quality jewelry. Substantial quan- 
tities of gold also were consumed as electro- 
plate in jewelry and decorative articles, and 
in-electronic components in a wide variety 
of industrial products. Gold solders were 
used extensively in electronic devices and 
in dentistry. 

Liquid bright gold essentially an organo- 
gold complex containing some sulfur and 
a trace of rhodium, was used largely for 
decorative coatings on glass and ceramics 
and to a lesser extent in industrial and 
structural applications. Conductive gold 
pastes were used in microelectronic com- 
ponents to interconnect semiconductor 
active devices. 

Substantial quantities of gold brazing 
alloys were used in the aircraft industry 
and lesser amounts were consumed in the 


aerospace industry for thermal control 
surfaces, solid film lubrication surfaces for 
sliding electrical contacts, and meteorite 
detection. 

In the electrical industry gold was used 
in printed circuitry, connectors, semicon- 
ductor parts, low-current contacts, vacuum 
tubes, subminiature and microminiature 
circuits for computers, and other sophisti- 
cated electronic installations. The growing 
application of gold in alloys, clad metals, 
or electroplate in communications and 
other electronic components, and in aero- 
space equipment, is based on such prop- 
erties as high electrical conductivity, high 
heat and light reflectivity, superior malle- 
ability, and corrosion resistance. In most 
of its industrial applications, especially 
where functional reliability is paramount, 
there is no satisfactory substitute for gold, 
notwithstanding its relatively high price. 

Gold-plated carbon steel was used in 
miniature piston actuators developed by 
U.S. Time Corp. to puncture metal dia- 
phragms to release high-pressure gas in 
aerospace systems. The devices are explo- 
sive-actuated. 

A gold-tin eutectic soldering paste de- 
veloped by Alloys Unlimited, Inc., may 
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reduce the cost involved in handling foil 
preforms in the semiconductor industry. 
It can be applied by dotting, banding or 
screen-printing. 

Goodyear Aerospace Corp. used thin 
transparent gold coatings in a new process 
for making heated acrylic windows and 
windshields that will keep them free from 
ice and fog. Gold was employed because 
it 1s one of the best conductors of electricity 
and because its atomic structure renders it 
transparent in the thin state. The gold 
gives off enough heat when an electric 
current is passed through the thin film to 
keep the exterior surface above the freezing 
point of water even though the outside 
temperature is 65? F below zero. Goodyear 
used the process to produce heated windows 
for the Boeing 747 aircraft. 


A neutral gold-plating process developed 
by Sel-Rex Corp. was used to provide 
dense uniform deposits to protect special 
test electrodes on the Delta launching 
vehicle from oxidation and electrochemical 
disturbances. The instrument packages on 
which the electrodes function are used to 
measure electrification both inside and out- 
side the rocket. 


STOCKS 


Monetary.—The total U.S. gold stock, 
including gold in the Exchange Stabiliza- 
tion Fund, fell $1,173 million to $10,892 
million at yearend, the lowest level since 
September 1936. The heavy outflow of 
gold occurred in the first 5 months and 
resulted largely from private speculative 
demand following devaluation of the pound 
Sterling and to a lesser extent to settlement 
of international trade balances. The 1968 
gold loss was about the same as in 1967 
and was equivalent to about 33.5 million 
ounces. The U.S. balance-of-payments posi- 
tion to which gold losses are closely related, 
measured on a liquidity basis, showed a 
surplus of $158 million owing essentially 
to a sharp rise in the inflow of foreign 
capital, compared with a deficit of $3,571 
milion in 1967. The U.S. gold tranche 
position in the I.M.F. which represents 
the amount that the United States could 
draw in foreign currencies, was $1,290 
million at yearend. 

Gold reserves of non-Communist central 
banks and governments and international 
banking institutions at yearend were esti- 


mated at $40,905 million compared with 
$41,600 million at yearend 1967. This was 
the third consecutive decline in official 
reserves in recent years, indicating that 
gold was supplied from monetary reserves 
in addition to new production to meet 
private demand. Accelerated private de- 
mand which reached a peak in March led 
to the termination of gold sales to private 
interests by the seven countries comprising 
the International Gold Pool. 

Recognizing the inadequacy of new gold 
production and reserves to provide needed 
liquidity in international trade and balance- 
of- payments transactions, the IMF pro- 
posed the creation of Special Drawing 
Rights (S.D.R.’s) to supplement gold in 
international transactions. The adoption 
of the S.D.R. plan required approval of the 
majority of I.M.F. member countries. 

The U.S. gold reserve of $10,892 million 
represented about 27 percent of the total 
official gold reserve of non-Communist 
countries, 2 percent less than that of a 
year ago. Gold reserves of other principal 
non-Communist countries at yearend in 


534 


million dollars, were as follows: West Ger- 
many, 4,539; France, 3,877; Switzerland, 
2,624; Italy, 2,923; Netherlands, 1,697; 
Republic of South Africa, 1,243; Belgium, 
1,524; United Kingdom, 1,474 and Canada, 
863. The International Monetary Fund’s 
gold reserve was 2,288 million.“ 

U.S. short-term liabilities to foreign cen- 
tral banks and other foreign interests pay- 
able in dollars, reported by banks in the 
United States, increased $863 million to 


45,000 


MINERALS YEARBOOK, 1968 


$31,158 million. These liabilities are poten- 
tially convertible to gold. More than one- 
half of the total liabilities were payable to 
West European countries.? 


Industrial.— The quantity of gold held 
in inventories of domestic refiners and 
fabricators increased 531,000 ounces to 
3,617,000 ounces at yearend, according to 


5 Federal Reserve Bulletin. V. 55, No. 6, June 


1968, pp. A-70 to A-87 
€ Work cited in footnote 5. 
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Figure 2.— Gold reserves of free world central banks and Governments. 


the Office of Domestic Gold & Silver 
Operations, U.S. Department of the Treas- 
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ury. In the 5-year period industrial in- 
ventories of gold increased 70 percent. 


PRICES 


The U.S. buying and selling price of 
gold remained unchanged at $35 per 
ounce until March 17, after which all 
purchases and sales for private accounts 
were terminated. This action was prompted 
by the heavy outflow of gold from official 
reserves stemming from monetary uncer- 
tainties following devaluation of the British 
pound and the political crisis in France. 
In a step to conserve remaining reserves, 
the United States and other members of 
the International Gold Pool agreed to 
restrict sales from monetary stocks to 
official use only and no longer to supply 
gold to the London or any other market, 
thus establishing a 'two-tier" price system 
—$35 per ounce for intergovernment trans- 
actions and a floating open-market price 
for private account based on supply and 
demand. 

When the two-tier market was estab- 
lished on March 17, the U.S. Government 
asked Engelhard Minerals & Chemical 
Corp. to quote a daily price. The firm 
initiated a buying quotation—the lowest 
price at which it could obtain sufficient 
gold of 99.95 percent purity to meet its 
requirements. A selling quotation 60 cents 
above the buying price, later reduced to 
40 cents was also established. The estab- 
lishment of a market essentially free of 
government influence resulted in price 
levels 15 to 20 percent above the official 
price. The average weekly free-market 
gold price (buying) quoted by Engelhard 
fluctuated in a range between $37.55 and 
$42.81 an ounce and at yearend was 
$42.30. The average calculated price for 
the full year was $39.26. 

On the London market the final setting 
price based on the U.S. official price of 
gold generally ranged between $35.15 and 
$35.21 an ounce until the market closed 
on March 15. After the market reopened 
on April Ist the average weekly price of 
gold fluctuated between $37.31 in the first 
week of April to a high of $41.88 in May, 
closing the year at $41.60. 

The price of gold bars ranged consider- 
ably higher in other foreign gold markets 
than in London, reflecting local political 
conditions and unofficial exchange rates. 
Prices at yearend were $42.50 per ounce 


at Beirut, $43.25 at Paris, $44.00 at Hong 
Kong, and $57.60 at Bombay. Market 
prices were affected by the uncertainties 
created when the Republic of South Africa 
temporarily withdrew from the gold market. 

Premiums on gold coins over their 
gold content generally declined following 
establishment of the open-market price, 
except for the U.S. 20-dollar double eagles, 
on which the premium increased 2 ½ per- 
cent to 50% percent at yearend and the 
20-franc Napoleons which closed at a 
premium of 6214 percent, about the same 
as the beginning of the year. Premiums 
on other coins quoted by London bullion 
dealers at yearend in percent, were: Sover- 
eigns (Queen Elizabeth) 1174; Italian 
20-lire, 5534; Belgian 20-franc, 5534; Swiss 
20-franc, 58/4; and German 20-mark, 
5634. 

The relationship of gold to the inter- 
national monetary system and the need 
for maintaining the fixed $35 per ounce 
official price and the convertibility of the 
dollar into gold at that price were re- 
emphasized during 1968 by Treasury and 
other Government officials. An official U.S. 
pronouncement on gold policy was made 
by Treasury Secretary Fowler on Sept. 24, 
1968, as follows: 

.. . I would like to outline the cen- 
tral points underlying the policies of 
the United States on gold. 

First, the U.S. believes that gold 
has, and will continue to have, an 
important role in the system. Existing 
gold reserves are about $40 billion. 
This is more than half of total inter- 
national reserves. The loss of these 
monetary reserves or a substantial 
diminution in their value as mone- 
tary reserves would be undesirable. 
Their relative proportion in world 
reserves will dimish over time, but 
they will continue to be a key ele- 
ment in international liquidity and in 
the operation of the international 
monetary system. 

Second, the U.S. believes that the 
maintenance of the existing official 
price of gold for monetary purposes 
and the convertibility of the dollar 
into gold at that price is the back- 
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bone of the monetary system; that to 
increase or decrease the official price 
of gold would be a highly destabilizing 
factor; that any change in the official 
price of gold would result in gross 
inequities and would needlessly en- 
danger the international economic 
cooperation built up over the post war 
period. 

Third, the U.S. believes we can no 
longer rely on gold production as a 
source of future additions to inter- 
national liquidity. The Special Draw- 
ing Rights facility under the IMF is 
designed to meet this need. 

Fourth, the U.S. believes that 
neither gold, nor gold markets, nor 
gold speculators should be permitted 
to unsettle and interfere with inter- 
national economic stability. Nor should 
the international monetary system— 
or the world economy—be placed at 
the mercy of arbitrary forces that 
would result from sole or undue reli- 
ance on gold for monetary reserves. 

A key premise of both the Wash- 
ington Communique establishing the 
two-tier gold system and the adoption 


of the Special Drawing Right pro- 
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posal at Stockholm was that the mone- 

tary price of gold would remain 

unchanged. This premise, abundantly 
evident, has still apparently not been 
understood or accepted by some. 

With respect to the use of gold and 
S.D.R.’s in the international monetary 
system Managing Director Schweitzer 
stated at the annual meeting of the Inter- 
national Monetary Fund in September: 

While special drawing rights will, 

I expect, eventually become a major 

component of international reserves, 

it is important at this stage to do 
nothing to undermine, and to do what- 

ever is possible to strenghten, the . 

traditional reserve components. The 

new facility is intended, when the need 
arises, to supplement, not to sup- 
plant, gold and foreign exchange. 

This is no more than common sense. 

Gold is a traditional means of inter- 

national settlement and a point of 

reference for the values of national 
currencies. The value of special draw- 

ing rights is guaranteed in terms of a 

weight of gold. More than one half 

of all monetary reserves consists of 
gold, and it continues to be the basic 
element in the world monetary system. 


FOREIGN TRADE 


Heavy shipments of gold abroad from 
the U.S. Monetary Stock to meet private 
demand, and balance-of-payments transfers 
in March and June resulted in a net ex- 
port trade in 1968, the eighth consecutive 
year that exports exceeded imports. Net 
exports totaled 18.0 million ounces com- 
pared with 27.8 million ounces in 1967. 


About 96 percent of the total gold exported 
was shipped to the United Kingdom and 
nearly all of the remainder went to Singa- 
pore, Syrian Arab Republic, and Belgium- 
Luxembourg. Of the total imports of gold, 
Canada supplied 60 percent; nearly all 
of the remainder came from 21 other 
countries. 
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Figure 3.—Net exports or imports of gold. 


WORLD REVIEW 


World production of gold increased 
about 2 percent in 1968 to 46.2 million 
ounces, valued at $1,813 million. Produc- 
tion gains in the Republic of South Africa, 
the Philippines, and the U.S.S.R. more 
than offset declines in the United States, 
Canada, Ghana, Australia, and most other 
foreign countries. 

Non-Communist consumption of gold in 
industry and the arts continued to grow 
and is estimated to have reached a level 
near 22 million ounces in 1968, about 
48 percent of production. 

Gold reserves of central banks and 
governments, excluding Communist-bloc 
countries, declined for the third successive 
year but the overall loss in 1968 of $695 
million was less than one-half that in 1967. 
Official monetary reserves dropped sharply 
in the first quarter but after market sales 
were terminated by the Gold-Pool coun- 


tries, reserves increased to about $40,905 
million at yearend. 


Canada.—Although gold production de- 
clined for the eighth consecutive year in 
1968, Canada continued to rank as the 
third largest producing country. Output 
dropped to 2.75 million ounces, valued 
at nearly $113 million, about 10 percent 
less than in 1967. The average price per 
ounce paid the Canadian mint for newly 
mined gold was $37.71, about the same 
as in the preceding 3 years. 

Five lode gold mines with an estimated 
annual production of more than 200,000 
ounces of gold closed in 1968 as minable 
ore reserves were depleted. Two lode gold 
mines commenced production in 1968. 
Thirty-five lode mines were operating at 
yearend. All but five of these mines re- 
ceived financial assistance under the pro- 


538 


SO 


45 


40 


Ol Ol 
O Or 


no 
OQ 


GOLD, million troy ounces 


5 Canada — —— I 
`` S me 9° —.——.—..———.—— — 
=. SS U.S.S.R. 
O "tsch? United States, , , , | * 5 
1940 945 1950 1955 1960 1965 i970 
Figure 4.—World production of gold. 
visions of the Emergency Gold Mining m 
° O 
Assistance Act (EGMA). Province or Territory ee 
The Hollinger mine, Canada’s premier 1967 1968 
gold mine, closed in March after having 
Atlantic Provinces.... 26,911 10,103 
produced gold valued at more than $580 Quebec____________-_- 830,912 144,853 
million since 1912. The Preston mine, with Ontario... 5 1,500,149 1,370,866 
a production record of $57 million in gold, British Columbia. KR 121191 116/520 
1 1 i irk- ukon- .------------- 14,216 23,240 
closed in April. Tech Hughes, in the Kirk Northwest Territories 310,625 340, 678 
land Lake district, also closed after having Eeer 
Nota! 2,961,999 2,688,018 


produced $108 million in gold since 1917. 
Surluga mines in Ontario began operation 
at its 750-ton-per-day plant in Ontario 
on a developed reserve of 277,000 tons of 
ore averaging 0.25 per ton. 


Geographic distribution of gold produc- 
tion in Canada follows: 
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World total 


Source: Dominion Bureau of Statistics. V. 38, No. 
12, March 1969. 


Lode gold mines contributed about 81 
percent of the total production; nearly all 
of the remainder was recovered as a by- 
product from base metal mines. Gold 


recovery from placer operations was less 
than 1 percent. Average employment at 
lode gold mines was about 9,000 persons. 
Giant Yellowknife Mines, Ltd., and inte- 
grated subsidiaries, the leading gold pro- 
ducer in 1968, reported a significant gain 
in tons milled and gold output. The 
company milled 374,717 tons of ore 
averaging 0.63 ounce per ton yielding 
210,358 ounces of gold and 24,627 ounces 
of silver with a total value of $8.8 million. 
Metallurgical recovery dropped slightly to 
88.5 percent. Operating costs increased 
$0.48 to $16.08 per ton milled at yearend. 
Reserves of developed ore at the Giant and 
contiguous mines totaled 1.69 million tons 
averaging 0.72 ounce compared with 2.04 
million tons averaging 0.70 ounce per ton 
in 1967. A major part of the company’s 
production from contiguous mines received 


cost aid under the EGMA 


Dome Mines Ltd. reported small gains 
in gold production at its Dome and Camp- 
bell Red Lake mines. At the Dome mine 
the company milled 712,900 tons yielding 
180,668 ounces of gold valued at $6.91 
million. Operating costs increased 57 cents 
per ton to $10.81, this was equivalent to 
$42.67 per ounce of gold compared with 
$40.48 in 1967. Dome ore reserves were 
estimated at 1.93 million tons averaging 
0.27 compared with 2.03 million tons of 
the same grade at the end of 1967. Pay- 
ments received under EGMA averaged 
$8.88 per ounce. At the Campbell Red 
Lake Mine 261,768 tons averaging 0.70 
ounce per ton were milled yielding 183,127 
ounces of gold valued at $7.98 million. 
Estimated ore reserves at Campbell year- 
end totaled 1.29 million tons averaging 
0.69 ounce per ton, an increase of 9,100 
tons over last year. Operating costs were 
$11.36 per ton milled, 90 cents per ton 
more than in 1967.° 

Kerr-Addison Mines Ltd. reported a 10- 
percent drop in gold output to 179,943 
ounces in 1968. Average daily tonnage 
treated at its Kerr-Addison Mine declined 
from 1,417 in 1967 to 1,395 in 1968 with 
an average grade of 0.36 ounce per ton 
compared with 0.39 ounce in 1967. The 
company sold about 40 percent of its gold 
output under EGMA to the Mint at a price 
of $42.51 per ounce including a $4.61 
assistance payment. The remainder was 
sold at the free market price of $43.37 per 
ounce. At yearend, estimated ore reserves 
were 3.25 million tons averaging 0.46 
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ounce of gold per ton compared with 3.75 
million tons averaging 0.45 ounce a year 
earlier. About 700 persons were employed. 
From the commencement of milling in May 
1938 to the end of 1968, 8.62 million 
ounces of gold valued at $309.48 million 
were produced from 32.47 million tons of 
ore with an average gold content of 0.27 
ounce per ton.“ 


Colombia.— International Mining Corp. 
reported production from its dredging 
operations and its underground mine of 
100,473 ounces, about 8 percent less than 
in 1967 and approximately 42 percent of 
the country’s total output. A small dredge 
began operations in August making a total 
of four dredges operating in the Depart- 
ments of the Choco and Narino during 
the year. About 15.5 million cubic yards 
were dredged. Proven reserves at yearend 
were 163.7 million cubic yards averaging 
18.8 cents per yard compared with 173.2 
million yards averaging 17.2 cents per 
yard at the end of 1967. Production and 
earnings declined at the Frontino mine.“ 

Pato Consolidated Gold Dredging Ltd., 
controlled by International Mining Corp. 
reported a 13-percent drop in gold output 
to 76,684 ounces. The company operated 
five dredges in the Nechi river area during 
the year, treating 25.6 million cubic yards 
of gravel averaging 11.4 cents per yard 
compared with 26.6 million yards averag- 
ing 12.6 cents per yard in 1967. At year- 
end, total workable reserves, both fully 
developed and partially developed, totaled 
267.1 million cubic yards with an average 
unit value of 15.9 cents equivalent to about 
10 years of operations under the present 
economic conditions.” 


Philippines.—Gold production rose for 
the fifth consecutive year in 1968 to the 
highest level since 1942. Total output was 
527,355 ounces, about 7 percent more than 
in 1967. Of the major gold producers, 
Benguet Consolidated produced 260,168 
ounces; Lepanto Consolidated, 88,505; 
Itogon-Suyoc Mines, 55,838; and Philex 
Mining Corp. 37,518 ounces. 


7 Giant Yellowknife Mines Ltd. Annual Report. 
1968, pp. 3-6. 

8 Dome Mines Ltd. Report to Shareholders, 
1968, including copies of reports of Sigma Mines 
(Quebec) Ltd. and Campbell Red Lake Mines 
Ltd. DM. pp. 12-15; C.R.L.M. pp. 10-11. 

® Kerr-Addison Mines Ltd. Annual Report. 
1968, 15 pp. 

10 International Mining Corp. Annual Report. 
1968, pp. 5—6. 

11 Pato Consolidated Gold Dredging Ltd. Thirty- 
fifth Annual Report. 1968, 9 pp. 
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Table 14.—World producers of aluminum 


(Thousand short tons) 


Country, company, and plant location 


Annual 
capacity, 
end 1968 


FREE WORLD 


Participants 


NORTH AMERICA 
United States: 
Aluminum Company of America (Alcoa): 


Massena, N.Y FU 
Point Comfort, Tꝶ kn t 
Rockdale, ek n 
Vancouver, Was 
Wenatchee, Was 


Reynolds Metals Co. 
Arkadelphia, Ar kk 
Jones Mills, Ark — 22 eee 
Listerhill, Al er uod ES EET 
Longview, Wash... AAA N 
/ A§;ê²Ü mx 
San Patricio, Te g .. . .. . . . . ...-.- 
Troutdale, Oreg.........---..------------ 


Kaiser Aluminum & Chemical Corp. 
Chalmette, La e eee 
Mead, Was U -2-22 -.--2----- 


Tacoma, Wash. MONEO RETIRER 
dk RE 


Anaconda Aluminum Co., Columbia Falls, Mont 

Consolidated Aluminum Corp. (Conalco), New 
Johnsonville, Tenn. 

Harvey Aluminum, Inc., The Dalles, Oreg......- 


Intalco Aluminum Corp., Bellingham, Wash ` 


Ormet Corp. (Ormet), Hannibal, Ohio. ......... 


Total United States 


Canada: 
Aluminum Company of Canada, Ltd.:! 
Arvida, Quebe 
Isle Maligne (Alma), Quebec 
Shawinigan, Q 
Beauharnois, Qu ebe -.--------------- 
Kitimat, British Columbia 


Canadian British Aluminium Co. Ltd. (CBA), 
Baie Comeau, Quebec. 
dk d REN 
Mexico: 
Aluminio, S.A. de C.V., Vera Cruz 
Total North America. ..............-...-.-... 
SOUTH AMERICA 
Brazil: 
Aluminio Minas Gerais, S. A., Saramenha........ 
Cia. Brasileira de Aluminio S. A Wo B.A.), 


Sorocaba, Saó Paula. 


See footnote at end of table. 


The Anaconda Company 
Swiss Aluminium Ltd. (A lusuisse). 


Harvey 49 percent, Martin Marietta 
Corp. 41 percent. 

American Metal Climax, Inc. 50 percent; 
Howmet Corp. 25 percent; Péchiney 
Enterprises, Inc. 25 percent. 

Olin Mathieson Chemical Corp., 50 per- 
cent; Revere Copper & Brass Corp., 
Inc. 50 percent. 


Alcan Aluminium Ltd. (Alcan). 


Reynolds Metals 83.5 percent; Tube 


Investments Ltd. 16.5 percent. 


Alcoa 49 percent, Government 51 percent. 


Alcan. 
Government 20 percent; 
Group 80 percent. 


Votorantim 


moderate increase in tons milled, yield 
per ton, working revenue, working costs, 
and working profits. Tons milled totaled 
2.4 million yielding 0.46 ounce per ton at 
a working unit cost of $6.58. Yearend 
ore reserves remained unchanged at 9.5 
million tons averaging 0.52 ounce per ton 
across a stoping width of 59 inches. Kinross 
Mines in the first full year of production 
treated 1.4 million tons of ore yielding 
0.34 ounce per ton at a working cost of 
$7.21 and a working profit of $5.16 per 
ton. Development footage dropped to 
54,109. Of 14,470 feet sampled 6,090 feet 
proved payable at an average of 364 inch- 
dwt. Ore reserves at yearend increased 
700,000 tons to 2.3 million tons but aver- 
age grade and width were down slightly 
to 0.36 ounce per ton across 48 inches.” 
Consolidated Gold Fields Ltd. reported 
that gold production at its 10 operating 
mines increased to 5.4 million ounces, equiv- 
alent to 18 percent of the total South Afri- 
can gold output. The Group's five producing 
mines on the West Wits Line—West Drie- 
fontein, Doornfontein, Libanon, Venterpost 
and Kloof—contributed 94.5 percent of the 
working profit. The Kloof mine began pro- 
duction in January, and preparatory work 
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was begun at the new East Driefontein Mine 
during the year. The company stated that 
gold production at West Driefontein 
reached a record of 2.5 million ounces 
notwithstanding the flooding in the No. 4 
shaft area which curtailed operations after 
October 26. The milling rate was expected 
to be restored to about 85 percent of 
capacity by July 1969. Owing to delay in 
shaft sinking, the iiloof mine will achieve 
a milling rate of 100,000 tons per month 
by January 1969 some 6 months later than 
forecast. It is expected that the milling 
rate will be increased to 180,000 tons per 
month in the last quarter of 1969. 

At East Driefontein extensive drilling 
has indicated an ore reserve of 85 million 
tons with an average grade of 0.52 ounce 
per ton. Three reefs will be worked and 
initial underground development is being 
carried out from the West Driefontein 
No. 4 Shaft. The company, which holds 
a 32-percent interest in East Driefontein, 
stated that ore milling will begin at a rate 
of 50,000 tons per month in 1971 and will 
be increased progressively thereafter to the 
maximum planned rate of 200,000 tons per 
month by 1976.“ 


TECHNOLOGY 


The Bureau of Mines reported significant 
progress under its Heavy Metals Program 
the purpose of which is to stimulate gold 
production by improving techniques of 
extracting gold from ores not amenable 
to conventional treatment methods. A tech- 
nically feasible process of recovering gold 
from refractory carbonaceous ore by chemi- 
cal and electrolytic oxidation treatment 
prior to cyanidation was demonstrated. 
The gold occurring in ore as organic 
compounds was liberated by oxidation 
using sodium chloride which passivates 
the absorptive properties of the ore. Gold 
recovery of over 90 percent was obtained 
by subsequent cyanidation on ores contain- 
ing 0.3 ounce per ton as compared with 
only 6 to 32 percent extraction obtained by 
direct cyanidation with oxidation pretreat- 
ment. If scaled-up pilot plant tests prove 
commercial feasibility, gold reserves could 
be substantially increased and production 
expanded. 

Laboratory tests by the Bureau of Mines 
disclosed that sea water contains about 11 
parts of gold per trillion parts or 0.001 


cent worth per ton. Initial concentration 
of the gold was accomplished by solvent 
extraction followed by evaporation of the 
gold-laden organic for further concentra- 
tion and atomic adsorption analysis of the 
gold in the concentrated organic. Radio- 
active gold-195 was added to the sea 
water to monitor the gold through the 
preconcentration and analytical steps. The 
experimental results effectively demon- 
strated that in any solvent extraction 
process the solvent losses would be many 
times the value of the gold recovered. 

A new gold and silver detector using 
californium 252 as a neutron source was 
developed by the Atomic Energy Commis- 
sion and the U.S. Geological Survey. When 
metals such as gold and silver are bom- 
barded with neutrons they give off char- 
acteristic gamma rays which identify the 
metals present. The detector is useful in 
logging samples containing small amounts 


of gold and other metals. 


13 Union Corp. Ltd. Report and Accounts for 
the Year ended 81 December 1968. 

14 Consolidated Gold Fields Ltd. 81st Annual 
Report. 1968, pp. 22-26. 
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Westinghouse Electric Corp. developed a 
new process using titanium and gold films 
to increase substantially the reliability of 
integrated circuits assembled from separate 
components—transistors, resistors, capaci- 
tors, diodes, and their connecting wires. 
Essentially the new technique is a three- 
step process which seals the integrated 
circuit more effectively against its environ- 
ment, against chemical instability, and 
against certain electrical changes. The new 
"Goldilox" integrated circuits are reported 
to be sealed so well that they have oper- 
ated under water for more than an hour. 

Preliminary tests by the Bureau of Mines 
showed that satisfactory recovery of gold 
can be obtained from relatively coarse 
sized, oxidized sedimentary ores by heap 
leaching with cyanide. Capital expendi- 
tures and operating costs for this method 
are much less than for conventional cya- 
nide milling. The method could apply to 
deposits that are either too small or too low 
grade to warrant construction of a con- 
ventional mill and for low-grade portions 
of gold deposits where simultaneous opera- 
tion of existing mills and heap leaching 
could increase treatment capacity and out- 
put at little additional expense. 


A new method of detecting traces of 
mercury in rocks, soils, and waters that 
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are rich in organic matter was developed 
at the Colorado School of Mines. This new 
geochemical tool utilizes an atomic absorp- 
tion spectrometer after hot acid digestion 
of the samples for rapid measurement and 
analysis of many heavy metals and may 
prove to be a major refinement in geo- 
chemical exploration for a variety of metals 
including gold and silver. 

IBM and Sel-Rex Corp. developed an 
acid-type gold plating process which pro- 
vided better metallurgical characteristics 
than was obtained previously by a cyanide- 
type bath for gold plating printed circuits. 
The new process, a modification of the 
Sel-Rex Autonex process, was adopted for 
IBM automated gold plating operations. 

The Bureau of Mines developed a process 
for recovering gold and refining tin-lead 
solders from scrap solder discarded by the 
electronics industry. Contaminated solder 
was refined by electrotransport in a molten- 
salt chloride electrolyte. Refined solder was 
recovered at the cathode and gold and 
other metal impurities were concentrated 
at the anode. Gold concentration was in- 
creased from 60 to 15,000 ounces per ton 
without any significant loss. The gold was 
then reclaimed by conventional fire-refining 
methods. 


Table 2.—Mine production of recoverable gold in the United States, by months 


(Troy ounces) 


Month 1967 1968 Month 1967 1968 
Januar 145, 433 90, 524 August 118, 137 145, 578 
February..........- 145,846 82,615 September 114, 879 134, 628 
Maren 160, 756 85,054 October..........- 119,187 138,534 
April... . geee 147,570 131,259 November 104, 097 121, 615 
TT 138,951 137,704 December 102, 895 122, 992 
June 151, 185 133, 158 
TC (( iasosaida 135,251 154, 631 Total 1,584,187 1,478,292 


— . — 
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Table 4.—Mine production of recoverable gold in the United States, by States 


(Troy ounces) 


State 1964 

///. ³˙¹ Ae 58,416 
Rate EEN 153,676 
California 71,028 
Colorado 42, 122 
. ĩðB³ ⁰ xZ25ss2 5,677 
Montana... 29,115 
lege, 90,469 
New Mexico 6,110 
e EE 661 
Pennsylvania..................- 194,308 
South Dakota. 616,913 
Tennessee 133 
Utah. ẽ¾inem y eee oe 287 , 674 
Washington () 
Wyoming 

Total. ³⁰˙ eee 1,456,308 


1 Production of Pennsylvania and Washington combined to avoid disclosing individual company confidential 


1965 


1,705,190 


1,803,420 


1,584,187 


1,478,292 
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Table 5.—Production of gold in the United States, by States, by type of mine, 
and by class of ore yielding gold, in terms of recoverable metal, in 1968 


! Includes Pennsylvania and Washington. 
2 Less than 14 unit. 
3 Source: U.S. Bureau of the Mint. 


‘Includes byproduct gold recovered from tungsten ore. 
5 Includes byproduct gold recovered from magnetite-pyrite ore. 


Lode 
State Placer Gold ore Gold-silver ore Silver ore 
Moy ounces 
gold) | ———————————— c P HQN ———————— 
Short tons Troy ounces Short tons Troy ounces Short tons Troy ounces 
of gold of gold of gold 
Alaska. 21,124 100 138. lnscn | Meee es ⅛ð . ĩð d reel dE 
Arizona 72 68 59,762 109 491 6 
California 13, 143 3,264 1, 546 3,075 152 269 70 
olorado 1,707 351 125 2,355 381 70,292 284 
Idaho............ 6 124 136 27 77 479, 476 793 
Montana......... 22 225 142 12,888 1,622 53,444 988 
Nevada 37 777,346 200, ͥ Zulu sS Ga 27,014 224 
New Mexico ͤùͥĩÜ¹˙w Dente. 8,086 1.047 uz Zeg ear 
Oregon „ , ð / yd y 
South Dakota 1,021 1,921,653 LE ME x y 
1 ` EN, AE, ` ilc n Äàdddyddd ĩͤ d ĩ 
Uta. esas uus c ⁊ͤ v ES eden es 118,117 1,045 23,819 679 
Other States 16,631 52 Oli uc xeu Beetles, A ⁵ĩ E UE EU 
Total 37,102 2,779,781 927,045 198, 805 4,433 654,805 8,044 
Percent of 
total gold 8 63 (2) (?) 
Lode 
Copper ore Lead ore Zinc ore 
Short tons Troy ounces Short tons Troy ounces Short tons Troy ounces 
of gold of gold of gold 
Alaska etc Lxx eee. seamen Groans 
Arizona 76, 612, 638 S ĩ ˙ ³ nm.... d 8 
California 52 4 5,933 DA coton ⁵³² E adi 8 
Colorado 1,397 6 1,217 114 257,871 495 
Idaho 32,310 791 156,107 711 19, 259 9 
Montana 10, 079, 643 9,769 4,94 BAO. eee sss tec Sale 
Nevada 10,671,047 36,004 8,769 36 1,151 4 
iod oe 3 6, 685,066 Wa 43 1 63,728 278 
South 1 JD! e ß ß ñ ß , E EA aS 
FI ²̃ ͤſnil ĩð ꝰ«U)½. ð 7mm ß ß asa ⁊ĩᷣx h km tbc E SE 
Utah... Sc cet ee 28,344,008 264,731 887 JJC ͤ ĩͤ-vv ee os 
Other States J½%%%o% ³ ³Äm us. ]ð2 seca: 363,078 4 
Total 132, 427, 013 405,723 177,396 1,449 705,082 790 
Percent of 
total gold. 27 (2) (2) 
Lode 
Refinery 
Lead-zinc produc- 
copper-zinc, and Old tailings, etc. Total tion ? 
copper-lead-zinc ores (troy 
— — —ę—ä—ö— ũ b. — ounces 
Short tons Troy ounces Short tons Troy ounces Short tons Troy ounces of gold 
of gold of go of gol 
Ef / T 8 21,262 12, 500 
Arizona 118, 152 5,278 45,995 1,115 76,837,110 95,999 99,190 
California 63,297 493 285 1174 76,175 15,682 15,280 
Colorado 719,929 19,467 1,788 59 1,055,200 22,638 20,750 
aho............ 665,371 702 4 2 1,352,719 8,227 3,200 
Montana 86 68 19,944 325 10, 171, 448 13,385 16,450 
Nevada 68,239 69 20 788 11,553,586 317,382 328,450 
adel oe 3 64,994 340 46 2 6,816,968 6,630 1,680 
Ee ee ͤ ͤ eege ` Af utc ELE 843 28 20 
South | Dakota sa ,, . EEN 1,921,653 593 , 052 621,980 
Tennessee 1,624,400 J.. 8 1,624, 400 140 130 
Utah............- 556,288 67,193 90,741 697 29, 078, 360 384,419 333,740 
Other States 197,882 OU B40! Lunes 1A 7, 610 5 54, 453 84, 890 
Total 4,079,421 95,699 98,864 3,107 141,121,167 1,478,292 1,539,250 
Percent of 
total gold. 6 (?) 100 
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Table 6.—Gold produced in the United States from ore, old tailings, etc., in 1968 
by States and methods of recovery, in terms of recoverable metal 


Total 
ore, old 
tailings, 

ete., 
State treated 1 

(thou- 

sand 

short 

tons) 
Alaska. 2 
Arizona 96,196 
California 7 
Colorado 1,056 
Idaho. ------- 1,710 
Montana. .....------—- 10,215 
Nevada 11,650 
New Mexico..........- 7,001 
Oregon 
South Dakota. 1,922 
Tennessee 5, 969 
Lë. EE 29,079 
Other States 639 

Total.......---- 165,514 


Ore and old tailings to mills 


Crude ore, old 


Recoverable Concentrates tailings, etc., 
in bullion smelted and to smelters 
recoverable metal 
Amalga- Cyani- Concen- Thou- 
mation dation trates Troy sand Troy 
(troy (troy (short ounces short ounces 
ounces) ounces) tons) tons 
NOME s 59 138: sted uum 
35 am _..-. 2,507,093 90,517 397 5,478 
862 11 15,21 1,016 7 650 
22020 uic 141,078 18,091 8 313 
S 191,534 2,908 64 235 
MES 248,056 9,953 116 3,408 
302 279,989 280,281 35, 603 95 1,451 
7177 WE E 302,198 5,549 44 1,050 
FOROR 69 (3) 8 
390,210. 201,161. , . | Ae 
6 Li 299,307 BAO: Lex. ete ete 
o COR 810,882 331,855 201 2,564 
5 855 47,952 53, 568 (2) 30 
164,585 394,051 482,616 4,843,724 549, 341 932 15,182 


! Includes some nongold-bearing ores not separable; excludes tonnages of magnetite-pyrite, tungsten, and 
uranium ores from which gold was recovered as a byproduct. 


? Less than 14 unit. 


Table 7.—Gold produced at amalgamation and cyanidation mills in the United States 
and percentage of gold recoverable from all sources 


Year 


r Revised. 
1 Crude ores and concentrates. 


Bullion and precipitates Gold recoverable from all sources 
recoverable 
(troy ounces) 


Amalga- 
mation 


453 , 736 
r432,130 r 


400,836 
394,051 


Cyani- 
dation 


254,771 
392,171 
519,631 
609,714 
482,616 


(percent) 
Amalga- Cyani- Smelt- 
mation dation ing ! 
31.2 17.5 42.7 
27.0 23.0 44.2 
r 24.0 r 28.8 42.1 
25.3 38.5 32.1 
26.7 32.6 38.2 


Placers 


t M 
Cl = M 00 OD 
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Table 8.—Gold production at placer mines in the United States, by methods of redovery 


Material Gold recoverable 
Mines Wash- treated — wə  — P ?1“d]m ——<—>ə>— .. 
Method and year pro- ing (thousand Thousand Value Average 
ducing plants cubic troy (thou- value 
yards) ounces sands) per cubic 
yard 
Bucketline dredging: 
));üüküößr? a a a a 13 13 14,382 103 $3,604 $0.251 
EE eee 9 11 13,685 83 ,889 .211 
EE, Sh uc cL LLLA RE 9 11 13,384 75 2,631 197 
rn PROCERES dea 10 10 5,448 48 1,690 310 
Ü is ³⅛˙¹- M LLL E 4 4 3,770 20 778 206 
Dragline dredging: 
1 P a ihe ee te ARI a 19 13 195 2 68 .950 
//! al Ot s enun neces EE 10 11 ! 632 22 57 .090 
1JJJ!öö¹¹ A 8 9 9 1227 22 70 308 
11d ³ĩðKKy ĩ 8 4 4 155 21 21 3.981 
9.ÜöÜ;ÄsÜ ⅛ðͤ 3 3 181 21 54 3.499 
Hydraulicking: 
RT d ane us 11 11 30 (4) 10 . 323 
1005525 22 ð ch v EE 6 6 4 (4) 3 . 750 
1966 eC m a 4 4 41 (4) 9 .211 
eebe ð 8 4 5 1 27 3.478 
11) ⁰ LE LE d Tee. caasa y ĩ fuut ere Let 
Nonfloating washing plants: 
e L s Poems usun yu suu yu 55 49 1 585 214 489 836 
7ö·Ü·ͤ %⅛5—⅛ x E E 48 64 ! 501 211 391 779 
1906067222 fe !.! 41 59 1548 213 456 884 
//JööÜ%ͤ˙ĩñ! d OMY, EE 41 57 1797 213 472 3.449 
e EE 26 37 1384 28 325 3.498 
Underground placer, small-scale mechanical and 
hand methods, and suction dredge: 
EE 87 56 49 6 212 4.292 
11)“ TP 70 48 68 4 140 2.059 
19GG a ee ¼ö1- ta 57 23 26 2 56 2.159 
EE 53 19 63 2 59 .925 
1968.55. b tie Me geg 50 22 1 241 28 296 31.277 
Total placers: 
J;öß; ð ets u Su ELS Sabu s 185 142 1 15,241 ? 125 4,383 287 
J)) 8 143 140 114, 890 2100 3,480 234 
1966 %ö;öÜ ⁰⁰y ĩðͤ d ĩͤ nn ier ha 120 106 114, 226 292 3,222 227 
19h. y ³ĩð 8 112 95 16,370 265 2,269 3.332 
J;örCö˙õ 0 t . eee 83 66 14,476 237 1,457 3.292 


1 Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

2 Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 

3 Gold recovered as a byproduct at sand and gravel operations not used in calculating average value per 
cubic yard. 

Less than Le unit. 


Table 9.—U.S. Gold consumption in industry and the arts * 


(Thousand troy ounces) 


Industry group 1964 1965 1966 1967 1968 

Jewelry and arts... 2222 cal L2 c LLL cllc ee 2,743 3,317 3,700 3,755 3,908 
RT WEE 446 538 540 772 771 
Industrial, including space and deifense 1,014 1,421 1,822 1,767 1,925 
d NEEN r 4,203 5,276 6,062 6,294 6,604 


e Estimated by Office of Domestic Gold and Silver Operations. 
r Revised. 
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Table 10.—U.S. exports of gold in 1968, by countries 


Ore and base bullion 


Destination 


Refined bullion 


Troy Value Troy Value 
ounces (thousands) ounces (thousands) 
Belgium-Luxembourg - eee 103 , 940 // ` [amd avenues 
61 aciem. cua dd Ei a Ee 547 $20 
eon ⁰y A inp D CL. 821 32 
Germany, Wee 14,379 504 30 1 
SI ee eee oe sues / un EAT ees 643 ,015 22, 506 
Syrian Arab RepubliccclllJ.l... r „ 250, 000 8,750 
United Kmgdom eee 63 , 066 2,354 22,886,593 801, 085 
/ AAA ce ees ease 181,385 6,765 23,781, 006 832, 394 
Table 11.—U.S. imports of gold in 1968, by countries 
Ore and base bullion Refined bullion 
Country — 
Troy Value Troy Value 
ounces (thou- ounces (thou- 
sands) sands) 
KE ek et EE ]%¾k ³ðA ZZ Out Z sus CO) entaus Bee 
RU Geos Sy as ĩðᷣͤ v s elo ae aoa ee 17,104 $564 250 $10 
AuUSLTIB Lone occ Loco ⁵ ãö ·h0ĩV-B LEM MER 8 90 9 
Belgium-Luxembourg-_...........--.-_-.------------- 14 (1) 124,878 4,471 
CHPJCf̃ ˙ ꝛ¼½. em EE 31,809 1,209 8,471,339 181,830 
Chile. e o conus md C yy b Ec 10,436 365 «hue etu v 
Colombia... men. a eed EES 184 EE 
LN, EE 15 CO) EE 
EbSalvadob.----— aec cux e cbse auci. ͤᷣÄ ̃ ͥ (aus S s S 123 
Rrancd: £f. coc ⁰]ÜM¼ vm Ar eiu Ea ere A ͤ Eo e 66,428 2,655 
Germany, West -2200-an 1,8336 47 67,358 2,590 
Höndürás coelo eee ee 5,196 162 23 46 
Hong e ð d k ee ee 266 : eee ü ES 
TT EEN 16 JI e 
Che WEE 1,767 71 67,946 2,978 
LOR CO EE 5,824 216 689 2 
/ ³owwm dy ⁰⁰dʒp 177, 995 6,943 
Netherlands Antilles / Ous T te Ar 
N os ee eis ea i nd Dd es 50,990 1,924 5,727 220 
ee EENEG 230 ) A E EAS 
Pana. EEE E EE ES 8 24 //˙; —8 
Col EE 11,526 403: Lnos2ssecee 8 
ee, ß ß AEN S 61,597 2,330 426, 376 14,931 
South Africa, Republic of l.l. 12,666 EC! ͤ ä Darden eta 
Switzerlan D PETRUM ETC cease 442,201 17,682 
AalWHh. ]²ii medulla cde nn a 8 7 111ͤĩâ4ñ ] “ 
FJJJJ%%ͤöÜo ß. w ĩè . ³ĩK Ma "taps Lue 9,147 360 
United Kingdom 2,010 71 868,863 34, 228 
%%% ˙Üoð10ĩ ˙ꝓſ / ³Ü 1 ³⁰ VVↄſſſ ³ð AA y 13 
/ ³ĩoÜ.oo r ·³¹¹à A ire m e de EE 213, 662 7,855 5,730,853 218,408 


! Less than 1$ unit. 


Table 12.—Value of gold imported into and exported from the United States 


(Thousand dollars) 


Imports Exports 

$42,004 $457,333 
32, 547 1,005, 199 

226,263 ,159 


GOLD 


Table 13.—World production of gold by countries 


(Troy ounces) 


Country ! 


North America: 
( ( a 


Niearagua. 0----- 02a 


United States 2 


South America: 
Argentina- --------------------- 


Bolivia 


Chile. . 


EcuddOPR... 2. E EIS 


Yugoslavia... ..................- 


Africa: 


Cameroon 


Central African Republie 


Congo (Brazzaville))ꝛ 
Congo (Kinshasa). ..............- 
Ethlopig. ouo: echec 


Gabon, 
Gh 


Kenya. 


Republic of.............. 


Malagasy Republic 
Mozambique 


Nigeria 


Rhodesia, Southern 


South Africa, Republie of 


Sudan. 


Uganda. o . -- ed wie 2 


Zambia 
Asia: 


India 


Oceania: 


e Estimate. 


P Preliminary. 


-m an - e “= 


r Revised. 


1964 


4, 650, 000 


575 ,386 


5,813 
253 ,300 


160 , 000 
75,791 


1965 


3,606,031 
0 


1,286 
23 


544,100 
30,553,874 
00 


264, ,842 


160,000 
62,836 


r 4,051 
2,602 

r 435,545 
r 35,270 


877, 643 
310 
109,095 


12,136 
32, 494 


NA Not available. 


1966 


3,319,474 
0 


199, 108 


30, 879, 700 
e 


r 256, 394 


160, 000 
60, 765 


2,959 
2,611 
453, 546 
r 45,867 


r 916,985 
0 


1967 


2,961,999 
0 


500, 000 


252 998 


160, 000 
63,337 


35, 563 
801,009 
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1968 » 


2,668,018 


6,040,000 


500, 000 


LEE em mm < wm ep eg ep 


62 ,405 


527, 355 
20,994 


796, 635 


! Gold is also produced in Bulgaria, Czechoslovakia, Rumania, and small quantities probably in East Ger- 
many, Hungary, and Thailand. Data for these countries are not available. Data are also lacking on clandestine 


activities. 


° Mine production. 


3 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
* Year ending August 31 of year stated. 


$ Refinery production for Japan was as follows: 1964, 460,171 ounces; 1965, 519,168 ounces; 1966, 555,476 
ounces; 1967, 678,133 ounces; and 1968, 614,336 ounces. 


6 Total is 


of listed figures only. 
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Graphite 


By Lewis K. Weaver 


Domestic production of manufactured 
graphite increased to 213, 300 short tons in 
1968 from 208, 100 tons in 1967. Domestic 
output of natural graphite was slightly less 
than in 1967, while imports of natural 
graphite increased from 56, 400 tons to 
67,800 tons. Manufactured graphite and 
natural graphite are not interchangeable 
for some end uses, and manufactured 
graphite commands a higher price. 


Legislation and Government Programs. 
Government stocks of various natural 
graphites totaled 43,653 tons at yearend 
1968 compared with the revised figure of 
44,073 tons at yearend 1967. This reduc- 


tion resulted from the sale of 302 tons of 
Malagasy crystalline flake and 118 tons of 
other crystalline graphite. Quantities of 
graphite authorized for commercial dis- 
posal by negotiated offers over a period of 
years? include 14,813 tons of natural 
Malagasy crystalline flake and 1,410 tons 
of natural other than Ceylon and Malagasy, 
crystalline. 


e 1 Petroleum engineer, Bureau of Mines, Dallas, 
ex. 
.2 Disposal plans approved by the affected 
Federal agencies and Government-industry con- 
sultation limit the quantities to be sold in a 
given period. GSA solicitations and invitations- 
for-bid should be consulted for actual quantities 
being offered for sale. 


Table 1.—Salient natural graphite statistics 


1964 1965 1966 1967 1968 

United States: 
Consumption iii short tons.. 2 54, 000 247,100 2 48,400 88,300 88,500 
Value 1. rae stenge thousands.. 2 $7,026 2 $6,890 2 $6,629 $5,700 $5,904 
Exports- -.--.-.------------- short tons.. 2,000 8,200 8,200 8,600 4,200 
MU .----------- thousands $333 $419 $428 $460 3509 
Imports for consumption 1. short tons.. 47, 200 58, 100 56, 700 56,700 67, 900 
C7 oe thousands.. 31, 943 $2,887 32, 545 $2,848 32,495 
World: Production short tons.. 683,089 669 , 400 538,816 896,106 892,859 


1 Includes some artificial graphite. 
? Includes some estimates. 


DOMESTIC PRODUCTION 


The only domestic producer of natural 
graphite for the seventh consecutive year 
was the Southwestern Graphite Co., Burnet, 


Tex. The output in 1968 was less than in 
1967. 


551 


552 


Table 2.—Government yearend stocks 
of natural graphite 


(Short tons) 
Na- Sup- Total 
tional ple- all 
Type of graphite stock- mental stock- 
pile stock- piles 
pile 
Malagasy crystalline 
flake: 
Objective.......... 10,800 ...... 10,800 
Excess: 
Stockpile grade. 15,029 15,029 
Total 25,829 ...... 25,829 
Malagasy crystalline 
fines: 
Objective 5,298 1,904 7, 200 
xcess: 
=< pie lt grade. ...... r 5 r 5 
Nonstockpile 
ee, rero 1 1 1 1 
Total........ 5,296 1,910 77,206 
Ceylon amorphous lump: 
SET EEN 4,296 1,204 5,500 
Stockpile grade. 106 224 880 
Non ile 
grade....... 66 ...... 56 
Total. 4,458 1,428 5,886 
o en meron ine 
y, crys e: 
Objectives... 2,800 ...... 2,800 
Stockpile grade. 1,024 1,024 
Nonstockpile I en ED 
995 908 ...... 908 
Total 1,732 4,782 
r Aa 


5 etch phe gcns oe + ag! Det PE: Parea 
uppiemen toc e port to e ongress 
OEP-4 A. July-December 1968. 
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Synthetic graphite production (princi- 
pally from petroleum coke) increased about 
5,200 tons over 1967 production. Total 
1968 production was 213,292 tons, valued 
at $117.7 million. The eight companies 
producing synthetic graphite and their 
plant locations are as follows: 


Company Location 
Airco Speer Niagara Falls, N.Y. 
Becker Brothers Carbon Co......... Cicero, Ill 
The Carborundum Co............ Hickman, Ky 
lt EE RE Sanborn, N 
The Dow Chemical Co.......... Midland, ch. 
Great Lakes Carbon Corp...... Rosamond, Calif. 
olas cde pL. alas cre Morganton, A C. 
"— ] òVt;õͥ“ 8 Niagara Falls, 
The pio Carbon Co........... Clevelan d, Ohio 
Stackpole Carbon Co............ St. Marys, Pa. 
Union Carbide Corp........ . . . Columbia, Tenn. 
D bases ia Cees Niagara, Falls, N.Y. 


Two firms, Becker Brothers Carbon Co. 
and The Ohio Carbon Co., were new 
producers in 1968. 


CONSUMPTION AND USES 


The continued increase in the amount of 
amorphous graphite used for refractories 
and foundry facings was chiefly responsible 
for the increase in consumption of natural 
graphite. The need for coarse flake 
graphite is decreasing because silicon 
carbide-graphite crucibles are replacing 
clay-graphite crucibles which require about 
twice as much graphite. The demand for 


manufactured graphite continues to in- 
crease for use in nuclear reactors. (Natural 
graphite cannot be used.) Other uses of 
manufactured graphite include electrodes 
for electrosmelting, anodes for the electro- 
chemical industries, crucibles and vessels, 
refractories, cloth and fibers, electric motor 
brushes, and parts for jet engines and 
missiles. 
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Table 3.—Consumption of natural graphite in the United States in 1968, by uses 


Crystalline Amorphous ? Total * 

Use Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 
Batteries....................-..- W W W W 

Bearings _.......-.--....__...-.....- 90 $45 (4) 4 90 $4 
Brake lining 452 143 493 $174 945 817 
Carbon br uses 75 39 494 239 569 278 

Crucibles, retorts, stoppers, sleeves, 

and nozzle s 8,879 616 (4) (4) 8,879 616 
Foundry faeing ss 1, 862 328 7,870 796 9,282 1,124 
Lubricants 2.2.2.2.2.-- 842 118 2,581 857 2,929 475 
Packingssssʒs 195 98 181 55 376 158 
Paints and polisnhe s 1 4 146 19 161 28 
Pen eeh eege geet 1,851 480 586 105 1,887 585 
Refractor ies (5) (5) 7,004 690 7,004 690 
p)) ed SN re 80 196 48 260 78 
Steelmaking- - -2-2-2-0 770 129 5,216 402 5,986 531 
GM.; uoo ohn eee 1,547 420 8,642 569 5,189 989 
o ope ess 10,642 2,451 27,865 8,458 88,507 5,904 


W Withheld to avoid disclosing individual company confidential data; included in “Other”. 
1 Consumption data incomplete. Excludes numerous small consuming firms. 


2 Includes mixtures of natural and manufactured 


aphite. 


s Data may not add to totals shown because of independent rounding. 

* Included with crystalline to avoid disclosing individual company confidential data. 

5 Included with amorphous to avoid disclosing individual company confidential data. 

* Includes adhesives, chemical equipment and processes, electronic products, gray iron castings, powdered- 
metal parts, small packages, specialties and items indicated by symbol W. 


PRICES 


Actual prices for natural graphite are 
negotiated between buyer and seller and 
cover a wide range of specifications. 


Per pound 


Nos. 1 and 2 flake graphite 90 
to 95 percent carbon 
Powdered crystalline graphite: 


88 to 90 percent carbon 20 to 245 
90 to 92 percent carbon..... 225 to 255 
95 to 96 percent carbon 29 to 82 
Powdered amorphous graphite... 065 to 12 
Powdered amorphous graphite, 
minimum of 97 percent carbon. 805 to 83 


Source: Oil Paint and Drug Reporter. 


Yearend prices quoted for flake and 
crystalline graphite in the Engineering and 
Mining Journal, f.o.b. source, were as 
follows: 


Per short ton 
1967 1968 
Flake and crystalline 
graphite, bags: 

Ceylon 376 to $228 374 to $214 

Germany, West 112 to 610 112 to 610 

Malagasy Republic. 86 ͤ to 204 86 to 204 

Norway 85 to 145 90 to 155 
Amorphous, nonflake, 


cryptocrystalline 
graphite (80 to 85 
percent carbon): 
Mexico (bulk) $19 to $22 $19to $22 
South Korea (bulk). 16 18 
Hong Kong (bags).. 21 28 
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FOREIGN TRADE 


Exports of natural graphite, 4,169 tons, An alltime record of 67,817 tons of 
were the largest on record, and represented natural graphite was imported during 1968, 
an increase of approximately 17 percent an approximate 20-percent increase over 
over those of 1967. About half the exports that of 1967. Most came from Mexico, 
went to Canada. which has a multimillion-ton reserve of 

natural graphite. 


Table 4.—U.S. exports of natural graphite, 
by countries 


Amorphous, crystalline 
flake, lump, or chip, 
and natural n.e.c.! 


Destination 1967 1968 


Short Value Short Value 
tons (thou- tons  (thou- 


sands) sands) 
Argentina 19 32 8 $1 
Australia 97 10 69 8 
Brazil 65 1 19 2 
Canada. 1,490 171 1,959 228 
|| [NOE 60 6 
Colombia 16 3 45 7 
Denmark.......... 4 (?) 6 1 
ominican Republic. 2 (?) 21 8 
ne, v Wecez 2 
France...........- 136 22 185 28 
Germany, West 82 8 137 14 
da 11 1 8 (2) 
Ireland............ ..... ..... 30 
|. NEN EE 11 2 nuts cq 
Hav... iss 67 18 111 12 
Japan 123 20 246 80 
Leeward and Wind- 
ward Islands 64 Bo amu 
Weeer 64 F 
Mexico 408 50 450 51 
Netherlands........ 205 2b 90 12 
S4 A 88 22 8 
Philippines 79 11 74 10 
pain S 7 B- zziz. sess 
Sweden 15 S 
Switzerland 28 4 9 1 
Taiwan 25 8^ ‘seta: urn. 
United Kingdom 800 45 409 60 
Venezuela.......... 178 80 170 82 
Other countries 28 4 45 5 
Total 3,569 460 4,169 509 


1 Not elsewhere classified. 
2 Less than 1⁄4 unit. 
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Table 5.—U.S. imports for consumption of natural and artificial graphite, by countries 


Year and country 


Wes 
Korea, South. 
Malagasy 
Republic. . . 
Mexico 


Switzerland 
Thailand 
Turke 
Unit 


1968: 


Canada 
Ceylon 
Germany, 

eat. 


Korea, South. 
Malagasy 
Republic. . . 
Mexico 
Mozambique 
Netherlands 
Norway.....- 
South Africa, 
Republic of. 
Switzerland... 


West Germany. 


Crystalline 
flake 

Short Value 
tons (thou- 
sands) 

6,483 $712 
40 4 
2 — 1 
215 43 
4,451 457 
E °° 6 
4,763 511 
829 170 
8,896 411 
5 4 
2 4 
28 2 
4,760 691 


Natural 


Crystalline 
lump, chip, 
or dust 


Short 
tons 


WORLD 


Fried. Krupp reportedly 


sold its 30-percent interest in Graphitwerk 
Kropfmuhl AG., one of the world’s largest 


producers 


and processors 


of crystalline 


natural graphite, to Ludolph Struwe & Co., 


Value 


Artificial Total 
Other natural, 
crude and 

refined Short Value Short Value 
tons (thou- tons  (thou- 
Short Value sands) sands) 

tons (thou- 

sands) 
50,154 $1,821 111 $12 56,748 $2,545 
28 88 tutes a 68 7 
1 1 250 9 251 10 
3,842 CCC eeu 8,842 s 
1,504 190 27 19 1,760 256 
995 SFF eee 995 26 
28 H. arit o sss ms 4,479 460 
42,632 899888 Gl2lze 42,632 893 
,989 22222 ² etum 2,989 222 
110 D o2: week 110 9 
ES 10 5 10 5 
56 CCC 56 8 
waits, Sees “d 55 6 
Sie Octa 26 4 26 4 
51,585 1,796 818 87 56,675 2,348 
28 „% 28 2 
57 ` WEE 57 4 
2,222 261. e c sex 2,222 261 
1,516 194. 2:52.22 oz 2,506 414 
22b D pices wei 225 5 
88 4 7 2 70 16 
460 12 nei sues 460 12 
104 . ^ 16 c. aae- 4,025 429 
55,160 1,085 ...... .....- 55,160 1 d 
J.. 8 4 
2,999 269 __.. ... naa 2,999 269 
"IDEE 80 2 
5 10 4 10 4 
/ dd 2 Sulla 28 2 
eo et A 95 81 95 81 
62,804 1,802 112 97 67,922 2,495 

REVIEW 

of Hamburg. The other shareholders, 


Bayerische Hypotheken & Wechsel Bank 
and H. Aufhauser of Munich, each hold 


about one-third of the share capital. 
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Table 6.—World production of natural graphite by countries 


(Short tons) 
Country ! 1964 1965 1966 1967 1968 v 
North America: 
%ö·ö§Ü:s insti 83,441 44,548 42,717 44,853 NA 
United States W W W 
South America: | 
Argentina______ oo cs RESO Ei: 245 202 r 178 286 NA 
Brazil WWW., A e 1,270 1,292 1,408 8,192 NA 
Europe: 
K ustria i Sane) wa A use ĩð e E cele 112 ,697 94,529 87 ,677 84,768 e 88,070 
Germany, Wes gte 796 15, 005 14,488 18 ,066 NA 
UBL S ec ß r1,798 r 1,290 1,179 2,069 e 1,488 
NENNEN 7,988 9,848 r 8, 756 8,411 e 8,2617 
des Ä ⁵³ V hi eee adc edd 66,000 66,000 72,000 72, 000 71,000 
rica: 
Malagasy Republica 14,521 18,756 18,040 16,414 NA 
South Africa, Republic of 1,042 447 1,161 740 NA 
n. South-West Africa..............-.....- 276 896 400 NA NA 
ia: 
Ceylon (exports) .....................- 11,967 9,789 11,051 11,428 211,968 
China (mainland) 45,000 45,000 45,000 83,000 84,000 
Hong Rongg .2-e 222. 7 ð ¿“usus a as 21 558 
Jö ee ec ees 2,701 2,482 2,428 1,890 NA 
Korea: 
N! 77,000 77,000 83, 000 88,000 88,000 
OU es oreet UE 291,517 288,916 144, 338 71,018 148,068 
Total o cu cce gu a r 688,039  Á7669,400 r 533,816 *896,106 392,859 
e Estimate. P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing 


individual company confidential data. 


1 Graphite is known to be produced in Czechoslovakia, India, and Southern Rhodesia, but production data 


are not available. 
2 January through November 1968. 
3 Total is of listed figures only. 


Table 7.—Ceylon: Exports of graphite, 


by countries 
(Short tons) 

Destination 1967 1968 1 
Australia 440 527 
Fran nee 384 810 
Germany, West 67 212 
India.............. oos 991 660 
JBDED- oa 2,754 4,840 
Pakistan 81 6 
Poland... . Ee 83 86 
United Kingdom...........- 2,512 2,846 
United States 8,836 2,748 
Other countries 280 179 

Total... é 11,428 11,968 


1 January through November 1968. 


Graphitwerk Kropfmuhl AG’s mine in 
Bavaria, near the Austrian border, produces 
several grades of graphite including cruci- 
ble flake (92 to 95 percent carbon). The 
Rhodesian company, Rho-German Graph- 
ite (Pvt) Ltd. 50 percent owned by 
Graphitwerk Kropfmuhl AG, has been 
mining crystalline graphite from an open 


Table 8.—Malagasy Republic: Exports of 
graphite, by countries 


(Short tons) 


Destination 1966 1967 
Australian 118 55 
Canada 2. d Š 55 5 
France...................- 2,808 4,821 
Germany, West. 1,609 1,784 
; v aaa a 96 207 
ltalv... 8 1,008 944 
S Ee 1,127 2,230 
Netherlands 242 104 
Poland. ve cs ̃⁰ . NR 248 
SS 88 229 255 

ur toy EES 8 
United Kingdom 5, 505 2,818 
United States 5, 550 4,817 
Other countries 97 1 

Total.........- t»... 18,588 17,856 


pit mine in the Karoi district, Southern 
Rhodesia, since mid-1966. 

Another subsidiary of  Graphitwerk 
Kropfmuhl AG is the Kyrstagon-Graphit- 
Compagnie (GmbH). 


3 Bureau of Mines. Mineral Trade Notes. 
V. 65, No. 2, February 1968, p. 12. 
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TECHNOLOGY 


Graphite may be a component in future 
airframes if composite structures of high- 
temperature, organic resins are perfected. 
Materials engineers are researching com- 
posites in an effort to reduce airframe 
weight as much as 25 percent.‘ 

A process using a pure graphite mold 
has been used successfully for increasing 
accuracy of titanium castings. The mold 
is produced by applying pressure to fibrous 
carbon or graphite obtained from burned 
newspapers. 


Various trade journals and patents in- 
dicate a continuing interest in new and 
expanded uses of graphite for lubricants 
including one designed for use in space; 
for use in atomic reactors; for use in 
various graphite structures; and many other 
uses. 


4Steinburg, Morris. Composites Are Keys to 
Better Airframes. Steel, v. 168, No. 22, Nov. 25, 
1968, pp. 64a-64d. 

5 Metals Week. Graphite Adds Accuracy to 
sinum Casting. V. 39, No. 17, Apr. 22, 1968, 
p. 11. 
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Gypsum 


By Paul L. Allsman ! 


Gypsum production rose in 1968, revers- 
ing the trend of the previous 3 years. 
Consumption of gypsum products rose 
markedly for home construction, cement 
and chemical manufacture, pottery art, 
agriculture, and industrial fillers. Mexico 
announced plans for its first two gypsum 
wallboard plants near Mexico City. Several 
elemental sulfur and sulfate fertilizer plants 
using gypsum as a raw material were put 
onstream. Research on a number of proc- 


esses for producing byproduct cement, sul- 
furic acid, lime, fertilizers, sulfur, and soda 
ash from raw gypsum, anhydrite, or waste 
gypsum ponds promised important future 
industrial uses for gypsum. 

Domestic production of crude gypsum 
rose 9 percent, while imports rose 15 per- 
cent. Production of wall board products 
increased 15 percent, and total value of 
board products increased 13 percent. 


Table 1.—Salient gypsum statistics 


(Thousand short tons and thousand dollars) 


1964 
United States: 
Active mines and plants 1112 106 
Crude:? 
Mineds?s 10, 684 
MCC ie cete $38 , 874 
Imports for consumption 6,258 
Calcined: 
Produced.................... 9,440 
alut ee Shee $135,877 
Products sold (value $431,717 
Exports (value)) $1,808 
Imports for consumption (value)... $14,687 
World: Production 51,575 


NA Not available. 


1965 1966 1967 1968 
113 121 113 112 
10,033 9,647 9,393 10,018 
$37,375 $35,681 $34,383 836, 775 
5,911 5,479 4,722 5,454 
9,320 8,434 7,879 8,844 
$133 ,028 $119 , 747 $115,467 $133,239 
$419,620 $376,871 $362,268 5404, 739 
$2,032 $2,674 $2,918 $3,556 
$13,328 $17,281 $11,353 $13,058 
52,894 53, 676 52,145 NA 


1 Each mine, calcining plant, or combination mine and plant is counted as 1 establishment. 


2 Excludes byproduct gypsum. 


DOMESTIC PRODUCTION 


Of the 76 mines operated 59 were open 
pit, 16 were underground; and one was 
both. Eighty-seven percent of the total 
output came from 41 mines operated by 
companies having calcining equipment. By 
State, the leading crude gypsum producers 
were Michigan, 15 percent; California and 
Iowa, 14 percent each; and Texas, 11 
percent. 

Domestic or imported gypsum was cal- 
cined at 76 plants that had 231 kettles and 
72 other pieces of calcining equipment. A 
total of 9.6 billion square feet of board 
products was reported in 1968 with a value 


of $342.7 million, compared with 8.3 billion 
square feet of board products valued at 
$302.6 million in 1967. Natural gas, oil, 
and coal were used as fuel at various plants. 

The new elemental sulfur plant of Elcor 
Chemical Corp. in Culberson County, Tex., 
was readied for production at yearend. 
Full-scale operation was planned following 
trial runs. The plant will produce 1,000 
long tons per day of sulfur from gypsum 
quarried locally at the Rock House facility. 
One ton of sulfur will require 6 tons of 


1 Mineral specialist, Division of Mineral Studies. 
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crude gypsum. Power Gas Corp. of America 
completed a new plant at Hanford, Calif., 
to produce 200 tons per day of ammonium 
sulfate fertilizers from gypsum. The process 
will also produce byproduct chalk. 

Several gypsum board plants were ex- 
panded in 1968. American Gypsum Divi- 
sion of Susquehanna Corporation expanded 
the boardline at its Albuquerque, N. Mex., 
wallboard plant from 65 to 110 feet per 
minute. Installation of a new forming line, 
new handling equipment, and a new type 
of gypsum board kiln enabled a 40-percent 
reduction in the length of the building. 
The Celotex Corp. announced expansion of 
the boardline at its Port Clinton, Ohio, 
wallboard plant. 


MINERALS YEARBOOK, 


1968 


The trend toward merging with closely 
allied industries continued, as the gypsum 
industry attempted to further diversify and 
expand its product lines. National Gypsum 
Co. announced agreement to acquire 
Binswanger Glass Co. of Richmond, Va. 
American Gypsum Corp. announced a 
merger with Atlantic Research Corp.; new 
headquarters will be in Alexandria, Va. 
Johns-Manville Corp. announced the $16.5 
million purchase of six properties from the 
Gypsum Division of The Fibreboard Corp. 
Included are gypsum-calcining plants at 
South Gate, Calif., Florence, Colo., and 
Apex, Nev.; and crude gypsum quarries at 
Apex and Lovelock, Nev., and Coaldale, 
Colo. 


Table 2.—Crude gypsum mined in the United States, by States 
(Thousand short tons and thousand dollars) 


1967 1968 
State 

Active Quantity Value Active Quantity Value 

mines mines 
Californian 9 1.241 $3,150 9 1,860 $3,608 
Colorado 4 26 6 98 354 
läh ERAS ꝛ ęꝶ y è . 1 18 
IOWB.:2 a eelere 5 1,219 5,186 5 1,851 5,888 
Michigan 5 1,422 5, 085 5 405 5, 196 
At Le TEE 3 409 1,412 8 552 1,584 
New Mexieo -2200ean 5 155 588 5 146 549 
New York... ... . . =e 5 570 8,118 5 570 2,925 
Oklahoma... _....... aaae 8 804 2,266 8 931 2,565 
meee Dakote -2222an 1 12 4 1 16 65 
AEE E pp ayasa K OE. 7 984 8,419 7 1,089 8,616 
oua Stats see eco aio 23 2,500 9,845 21 2,547 10,517 
Total: 2. M aU mU iu 15 9,393 84,888 76 10,018 86,775 


1 Includes the following States to avoid disclosing invididual company confidential data; Louisiana, Montana 
(1968), Virginia (1968), and Washington, 1 mine each; Arkansas, Indiana, Kansas, Montana (1967), Ohio, 
tah, and Virginia (1967), 2 mines each; Wyoming, 3 mines; and Arizona, 4 mines. 


Table 3.—Calcined gypsum produced in the United States, by States 
(Thousand short tons and thousand dollars) 


1967 1968 

State Calcining Calcining 

Active Quan- Value equipment Active Quan- Value equipment 
plants tity —————— plants tity —O 

Kettles Other 1 Kettles Other 1 

California 7 584 37,641 16 9 7 742 310, 675 17 9 
oridaa . W W W W W 8 488 W 9 2 
Georgia. ........ 8 464 8,832 111 8 519 9,910 15 ...... 
Iowa 5 768 11,477 22 4 5 848 13, 100 22 4 
Michigan 4 362 5, 929 10 1 4 369 , 896 10 1 
Nevada......... W W W W W 3 803 3,251 11 7 
New Jersey......- 4 347 4,056 9 4 4 356 4,808 9 3 
New York....... 7 836 12,265 22 5 7 907 13,808 26 8 
eee 8 8 834 4,960 9 1 8 359 5, 158 9 1 
Texas 7 723 10, 519 27 3 7 826 12,081 28 3 
Other States ?..... 36 3,461 49,788 94 50 30 3, 182 54, 557 75 89 
Total 76 7,879 115,467 224 77 76 8,844 133,239 231 72 


W Withheld to avoid 5 individual company confidential data; included with Other States.” 
i 


1 Includes rotary and beehive 


ilns, grinding-calcining units, Holo-Flites, and Hydrocal cylinders. 


2 Comprises States and number of plants as follows: Arizona, Arkansas, Colorado, Connecticut, Delaware, 
Illinois, Massachusetts, Montana, New Hampshire, Pennsylvania, Washington, 1 mine each; Kansas, 
ana, Maryland, New Mexico, Oklahoma, Utah, Virginia, and Wyoming, 2 mines each; and Florida (1967 ), 


Indiana, and Nevada (1967), 3 mines each. 
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CONSUMPTION AND USES 


Thirty-two percent of the 1968 total 
domestic crude gypsum production was 
utilized uncalcined for cement, chemical, 
or as gypsum manufacture. In California, 
52 percent of the output of crude gypsum 
was sold uncalcined for agricultural pur- 
poses. 


In 1968, 1.53 million private, nonfarm 
housing starts were begun, 12 percent more 
than in 1967. This resulted in a 17 percent 
increase in wallboard consumption over 
that of 1967. 

Forecasts indicated that 1969 industrial 
construction would be 6 percent higher, 
and the rate of new commercial housing 
about 5 percent higher, than in 1968. The 
Gypsum Association predicted the upward 
trend in housing would continue. Fifty 
percent of the new housing was anticipated 


to be apartment construction. 
United States Gypsum Company, in con- 
junction with John Hancock Mutual Life 
Insurance Co. and Allied Mortgage and 
Development Co., undertook a program of 
large-volume, low-cost, computerized house 
building for low and moderate income 
families. Emphasis was placed on renova- 
tion of slums and tenement areas by trained 
dry-wall contracting crews; on the use of 
colored, decorated, or pictured wallboard 
systems; on the development of new mold- 
ing, taping, or studding types of construc- 
tion systems for use in office buildings, 
hospitals, and schools; and on more re- 
search on fireproof and soundproof panel- 
ing and wallboard systems. 
Interest began to develop 
sources of gypsum for use 


in cheap 
in making 


Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 
sold or used in the United States, by uses 


(Thousand short tons and thousand dollars) 


Use 


Uncalcined: 


Portland-cement retarder -2-2-0-0 


Agricultural gypsum. ...........---.-.-..-.2.2.2.-.2-- 


Other uses 1___ ..e2.oalco AAA 


Calcined (industrial): 


Plate-glass and terra-cotta plas ters 
Pottery polasterg ss 
Dental and orthopedic plasters.. ...............- 
Industrial molding, art, and casting plasters. ..... 
Other industrial uses 


Veneer plaster (basecoat and finishes) 


Mill-mixed basecoats (sanded and perlited) 
To mixing plant“nssss 
Gaging and molding 
Prepared finishes. ........................- 
e ß eA 


Gõö˙èèẽC ẽo y ß dL 


Grand total, value 


1967 1968 
Quantity Value Quantity Value 

: 8,154 $14,704 3,489 $16,037 
E 1,280 5,466 1,388 6,222 
77 712 108 886 
4,511 20,882 4,935 23,145 
S 33 498 30 464 
50 1,246 54 1,400 
8 15 614 15 624 
: 108 2,408 119 8,078 
E 87 3,522 83 3,348 
Š 293 8,288 301 8,914 
561 10,928 536 10,522 
5 84 1,664 46 2,315 
328 8,485 301 7,977 

W W 
80 2,006 76 1,974 
i 8 758 8 694 
ü 834 5,582 319 5,432 
" 16 462 17 517 
e 12 583 11 576 
z 1,373 30, 468 1,314 80,007 
e 5 7,647 302 ,630 5 8,776 342, 678 
. 333,099 372, 680 
"En sa a a 362,288 404, 739 


W Withheld to avoid disclosing individual company confidential data; included with Other.“ 
1 Includes uncalcined gypsum for use in filler and rock dust, in brewer’s fixe, in color manufacture, and for 


unspecified uses. 


2 Includes dead-burned filler, granite polishing, and miscellaneous uses. 
3 Includes joint filler; patching, painter’s, insulating, and unclassified building plasters; and quantity and 


value indicated by symbol W. 
4 Excludes tile. 
5 Includes weight of paper, metal, or other materials. 
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cement, sulfuric acid, or other products. 
Cost of byproduct gypsum from ponds, 
an unwanted byproduct of wet-process 
phosphoric acid manufacture, is quoted as 
low as 50 cents per ton. Cement made from 
this byproduct gypsum, using a variety of 
new processes, can be sold for about $2 
per barrel. Twenty million tons of waste 
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gypsum are produced each year by U.S. 
phosphoric plants.“ 

Basic development of new gypsum prod- 
ucts continued, as the Commonwealth 
Scientific and Industrial Research Organi- 
zation (CSIRO) in Australia published re- 
sults of fire-resistance tests of cast plasters.“ 


Table 5.—Prefabricated products sold or used in the United States, by products 


1967 1968 
Product 
Thousand Thousand Value Thousand Thousand Value 
square feet short tons! (thousands) square feet short tons! (thousands) 
Lath: 
Ze inch........ 809, 407 596 $21,330 827, 228 607 321, 698 
1⁄4 inch.......- 181,825 126 4,884 162,399 158 6,010 
Other 22 7,828 10 408 9,288 11 
Total....... 948 , 560 182 26,617 998,905 776 28,141 
Wallboard 
La inch........ 104,028 59 2,473 108,605 62 2,574 
Ze inch 1, 354, 634 1,012 45,085 1,430,485 1,056 47,851 
Le inch........ 4,966,794 4,789 184,877 5,880,978 5, 588 212, 995 
Ke inch... 654,821 793 34,771 854,679 1,005 1,9 
1 inch . 8,648 17 763 7,759 16 
Total 7,088,920 6,670 267,919 8, 282, 506 7,727 305, 605 
Sheath ing 192, 838 192 5, 885 221, 569 222 6,754 
Laminated board 45,694 6 852 46,608 8 402 
Formboard. ....... 44,646 47 1,907 41,131 48 1,771 
Grand total5_ 8,280,657 7,647 302, 630 9,550, 719 8, 776 842,678 


1 Includes weight of paper, metal, or other materials. 


2 Includes a small amount of M-inch, 5$-inch, and 1-inch lath. 

3 Includes a small amount of ‘inch, inch, 15$-inch, and 8 34 -inch wallboard. 

* Area of component board and not ot finished products 

! Excludes tile, for which figures are withheld to avoid disclosing individual company confidential data. 


PRICES 


Prices (base rates) for truckload lots of 
gypsum products in 20 U.S. cities were 
published monthly in Engineering News- 
Record. Neat plaster averaged $35.51 per 
ton and ranged from $26 in Boston to 
$52.50 in Seattle. Gaging plaster sold for 
an average of $41.74 per ton and ranged 
from $31 at Pittsburgh to $56.60 at Minne- 
apolis. One-half-inch gypsum board aver- 
aged $62.04 per thousand square feet and 


FOREIGN 


Imports of crude gypsum increased 15 
percent over those of 1967, paralleling in- 
creased domestic consumption of gypsum 
during the year. Imported gypsum was 
39 percent of the total crude gypsum 
supply. Canada provided 77 percent of the 
total crude imports; Mexico, 17 percent; 


ranged from $44 at Detroit to $74 at 
Seattle. Quotations for 34-inch board aver- 
aged $54.40 and ranged from $38 at 
Detroit to $67 at Seattle. Three-eights- 
inch gypsum lath averaged $44.79 and 
ranged from $29 at Detroit to $61 at 
Seattle. Tongue and groove sheathing aver- 
aged $60.01 and ranged from $40 at 
Detroit to $100 at Los Angeles. 


TRADE 


Jamaica, 4 percent; and the Dominican 
Republic, 2 percent. 


2Chemical Week. They’re Moving Gypsum 
ae V. 103, No. 5, Aug. 3, 1968, pp. 
3 Ridge, M. J., and A. Adami. Factors Deter- 
mining the Fire Resistance of Building Elements 
of Cast Gypsum. Division of Building Research, 
CSIRO, Report Fl. 18, 1968, 183 pp. 
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Table 6.— U.S. exports of gypsum 
and gypsum products 


(Thousand short tons and thousand dollars) 


Crude, crushed Other Total 
Year or calcined manu- 
— factures, value 
Quantity Value n. e. c., value 
1966.... 88 $1,458 $1,216 $2,674 
1967 39 1,707 1,211 2,918 
1968.... 89 1,688 1,868 3,556 


Table 7.—U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


Crude Ground or calcined Alabaster Other 
Year (including anhydrite) manu- manu- Total 
— V — factures,! factures, value 
Quantity Value Quantity Value value n.e.c., value 
1900... 429 rcc 5,479 515,761 2 $91 $985 $444 $17 ,281 
KEE r 4,563 9,723 r2 86 855 689 11,353 
19888 8 5,474 11,384 2 89 932 653 13, 058 
r Revised. 
1 Includes imports of jet manufactures, which are believed to be negligible. 
Table 8.—U.S. imports for consumption of crude gypsum 
(including anhydrite), by countries! 
(Thousand short tons and thousand dollars) 
1967 1968 
Country 
Quantity Value Quantity Value 
Canada co ⁰˙¹¹⁰⁰⁴ſſ ⁰˙ꝗmQQQÄ AA r 8,674 r $7,857 4,254 $8,976 
Brazilo our us hy ee ele ... 2) O. 2deueatek 
Dominican Republie a aaaanaanMMsMsMsMsMsMMaMM 87 282 90 290 
Ke 1 );» 1. 
JJ/öoööbõ⁰ͥõĩõĩÄ5—ĩ1ddrr%ͤͤ% x hg De (2) 2 (2) 4 
JamalóR.. 2-2 2 5 cose ut 8 145 505 226 734 
b> eee ß Ra Spee ELE 656 1,065 904 1,380 
%%//rVe Sc eee ee A v r 4,563 9,723 5,474 11,384 
r Revised. 
1 New Zealand revised to none. 
2 Less than 14 unit. 
WORLD REVIEW 
Angola. Tenneco-Angola, Inc., was and cement plant to Power Gas Corp. of 


granted exclusive rights to prospect and 
exploit sulfur, gypsum, and anhydrite in 
specified areas of Angola for 3 years. 


Brazil.—Power Gas Corp. of America 
announced its intent to construct a new 
sulfuric acid and cement plant at São 
Paulo for Chemoleum Corp. of New York. 
The plant will use the Marchon process 
and will utilize byproduct gypsum from 
acid manufacture as the raw material. 


Canada.—United Gypsum Corp. Ltd., 
a subsidiary of Alscope Consolidated Ltd., 
awarded a contract for a new sulfuric acid 


America. The proposed plant will be at 
Skookumchuck, British Columbia, and will 
utilize local deposits of gypsum and an- 
hydrite. The new gypsum wallboard plant 
of B.A.C.M. Ind., Ltd., at Saskatoon, 
Saskatchewan, was described. The ultra- 
modern, automated plant obtains gypsum 
from Amaranth, Manitoba Plant capacity 
is in excess of 200,000 square feet per 
24-hour day.* 

Chile.—M. W. Kellogg Co. began feasi- 


t Toles, George E. New Canadian Gypsum 
Plant Is First in Saskatchewan. Rock Prod., 
v. 71, No. 8, August 1968, pp. 54—56. 
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Table 9.—World production of gypsum, by countries 


(Short tons) 
Country ! 1964 1965 1966 1967 1968 P 
North America: 
%%%%—Üéi 6,860,644 6,305,589 5,976,125 5,175,880 6,145,188 
United States 10,684,049 10,033,226 9,646,368 9,892,784 10,018,000 
Middle America: 

UD € eee ꝛ¾ cua 27 , 859 27,558 27,558 NA 
Dominican Republic 120,917 98,656 100,181 130,855 e 110,281 
Guatemala... 7,828 10,354 13,228 12,566 8,620 
Honduras 5,203 6,657 12,985 15,9847 NA 
Jamaica... 215,184 233 , 520 r 212,746 184,086 230,000 

% y mai m d sus 1,284,251 1,192,418 1,268,837 1,076,297 1,884,000 
Nicaragua.............----.-.-.---- 6,06 5,512 9,9 11,023 15,700 
Trinidad and Tobago 2,531 2,056 2,219 4,020 4,840 

South America: 
Argentin azza 170,358 271,512 317,688 p 295,419 NA 
ß A 93,040 79,959 88,431 NA 
Chile ac crei uen A T 131,351 111,451 181,858 r 146,107 183,400 
Colombia... cl oclo eee 118,498 123,459 126,766 e r 85,980 A 
Paragua oe 86 2,425 2,756 1,984 2,580 
))); ĩðͤâV TE EEE 55, 155 84, 139 70,871 p 71, 650 NA 
-" Venezuela 82, 458 94, 688 94,799 98,696 112,000 

urope: 

TT ai 626,189 681,139 856,482 r 813, 555 e 815,709 
Bulearia 142,198 191,802 r 179, 677 r 187,393 ° 187,393 
Czechoslovakia..................- 886,911 964,865 392,422 » 408, 957 NA 

. ĩðUß ⁰ 5,414,608 5,525,564 5,811,685 „5,621,781 wb 511, 550 
Germany 

Rast. 1: l S.L SSD uy 295,199 286 ,601 288,805 r 308, 647 NA 

West (marketable )) ` 1,409,168 1,432,767 1,450,978 1,368,362 et 410, 957 
Greeee 2 eee r 155,001 r 198,416 r 227,076 231,485 ° 286,997 
VE, WEE 255,401 240, 804 240, 304 e 240, 304 NA 
/ ³ĩðV³A 8 r 2,690,739 73,395,115 3,604, 554 „3,637,628 3, 637, 628 
Luxembourg 7,8 6,0 e 6,614 12,126 e 11,028 
Poland EEN 887, 756 837 , 756 837 , 756 859 , 802 859,802 
Portugal... locu S ¿S 71,627 89, 208 124,451 114, 896 NA 
span ENEMIES 8,097,491 3,355,432 3,575,689 3,637,623 3,692,788 

SE, hee 4,633,009 4,788,485 4, 954, 8838 5,170,986 5,346, 203 

United Kingdom 5,056,296 4,910,791 4,803,867 5,062,910 56, 125,741 
RE Vugoslsavia 170,570 184,311 185,953 188,412 e 187,398 
ca: 
Algeria 2. 192, 904 192, 904 192, 904 192, 904 NA 
Ar ã ⁰⁰ i eis 11,077 11,261 4,680 NA NA 
Ethiopia___ oes e 4,409 e 2,756 5,512 6,721 NA 
Kénya eee 888 30, 858 38,001 87,195 44,584 NA 
RADY Sisco rs A Aa 440 2,056 2,756 2, 756 2, 756 
Mross ðͤ ĩð 8 55,115 77,162 88,185 99, 208 
Ü] ³ĩ¹.A ] ͥ 8 1,653 e 1,653 1,90 
South Africa, Republic of 264 ,645 835,036 826,878 339, 062 348,885 
Gan... k ĩͤ ͤ cr 4,982 4,729 ,118 ,98 NA 
En ĩðV en 3,260 5,027 5,320 17 ,062 4,917 
Tunisia.. EENEG e 19,842 e 19,842 e 19,842 * 11,023 NA 
United Arab Republic............. 371, 975 504, 708 505, 524 e 275,577 NA 
Burma... cele eee 10,086 496 e 2,205 ° 2,205 8,9 
China (mainland) 661,386 661,386 661,386 551,155 551, 155 
/ ³o¹¹A A ead dr 49,604 67,218 49,67 50,376 ° 50,706 
hdd. v es etl ce m o 972,789 1,278,680 1,425,287 1,265,452 
(( cac uci EE 1,822,772 1,653,465 1,984,158 1,995,181 2,094,889 
WAG EE 51,15 551,155 551, 155 1,15 
! A cea se 121,254 121,254 93,696 93,69 
JEDE. ele E lel e Le 827 , 582 116,354 658 , 797 644, 004 e 661,886 
E EEN 29,762 33, 06 NA 
Mongolia -- 22, 046 22,046 22,046 27,558 27,558 
Pakistan- uruy eh eee ek 215,357 164,716 r 110,612 112,832 e 121,264 
Philippines 45,148 80,300 16,897 16 , 737 e 16,585 
Saudi Arabia... -2-a 11,640 24,911 26,109 30,591 e 83,069 
Syrian Arab Republi 22,046 e 16,535 e 16,535 e 16,535 * 16,535 
Taioan. n anaa 18,843 80,598 9,274 r 18,14 ,218 
Thailand... mE Wc 46,187 12,390 43,683 68,008 NA 
Turkey EES 220, 462 242 ,508 242,508 242,508 264, 554 
Oceania: Australia.. a. 880, 885 933, 545 r 897, 740 870, 671 
Total s; u AAA r §1,575,080 r 52,894,406 r 58,676,066 * 62,144,672 NA 


e Estimate. P Preliminary. r Revised. NA Not available. 

! Gypsum is also produced in Rumania and Switzerland, but production data are not available. Production 
in Eclivia and Ecuador is negligible. 

2 Includes anhydrite. l 

8 Crude production estimates. based on calcined figures. 

* Year ended March 20 of year following that stated. 

Lear ended March 31 of year following that stated. 

6 Total is of listed figures only. 
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bility studies for a new sulfuric acid and 
cement plant at Patillos, for Marcona Corp. 
The plant will use the Oesterreichische 
Stickstoffwerke AG. (OSW) process from 
Linz, Austria, and will utilize natural an- 
hydrite as a raw material. 


Greece.— Litton Industries, Inc., planned 
to increase production to 50,000 tons per 
year from gypsum deposits on Crete. 


Mexico.—Kaiser Gypsum Co. was com- 
pleting plans for a moderate-sized gypsum 
wallboard plant at Puebla, 86 miles south- 
west of Mexico City. This will be the first 
wallboard plant in Mexico. Kaiser Gypsum 
Co. also exports crude gypsum from San 
Marcos Island in the Gulf of California. 
United States Gypsum Company also an- 
nounced plans for a new multimillion- 


565 


dollar gypsum products plant near Puebla. 
The company’s subsidiary, Yeso Mexicana 
S.A., will quarry the gypsum for the new 
plant. 


Switzerland.—Gypsum is the only impor- 
tant industrial mineral mined. Manufac- 
turing is performed at nine modern plants; 
Felsenau, Leissingen, Ennetmoos, Laufel- 
fingen, Bex, Heimberg, Kienberg, Ruthi, 
and Granges. 


United Kingdom.— Marchon Products 
Ltd. doubled production of its underground 
anhydrite mine to 13,500 tons per week. 
Underground crushing and diesel scoop- 
trams," which carry 10-ton loads, comprise 
the new mining system. Within 5 years the 
workings will extend under the sea, at a 
depth of 900 feet. 


TECHNOLOGY 


The gypsum industry took a giant step 
forward in 1968, as research and develop- 
ment on a number of processes for manu- 
facturing cement, sulfuric acid, and other 
products were announced. The Bureau of 
Mines led in this research, analyzing the 
important basic processes for making sulfur 
from gypsum materials at its Salt Lake 
City Metallurgy Research Center. Reduc- 
tion roasting of 1 ton of gypsum plus 
sodium chloride with coal produced 372 
pounds of elemental sulfur, 1,230 pounds 
of sodium carbonate, and 1,290 pounds of 
calcium chloride. Cost of the sulfur was esti- 
mated as low as $27 per ton in a 1,000- 
ton-per-day plant. Continuing research by 
the Bureau to investigate recovery of sulfur 
from gypsum ores and residues, and from 
gaseous products of metallurgical reactions, 
further advanced the technology of the 
industry. Kinetic studies were made on 
production of calcium, magnesium, and 
potassium compounds from byproduct gyp- 
sum from phosphoric acid manufacture. In 
another Bureau investigation, recovery of 
sulfur from gypsum residues by bacterial 
action was studied. 

Economics of gypsum processes for pro- 
ducing sulfur, sulfuric acid, and other 
products were analyzed during the year, 
as follow:5 

1. Elcor, Texas: Gypsum (6 tons) yields 
elemental sulfur (1 ton). Cost with gypsum 
at 50 cents per ton is $27 to $40 per long 
ton of sulfur. 


2. Bureau of Mines: Gypsum (6 tons) 
yields sulfur (1 ton) plus soda ash (3 tons). 
Cost of sulfur is $20 per long ton; of soda 
ash, $30. 

3. Laseter, Texas: Gypsum microbially 
yields sulfur plus vitamins. Cost is $35 
to $45 per long ton of sulfur. 

4. Marchon, England: Gypsum 1.7 tons) 
ylelds cement plus sulfuric acid (1 ton). 
Cost of cement is $8 per long ton; of acid, 
$12. 

5. Kent Feeds, Iowa: Gypsum yields 
lime plus sulfuric acid. Pilot plant only. 

6. Power Gas, California: Gypsum yields 
ammonium sulfate plus chalk. Cost with 
ammonia at $30 per ton is $16 per ton of 
fertilizer. 

Other signicant developments in the gyp- 
sum industry during the year included 
basic research on the mechanism of hydra- 
tion of plaster particles. Sedimentation 
tests and photomicrographs were made of 
various plasters and mortar mixes, deter- 
mining a variety of characteristics of plaster 
mixing. The method of disintegration of 
the plaster particles was proved to uniquely 
influence the properties of the gypsum 
plaster. United States Gypsum Company 
planned further work on this important 
phase of technology.? 


5 Chemical Engineering. Gypsum: Ready To 
Fill the Sulfur Gap? V. 75, No. 10, May 6, 1968, 
pp. 94-96. 

° Lane, Marvin K. Disintegration of Plaster 
Particles in Water. Rock Prod., v. 71, No. 2, 
March 1968, pp. 60-63, 108. 
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Electronic color sorting was applied to 
gypsum beneficiation during the year. This 
technique makes possible the utilization of 
a much poorer quality of ore than is now 
possible. Many good grade gypsum deposits 
contain strata or nodules of dolomite, lime- 
stone, or shale which can be satisfactorily 
removed by selective screening and color 
sorting. The Sortex model 621M electronic 
color sorter detects differences in the light- 
reflecting properties of ore and gangue.’ 

A new source of byproduct gypsum was 
reported by the steel industry in 1968. In 
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the neutralization of acid-liquor wastes by 
lime, calcium chloride and ferrous hydrox- 
ide precipitate (magnetite) are produced. 
Further reaction with sulfuric acid precipi- 
tates gypsum and forms hydrochloric acid. 
This neutralization process is considered 
the only economic solution to pickle liquor 
disposal.? 


7 French, Robert R. Beneficiation of Low- 


Grade Gypsum by Electronic Color Sorting. 
Trans. AIME, v. 241, 1968, pp. 331-334. 

8 Krikau, F. G. Neutralization Is Key to Acid- 
Liquor Waste Disposal. Chem. Eng., v. 75, No. 
25, Nov. 18, 1968, pp. 124-126. 
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Helium 


By Billy J. Moore 


Sales of grade A helium in the United 
States in 1968 were 867.1 million cubic 
feet (MMcf), a decline of about 40 MMcf 
from 1967 sales. Of the total, 478.4 MMef 
was sold by the Bureau of Mines, compared 
with 607.0 MMef in 1967. The decline in 
Bureau sales was principally attributed to 
a greater share of the helium demand being 
supplied by private industry. These private 
plants had a total sales volume of 388.7 
MMcf compared with 300.2 MMef in 


1967. Helium purchases by the Bureau of 
Mines under the conservation program 
were 3,639.8 MMcf in 1968, 21 MMcf 
more than in 1967. 

The price of helium, f.o.b. Bureau of 
Mines’ plants, remained at $35 per thou- 
sand cubic feet. This price was established 
in 1961. Helium was sold by private pro- 
ducers at various rates somewhat lower 
than the Bureau of Mines’ price. 


PRODUCTION 


At yearend, there were 16 helium extrac- 
tion plants operating in the United States. 
These plants may be classified in three 
categories: (1) Plants owned by the Federal 
Government and operated by the Bureau 
of Mines; (2) "conservation" plants, pri- 
vately owned and operated, producing only 
crude helium (50 to 85 percent purity), 
almost all of which is purchased by the 
Bureau of Mines under the national helium 
conservation program; and (3) privately 


owned and operated plants producing 
helium for independent sale to commercial 
(non-Federal) customers. 

Total production of helium from all 
plants during 1968 was 4,854.8 million 
cubic feet. This is an increase of about 
3 percent over the 1967 production of 
4,712.3 million cubic feet. 


lSupervisory petroleum engineer, Helium Ac- 
tivity, Bureau of Mines, Amarillo, Tex. 


Table 1.—Ownership and location of helium extraction plants in the United States 


Owner or operator Location Type of production 
Bureau of Mines. ....................- Amarillo, Te Grade A helium. 
SI WEE Exell ! annan aS Do. 
| pr PEE E N ß 88 Keyes, Okla____ ---------- Do. 
IR EE Shiprock, N. Mex. Do. 
DO lide te km 88 Otis, Kans 223-4932 K ee Crude helium only. 
Cities Service Helex, Ine Ulysses, kans Do. 
National Helium Cord Liberal, Kang Do. 
Northern Helex Co. Bushton, Kong . . Do. 
Phillips Petroleum Co. .. Dumas, I 8 Do. 


Cities Service Cryogenics, Inc........... 
Linde Coo 5 


Hansford Co., "fex 
Navajo, Ari... 
Arizona Helium Cord SONUS La SE 
Teec Nos Pos, Ari 
Elkhart, Kang se 
Otis, Kans 
Scott City, Rang e 
Amarillo, e ecu 


Do. 
Grade A helium.“ 


o. 

Crude helium.4 

Grade A helium.? 
Do.š 

Crude helium.’ 5 

Grade A helium.? 


! Plant owned and operated by Bureau of Mines through July 1968. Ownership transferred to the Navajo 
Tribe of Indians and operated by Air Reduction Co. under lease. 


? Plant ceased operation April 30, 1968. 
3 Plant equipped to produce liquid helium. 
4 Crude helium is purified at Shiprock plant. 


5 Crude helium is shipped by pipeline to the Cities Service Helex plant for purification. 
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Table 2.—Helium production in 
the United States 


(Million cubic feet) 


Year Production 
1966 2. EE 4,606.1 
Kr 5.2 kate nom eet ee eie 4,712.3 
11% ³ u ĩð 1 is 4,854.8 


Bureau of Mines Plants.—At the begin- 
ning of 1968, the Bureau of Mines operated 
five Government-owned helium extraction 
plants. However, operations at the Otis, 
Kans. plant ceased at the end of April 
1968, and the plant at Shiprock, N. Mex., 
was transferred to the Navajo Indian Tribe 
in July. The plant at Otis, operated as 
part of the conservation program, produced 
15.5 million cubic feet of crude helium. 

Production from the other three Bureau 
plants, and the Shiprock plant while under 
Bureau ownership, was 677.7 million cubic 
feet, or about 5.2 percent less than the 
714.8 million cubic feet produced in 1967. 
Helium produced by the Bureau of Mines 
and not sold was stored at Cliffside Field, 
Tex. 


Conservation Plants.—Five privately 
owned and dperated helium extraction 
plants produced helium for sale to the 
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Bureau of Mines under long-term con- 
tracts for the Government's helium con- 
servation program. These plants produced 
only crude helium, principally for storage 
at Cliffsde Field, but two of the plants 
sold 133.1 million cubic feet in excess of 
conservation contract requirements to pri- 
vate helium plants for purification. Some 
of this excess helium was stored at Cliffside 
Field under contract with the private 
producers. During 1968, the five conserva- 
tion plants produced a total of 3,772.9 
million cubic feet of helium. The Bureau 
of Mines purchased 3,639.8 million cubic 
feet of this total, compared with 3,618.7 
million cubic feet purchased in 1967. 


Table 3.—Production of grade A helium 
by Bureau of Mines plants 


(Million cubic feet) 


Production 
Plant location 

1967 1968 

Amarillo, Tek 60.8 62.0 
Exell, een 273.8 270.2 
Keyes, Okla . 309.0 808.6 
Shiprock, N. Me 71.2 136.9 
Tot! u. ¿2 u e 714.8 677.7 


1 Production for period Jan-July, 1968, while 
plant was operated by Bureau of Mines. 


Table 4.—Helium purchased by the Bureau of Mines for conservation 


(Million cubic feet) 


Company and location of plant 1964 1965 1966 1967 1968 
Northern Helex Co., Bushton, Kans. ........ 493.9 585.1 565.5 654.9 618.1 
Cities Service Helex Inc., Ulysses, Kans...... 492.2 638.6 717.4 740.6 771.4 
National Helium Corp., Liberal, Kan 1,184.4 1,310.2 1, 303.7 1, 245. 6 1,211. 6 
Phillips Petroleum Co., Dumas, Te 458.7 513. 6 539.8 551.2 569.9 
Phillips Petroleum Co., Hansford Co., Tex 563.9 502.1 490.7 426.4 468.8 

Ke CH EE 3,193.1 3,549.6 3,617.1 3,618.7 3,639.8 


The helium purchased by the Bureau of 
Mines was transported to the Government- 
owned Cliffside gasfield by pipeline and 
was stored underground for future use. 
The storage operation was begun in 1962 
and, at yearend, 20,329 million cubic feet 
of helium was in storage. 


Private Plants.—The number of privately 
owned helium plants producing helium for 
sale to the non-Federal market increased 
from four to eight during 1968. One of 


Table 5.—Helium in conservation storage 


(Million cubic feet) 


Amount in 
Year storage on 
Dec. 81 

1964- EE 5,483.8 
J 8 9,072.8 
%. 112, 720.2 
/// ͤ escis cA 116, 527.0 
19. 8 120, 828. 5 


1 Includes helium stored for private companies 
under storage contracts and not owned by Bureau 
of Mines: 1966, 50.2 million cubic feet (MMcf); 1967, 
57.4 MMcf; 1968, 69.8 MMcf. 


HELIUM 


this number is the former Bureau of Mines’ 
plant at Shiprock, N. Mex., now operated 
by Air Reduction Co. for the Navajo 
Indian Tribe. The other three are new 
plants, two in Árizona and one in Kansas. 
This brings to three the number of private 
plants in both Arizona and Kansas. New 
Mexico and Texas have one each. 

One of the new plants, Cities Service 
Cryogenics at Scott City, Kans., produced 
only crude helium, but this crude was 
transported by pipeline to the firm's con- 
servation plant at Ulysses, Kans., where a 
purification and liquefaction plant was 
constructed. Another of the new plants, 
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that of Arizona Helium Corp. at Navajo, 
Ariz, began operations shortly before the 
year ended and produced only a small 
amount of crude helium in December. 
No grade A helium was produced. The 
Linde Co. plant in Amarillo, Tex., pur- 
chased only crude or pure helium from 
other plants for purification or liquefaction. 
Five of these private plants have facilities 
for liquefaction of helium. 

Production of grade A helium by pn- 
vately owned extraction plants in 1968 
totaled 388.7 million cubic feet. This is 
an increase of almost 30 percent over the 
300.2 million cubic feet produced in 1967. 


CONSUMPTION 


Bureau of Mines sales of grade A helium 
dropped from 607.0 million cubic feet 
( MMcf) in 1967 to 478.4 MMcf in 1968. 
Total sales of grade A helium from both 
Bureau and private sources decreased from 
907.2 MMcf in 1967 to 867.1 MMcf in 
1968. This was a decrease of about 21 
percent in Bureau sales but only about 
4.4 percent in total sales. Private industry 
sales increased by almost 30 percent from 
300.2 MMcf in 1967 to 388.7 MMef in 
1968. 


All Bureau of Mines’ shipments of helium 
were made in gaseous form in cylinders, 
railway tank cars, or highway semitrailers. 
The Bureau plant at Amarillo, Tex., is 
specially equipped to fill, process, load, 
and ship helium in standard gas cylinders 
(Interstate Commerce Commission 3A and 
3AA cylinders), and all cylinder shipments 


Table 6.—Shipments of grade A helium 
from Bureau of Mines plants, in 1968 


(Million cubic feet) 


Shipments 
Plant Federal Non- 

agencies Federal Total 

customers ! 
Amarillo, Tex....... 71.1 84.2 2105.3 
Exell, Tek 103.9 3.6 107.5 
Keyes, Okla......... 189.8 88.9 228.7 
Shiprock, N. Mex.... 35.6 1.8 36.9 
Total 400.4 78.0 478.4 


1A large part of this helium is redistributed by 
the non-Federal customers to Federal agencies and 
their contractors; hence, these data are not indicative 
of actual helium use by the Bureau’s customers. 

2 The Amarillo and Exell plants are connected by 
pipeline primarily serving the cylinder loading facility 
at the Amarillo plant. Thus, shipments from the 
Amarillo plant exceed plant production. 


Table 7.—Shipments of grade A helium from Bureau of Mines plants to various customers 


(Million cubic feet) 


Recipient 


Federal agencies: 
Department of Defense 
Atomic Energy Commission 
National Aeronautics and Space Adminis- 
Fr ð K 


dk ³o·’w 8 


1 Percentage of all shipments. 


1967 1968 
Quantity Percent ! Quantity Percent ! 
226.1 37.3 279.9 58.6 
39.3 6.5 28.5 6.0 
147.0 24.2 86.6 18.1 

5.5 .9 4.5 .9 
A .1 .9 .2 
418.6 69.0 400.4 83.7 
188.4 31.0 78.0 16.3 
607.0 100.0 478.4 100.0 


2 A large part of this helium is redistributed by the Bureau's non-Federal customers to Federal agencies 
and their contractors; hence, the data herein are not indicative of actual helium use by non-Federal customers. 
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originate there. All Bureau plants have 
facilities to load and ship both railway tank 
cars and semitrailers. Containers are rated 
to 4,000 pounds per square inch at 70° 
F. The Bureau does not produce liquid 
helium. 

Helium redistribution continued satis- 
factorily under contracts with the General 
Services Administration. The private com- 
panies purchase helium from the Bureau 
of Mines in bulk, repackage it in smaller 
containers, and distribute it to the helium- 
using Federal agencies. These contracts 
make relatively small quantities of helium 
readily available to the agencies and re- 
duce freight charges for small purchases. 

The largest user of helium in 1968 was 
again the Nation's space and missile pro- 
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gram. Private industry and research orga- 
nizations continue to use large quantities 
of helium each year. 


Table 8.—Grade A helium used in the 
United States 


(Million cubic feet) 


Year Quantity ! 
Ly WEE 718 
1905. thls Sea d 8 757 
é ¹·¹ww. d eee eee 948 
J%%WWffffffkßßßß 8 907 
TEE EECH 867 


1 Includes helium produced and sold by privately 
owned helium extraction plants. 


RESOURCES 


In 1968, the survey to locate the helium 
resources of the United States was con- 
tinued. A total of 472 natural gas samples 
from fields and wells in 20 States and six 
foreign countries were collected and 
analyzed for helium. 

Judging from the information now avail- 
able, no significant discoveries of helium 
were made in 1968; however, the future 
development of some new fields could 
increase estimates of reserves. 

As of December 31, 1968, helium re- 
serves of the United States were estimated 
to be 165 billion cubic feet. This estimate 
does not include the 20 billion cubic feet 
of helium in storage at Cliffside Field, 
Potter County, Tex., near Amarillo. Five 


major helium-bearing' gasfields located in 
the Texas Panhandle, Oklahoma Pan- 
handle, and southwestern Kansas contain 
over 80 percent of the helium reserves of 
the United States. These fields are (1) the 
Hugoton field in Kansas, Oklahoma, and 
Texas; (2) the Panhandle field of Texas; 
(3) the Keyes field in Oklahoma; (4) the 
Greenwood field in Kansas and Colorado; 
and (5) the Cliffside field in Texas. All 
of these fields are within 200 miles of 
Amarillo, Tex. The remaining helium re- 
serves are contained in 85 gasfields located 
in Arizona, Colorado, Kansas, Montana, 
New Mexico, Oklahoma, Texas, Utah, 
West Virginia, and Wyoming. 


FOREIGN TRADE 


Export licenses for helium are issued 
by the Office of Munitions Control, U.S. 
Department of State. Exports amounted to 
about 2 percent of the annual consumption. 


Most exported helium was used in funda- 
mental and applied research, in chroma- 
tography, and in various atomic energy 
applications. 


WORLD REVIEW 


The only helium extraction plant in 
operation in the free world besides those 
in the United States is located near Swift 
Current in Saskatchewan Province, Canada. 
The plant began production in December 
1963. It processes nonflammable helium- 


bearing gas from a small reserve. In 1967, 
the plant capacity was increased from 12 
million cubic feet of helium annually to 
36 million cubic feet. Most of the helium 
produced is said to be exported to Japan 
and other Asian countries, although some 
is used domestically. 
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Iron Ore 


By John L. Morning ! 


The year 1968 was marked by a plentiful 
supply of iron ore, despite an unprece- 
dented worldwide demand, as new mines, 
new iron ore pellet plants, and expansion 
of existing facilities came into production. 
World demand continued to grow as total 
world steel production rose 33 million tons 
over that of 1967. The domestic demand for 
iron ore also was strong with the steel 
industry producing at a high level despite 
a high rate of steel imports. 

Reported world resources of iron ore 
were expected to skyrocket when the re- 
sults of a worldwide United Nations study 
of resources is published. For North 
America, iron ore reserves totaled over 
40 billon tons and total resources, about 
225 billion tons. Exploration for new iron 
ore deposits continued throughout the 
world and several large discoveries were 
announced. 


A high degree of interest was shown in 
prereduced (metalized) pellets as new 
plants having a tctal annual capacity of 
3.5 million tons were under construction. 
No particular process predominated, with 
most of the plants designed to process an 
unusual type ore or to serve a particular 
marketing area. 

Japan’s quest for iron ore for its expand- 
ing steel industry made worldwide news 
with long-term contracts negotiated in 
numerous countries. An insight into trans- 
portation costs was obtained when a 
Japanese steel mill renegotiated a long- 
term iron ore contract with Brazil, and 
secured shipping costs of less than $0.50 
per ton per thousand miles for delivery 
to Japan in carriers of 90,000 and 105,000 


tons. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient iron ore statistics 


(Thousand long tons and thousand dollars) 


1964 
United States: 
Iron ore (usable; 1 less than 5 per- 
cent Mn 
Production Se eee eee 84,836 
Shipments ?................-- 84,300 
Value $802,331 
Average value at mines per 
CTT. Ec $9.52 
Exportg..... .. . sc deet kein 6,963 
Ä ˙¹ ma ERU ORE $79,670 
Imports for consumption 42,408 
NOs See 8 $421, 288 
Consumption- . . 132,328 
Stocks Dec. 31: 
At mines ). 10, 241 
At consuming plants 54,189 
At U.S. docks------------ 3,741 
Manganiferous iron ore (5 to 35 
percent Mn): Shipments 
World: Production...................- 2 573 ,449 


r Revised. 


1965 1966 1967 1968 
87,439 90,147 84,179 85,865 
84,0'78 90,041 82,415 81,934 
$801,350 $854, 134 $817,511 $836, 433 
$9 .53 $9.49 $9.92 $10.21 
7,085 7,779 5,906 5,884 
$80,418 $92,157 $71,585 $70,835 
45,108 46,259 44,611 48,941 
$443,788 8462, 854 8448, 918 $453 , 758 
131,888 134,047 127,424 181,758 
12 ,667 12,160 12,959 15,990 
53,799 54,658 55,121 53,232 
2,494 2,707 2, 987 2,797 
333 246 289 245 
611,187 625,799 615,588 670,943 


1 Direct shipping ore, washed ore, concentrates, agelomerates; and byproduct pyrites cinder and agglomerates. 


? Includes byproduct ore. 
3 Excludes byproduct ore. 
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Figure 1.—United States iron ore production and imports for consumption. 


DOMESTIC PRODUCTION 


Domestic usable iron ore production was 
2 percent above the 1967 level and in- 
creased in iron content to 59 percent from 
58 percent in the prior year. The Lake 
Superior district recorded a 2-million-ton 
production increase as output in the 
southeastern district continued to decline. 
Magnetite was the preferred ore, gaining 
nearly 9 million tons, while hematite pro- 
duction dropped 6 million tons, and brown 
ore output dropped about 600,000 tons. 

Crude ore production increased 12 mil- 
lion tons and in general followed the 
pattern of usable iron ore in that magnetite 
ore indicated a large increase in output, 
while a decline was noted for hematite and 
brown iron ores. Although production in- 
creased, the number of mines operating 
during the year dropped to 109 from 131 
in 1967. The Lake Superior district re- 
corded nearly 80 percent of the total 
output. Iron ore produced, by ranges, in- 
dicated that for the first time in recent 
history, no production was recorded in the 


Gogebic and Vermillion Ranges. Produc- 
tion in the Spring Valley Range remained 
at a low level. Underground mining con- 
tinued to decline providing only 5 percent 
of domestic production. 

As part of the world survey of iron ore 
resources conducted by the United Nations, 
the United States ore reserve was reported 
at 7.5 billion tons and potential ore at 96 
billion tons for a total resource of 104 
billion tons of iron ore. This estimate 
excluded large reserves of economically 
treatable taconite ores which could add a 
possible 3 billion tons to the total. 

At midyear, the first unit trainload of 
iron ore pellets was shipped from the Pilot 
Knob Pellet Co., in southeastern Missouri, 
to the Granite City Steel Co. in Illinois. 
The new facilities at Pilot Knob, operated 
by the Hanna Mining Co., has an annual 
capacity of 1 million tons of pellets, which 
will be consumed by Granite City’s ex- 
panded steel plant. 


IRON ORE 


Early in 1969 Pickands Mather & Co. 
(PMC) became a wholly owned subsidiary 
of the Diamond Shamrock Corp. PMC 
acts as the manager for seven operating 
iron ore properties owned by major steel 
companies in the United States, Canada, 
Italy, and Japan. PMC has ownership in 
three of the properties. Three of the prop- 
erties are in Minnesota, three in Canada, 
and one ir. Australia. Five of the properties 
produce iron ore pellets. 

United States Steel Corp.’s (USS) 
domestic operations produced 18.2 million 
tons of iron ore, including 4.6 million tons 
of iron ore pellets from its taconite plant 
in Minnesota, according to its annual re- 
port. Shipments by wholly owned sub- 
sidiaries in Venezuela and Canada totaled 
21.1 million tons. 

Reportedly, USS would exploit its iron 
ore deposits at Klukwan, Alaska, under a 
joint venture with Japanese concerns, if 
Japanese steel companies would guarantee 
to purchase all of the output. The Japanese 
were studying the feasibility of the project 
including grinding and pelletizing the ore 
onsite or in Japan. A deterrent to the project 
is the titanium content of 2 to 3 percent 
in the ore. 

Sovereign Industries Inc. (Arizona) con- 
tinued discussions throughout the year with 
Japanese interests on a proposal to supply 
5 million tons annually of iron ore pellets 
for 10 years. According to Sovereign and 
its consultants, the project would supply 
pellets at costs competitive with other 
worldwide suppliers. 

During the year, Kaiser Steel Corp. 
shipped for the first time over 6 million 
tons of iron ore and pellets from its Cali- 
fornia Eagle Mountain mine. À total of 
3.2 million tons, including 2 million tons 
of pellets, was exported to Japan, while 


5/3 


3 million tons including nearly 500,000 
tons of pellets was shipped to its own 
facilities at Fontana, Calif. 

USS constructed new ore washing facili- 
ties at its Sherman mine (Minnesota). The 
equipment was designed to improve the 
iron content and structure of iron con- 
centrate. 

Major alterations were scheduled for 
the National Steel pellet plant ( Minnesota) 
of the Hanna Mining Co. To insure pro- 
duction of pellets, a new pelletizing section 
will be installed to match the 2.4-million- 
ton annual capacity of the present facility. 
The work was scheduled for completion 
early in 1969. 

Iron ore pellet shipments in Minnesota 
continued to make news as Erie Mining 


Co. set a new record high of 10.7 million 


tons followed by Revere Mining Co. with 
9.5 million tons. Near yearend, Eveleth 
Taconite Co. shipped its 5 millionth ton 
of pellets, of which 1.7 million tons was 
shipped in 1968. 

Economics was the principal reason given 
by McLouth Steel Corp. for not developing 
its taconite ore deposits in Ashland County, 
Wis. Studies indicated that a pellet of 
desired quality could not be economically 
produced. Original research produced pel- 
lets too high in silica and too low in iron 
content. Improved processing techniques 
produced pellets of the desired quality, but 
plant costs were too high for economic 
development. 

At yearend, construction was well under- 
way at Black River Falls, Wis., for an iron 
ore concentrating and pelletizing plant for 
Jackson County Iron Co., a subsidiary of 
Inland Steel Co. The plant, to have an 
annual capacity of 750,000 tons, was 
scheduled for completion by late 1969. 


CONSUMPTION AND USES 


The method of reporting iron ore con- 
sumption adopted in 1963 was continued 
in 1968. Concentrate used for agglomerate 
produced at mine sites was not reported 
as iron ore consumption. Its consumption 
was reported when the agglomerate pro- 
duced was shipped to the furnace site and 
used. However, concentrate and fines used 
for agglomerate production (mainly sinter) 
at blast furnaces and steel mills was re- 
ported as iron ore consumed. This method 
of reporting gives a valid balance between 


reported consumption and iron ore supply 
(production plus imports less exports in- 
cluding adjustments for losses due to proc- 
essing and transporting). 

Iron ore consumed in making agglom- 
erate at steel mills includes foreign and 
domestic direct-shipping ores, fines gen- 
erated in shipping, and foreign and domes- 
tic iron ore concentrate. Other materials 
such as limestone, flue dust, mill scale, and 
Coke breeze used in making agglomerates 
was excluded. 
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Total consumption of iron ore and ag- 
glomerate is generally equivalent to total 
tonnage of steel production. For 1968, 
about 132 million tons was consumed, 
mainly in blast and steel furnaces. A minor 
quantity, 468,000 tons, was consumed in 
making paint, cement, and in production 
of ferroalloys. The consumption of iron 
ore for these minor uses was about the 
same as in 1967, whereas total consumption 
increased by over 4 million tons. 
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Although the consumption of agglom- 
erate has remained relatively constant dur- 
ing the past 5 years, the direct consumption 
of iron ore in steel furnaces has steadily 
decreased, reflecting the increased percent- 
age of steel produced in the basic oxygen 
furnace which does not use iron ore. At 
the same time, consumption of iron ore 
pellets increased from 22 million tons in 
1964 to nearly 41 million tons in 1968. 


STOCKS 


Iron ore stocks at mines, U.S. docks, and 
consuming plants, excluding byproduct ore, 
totaled 72 million tons at yearend, about 
1 million tons more than at yearend 1967. 
Mine stocks of 15 million tons increased 
about 3 million tons and were located 
mainly in the Lake Superior district, 


whereas stocks at consuming plants dropped 
2 million tons and U.S. dock stocks were 
about equal to those of 1967. 

Although steel production was at a 
record high, stocks of iron ore were main- 
tained and represented a 7 months’ supply 
at yearend. 


PRICES 


The average value of domestic usable 
ore per long ton f.o.b. mines, excluding 
byproduct ore, was $10.21, compared with 
$9.92 in 1967 and $9.49 in 1966. These 
data were taken from producers’ state- 
ments and approximated the commercial 
selling price less the cost of mine-to-market 
transportation. 

Published base prices for Lake Superior 
iron ores remained unchanged during 1968. 
The last price movement was in 1963 
following a reduction in Great Lakes freight 
rates that was passed on to the purchaser. 
Late in the year, USS announced that its 
1968 ore price schedule would prevail for 
1969. 

The 1968 quoted prices for Lake Superior 
ore, 51.5 percent iron, at rail of vessel, 
lower lake ports, per long ton were as 
follows: Mesabi  nonBessemer, $10.55; 


Mesabi Bessemer, $10.70; Old Range non- 
Bessemer, $10.80; and Old Range Bessemer, 
$10.95. Corresponding base long ton unit 
values were $0.20485, $0.20777, $0.20971, 
and $0.21262, respectively. Lake Superior 
pellets were quoted at $0.252 per long ton 
unit; Marquette open-hearth lump, $12.60 
per long ton; and Vermillion open-hearth 
lump, $13.15 per long ton. 

Published minimum prices for selected 
foreign ores were as follows: 


Brazi—Run of mine (68-69 percent 
iron) f.o.b. Atlantic ports, $8.50 per 
long ton; lump, $10.40 per long ton. 
Sweden—lIron ore pellets (minimum 
68 percent iron) f.o.b. Atlantic ports, 
$14.00 per long ton, nominal. 
Venezuela—Orinoco No. 1 (58 per- 
cent iron) f.o.b. Puerto Ordaz, $7.88 
per natural long ton. 


TRANSPORTATION 


Early in the year, the National Trans- 
portation Safety Board recommended that 
Great Lakes bulk cargo ships either be 
strengthened at midship or to stay in port 
during major storms. The requirement was 
for vessels of over 400 feet in length and 
constructed of pre-1948 steel. 

The St. Lawrence Seaway began its 
10th season on April 10. Despite a 24-day 
workstoppage by members of the Canadian 


Brotherhood of Railway Transport and 
General Workers, over 21 million tons of 
iron ore was transported through the water- 
ways and accounted for 32 percent of total 
traffic. A total of 17.9 million tons moved 
westbound through the  Montreal-Lake 
Ontario section, of which 3 million tons were 
received by Canada. Iron ore moved both 
ways through the Wellington section and 
totaled 18.3 million tons. Of the total, 15.4 
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million tons moved westbound and 2.9 mil- 
lion tons was routed eastbound. Of the 2.9 
million tons routed eastbound, 2.4 million 
tons originated in the United States. 

In October 1967, the world’s first long- 
distance slurry pipeline for transporting 
iron ore was placed in service by Savage 
River Mines (Australia). After operating 
for more than a year, the pipeline was 
reported to be an unqualified success with 
only some maintenance problems to be 
solved. In a related development, Marcona 
Corp. made initial trial shipments of iron 
ore slurry from Peru to Japan. The experi- 
ence gained will be used to design a special 
iron ore slurry carrier. Plans call for de- 
livery of slurry in a 40,000-ton carrier to 
supply the new prereduction plant of 
Oregon Steel Mill division of the Gilmore 
Steel Corp. (Oregon). Marcona will pump 
the slurry from the vessel using river water 
to assist in removing the slurry from the 
carrier. 

Ground was broken for a new ship 
assembly facility at Erie, Pa., by Erie 
Marine Division of Litton Industries Inc. 
Construction was scheduled so that the first 
bulk ore carrier for Great Lakes service 
would be started by yearend. New con- 
cepts will be employed at the facility by in- 
troduction of production line techniques. 
Midsections of the vessels will be of mod- 
ular construction and will be joined by an 
automatic welding process. Bow and stern 
sections will be subcontracted or built by 
Litton, whichever is more economical. This 
new approach to ore carrier construction 
was expected to result in substantial econo- 
mies. It was expected that within 5 years, 
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15 to 20-of these new large lake carriers 
would be constructed. 

Bethlehem Steel Corp. contracted with 
Litton for a 1,000-foot-long, self-unloading 
Great Lakes carrier designed to handle 
51,500 tons of iron ore pellets. An ad- 
vanced unloading system was specified 
which would be capable of discharging 
pellets at a rate of 20,000 tons per hour. 
The greatly reduced turnaround time and 
large tonnage to be handled should bring 
new economies to Great Lakes iron ore 
transportation. The vessel was scheduled 


for delivery in 1970. 


An indication of the economic effect of 
large-sized vessels was made when Fuji 
Iron & Steel Co. Ltd. (Japan) and Cia. 
Vale do Rio Doce (Brazil) reached an 
agreement for future freight rates under 
their long-term contract for 50 million tons 
of iron ore negotiated in 1966. The original 
contract called for a freight rate of $7.34 
per ton for shipment in 50,000-ton carriers. 
The new agreement calls for a reduction of 
$1.64 per ton for delivery in 90,000-ton 
carriers and $2.06 per ton for 105,000-ton 
carriers. The use of these larger sized 
carriers reduced shipping charges to under 
$0.50 per ton per thousand miles. 

Owing to the trend in construction of 
larger size ore carriers and long-term 
Japanese ore contracts that call for im- 
proved port facilities, a number of port 
expansions were underway throughout the 
world. In addition to deepening channels 
and extending berthing length, material 
handling equipment was being improved 
to reduce turnaround time. 


FOREIGN TRADE 


Exports of iron ore were at the same 
rate as those of 1967 with most of the 
shipments going to Canada and Japan. 
Quantity of imports dropped slightly while 
value increased $0.38 per long ton com- 


pared with that of 1967. The higher value 
reflected increased shipments of iron ore 
pellets. Imports from Canada increased 2 
million tons to partially offset a 2.5-million- 
ton decrease in Venezuelan shipments. 


WORLD REVIEW 


Algeria.— Algeria continued efforts to 
expand its share of the iron ore market. 
Agreements were made to export 600,000 
tons to the U.S.S.R., 250,000 tons to Japan, 
and 300,000 tons to Rumania. The agree- 
ments included purchase of 40,000 tons of 
pipe from Japan, and assistance from the 
Soviets in the discovery and development 
of new mineral deposits. 


Angola, Iron ore production in Angola 
increased significantly owing to increased 
production at Companhia Mineira do 
Lobito’s Cassinga mine. Production plans 
call for exports to increase to 5 million 
tons by 1970. Total ore reserve of the 
eluvial deposits, locally called “pebble ore, 
was estimated at over 70 million tons. 
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Iron ore deposits in the Cassala region, 
east of Luanda, was being investigated by 
Companhia do Manganese de Angola in 
conjunction with the Klóckner Werke A.G. 
steel firm in West Germany. Reserve of 
low-grade ore in the area was estimated at 
500 million tons. If a feasibility study is 
implemented, an iron ore pellet plant with 
1.5 million tons capacity would be con- 
structed. 

Australia.—Australias iron ore mining 
industry continued to expand at a rapid 
rate. It was estimated that by 1975, Aus- 
tralia would be exporting 40 to 50 million 
tons per year, including nearly 35 to 40 
percent of Japan's expected requirements. 

Western Australia.—Initial operation of 
Broken Hill Pty. Co. Ltd.’s (BHP) new 
pellet plant at Whyalla occurred in May, 
while export of pellets to Japan began in 
October. Most of the planned output of 
1.5 million tons of iron ore pellets was 
scheduled for export to Japan. A contract 
with Japanese steel mills called for delivery 
of almost 10 million tons from 1968—76. 

After 3 years of negotiations, it appears 
that the Robe River iron ore deposit may 
be developed. Agreement was reportedly 
reached between Japanese steel interests 
and an Australian-United States group for 
the delivery of 4.2 million tons of pellets 
annually over a 21-year period. Negotia- 
tions on delivery of 2.6 million tons of 
crushed iron ore over a 15-year period 
continued. 

Goldsworthy Mining Ltd. negotiated two 
contracts with Japanese steel mills for addi- 
tional iron ore delivery. The larger contract 
calls for delivery of 10 million tons (5 
million tons of lump ore and 5 million tons 
of fines) over a 10-year period. The other 
contract was for over 1 million tons per 
year of iron ore fines over a 5-year period. 
During its fiscal year 1967—68, Goldsworthy 
shipped in excess of 4 million tons to con- 
sumers. In September, an offer was made 
to Japanese steel mills for additional ore. 
If accepted, production would increase to 
8 million tons during the next 5 years. 

The year was one of expansion for 
Hamersley Iron Pty. Ltd. as shipments 
increased to 9.1 million tons from 5.2 mil- 
lion tons in 1967. An iron ore pellet plant 
with an annual capacity of 2 million tons 
started operation early in the year. An 
agreement was made with the state 
of Western Australia which increased 
Hamersley's ore reserves. The Paraburdao 
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mining area with 300 million tons of high- 
grade hematite ore, proved by drilling, was 
acquired and in return Hamersley was re- 
quired to produce metallized iron ore pel- 
lets at the rate of 1 million tons annually 
by 1971 and to initiate mining operations 
at Paraburdao. An agreement between 
Hanwright Iron Co. and the State of 
Western Australia was amended to allow 
Bruce Mountain Mining Pty. Ltd., (BMM) 
to acquire iron ore reserves held by Han- 
wright. BMM is 75 percent owned by 
Hammersley. 

The Mount Newman joint venture proj- 
ect was proceeding on schedule for produc- 
tion of high-grade iron ore in 1969. Initial 
facilities were designed to produce 5 million 
tons annually with eventual expansion to 
a minimum of 20 million tons. Additional 
contracts were negotiated with. Japanese 
steel mills for 46 million tons for long-term 
delivery. This increased the future total 
tonnage sold to Japanese mills to 146 mil- 
lion tons. In addition, 78 million tons of 
ore has been sold to BHP, bringing total 
sales to 216 million tons before the mine 
initiates operations. 

Tasmania.—Savage River Mines brought 
into production facilities to produce 2.25 
million tons of iron ore pellets. A novel 
feature of the facilities was the 53 mile 
pipeline through which iron ore concen- 
trate was transported to the pellet plant 
site. Run-of-mine ore contains 38 percent 
iron which was beneficiated to 67-percent- 
iron concentrate. 


Brazil.—Cia. Vale do Rio Doce (CVRD) 
negotiated a contract to supply Japanese 
steel mills 2.8 million tons of iron ore over 
an 8-year period beginning in 1971. The 
company plans to double production and 
exports by 1971 to 20 million tons an- 
nually, including 2 million tons of pellets 
from its plant at Tubarão which is sched- 
uled for operation in 1969. 

Major iron ore deposits discovered in the 
State of Pará by Cia. Meridional de 
Mineragáo (CMM), a subsidiary of United 
States Steel Corp., are extremely large and 
will require time for complete exploration. 
Reportedly, CMM and CVRD will con- 
tinue exploration, but commercial exploita- 
tion cannot be expected until 1975. 

A Geological Survey professional paper, 
discussed the geology and iron deposits of 
western Serra do Curral, Minas Gerais, 
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Brazil? Total iron resources of the area 
include nearly 120 million tons of indi- 
cated and inferred reserves of high- and 
low-grade ore and more than 1,600 million 
tons of potential resources. 

Canada.—Canadian iron ore shipments 
increased for the seventh consecutive year, 
reaching a record high of 44 million tons. 
Annual iron ore capacity was about 47 
million tons at yearend, which includes 
over 25 million tons of iron ore pellet 
capacity. 

A detailed survey of Canadian iron ore 
resources was carried out by the Geological 
Survey of Canada as part of the world 
survey of iron ore resources, sponsored by 
the United Nations. The study indicated 
that Canadian iron ore resources include 
33 billion tons of ore reserves and 87 billion 
tons potential resource for a total resource 
of 120 billion tons of ore, ranging from 
10 to 68 percent iron. Most of the ore 
reserve was located in the Labrador geo- 
syncline region. 

Ontario.—The Steel Company of Canada 
Ltd.’s Griffith mine, at Bruce Lake, initi- 
ated operations early in the year and was 
officially opened in June. The beneficiation 
plant with an annual capacity of 1.5 million 
tons per year treats run-of-mine ore grad- 
ing 26 percent iron to produce 66 percent 
iron ore pellets. About 6 tons of ore was 
required for 1 ton of shippable pellets. Ore 
reserve was reportedly 25 to 30 years at 
Capacity operation. 

Falconbridge Nickel Mines Ltd. an- 
nounced plans to construct a concentrator 
in the Sudbury area to produce 330,000 
tons annually of iron ore pellets containing 
90 percent iron and 1.5 percent nickel. The 
plant was scheduled for operation late in 
1969. 

The Sherman Mine, a joint venture 
owned by Dominion Foundries & Steel 
Ltd. and Tetapago Mining Co. Ltd., a 
wholly owned subsidiary of The Cleveland- 
Cliffs Mining Co. Ltd., was placed in 
operation early in 1968 and reached full 
capacity by midyear. The new concen- 
trator and pellet plant treats low-grade 
crude iron ore averaging 24 percent mag- 
netic iron in producing iron ore pellets 
containing 65 percent iron and 7 percent 
silica. 

Quebec.—lron Ore Company of Canada 
(IOC) completed an expansion of its Carol 
pellet plant and planned to expand its 
docking and loading facilities at Sept-Iles. 
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The new dock will be capable of handling 
vessels up to 150,000 tons and will be able 
to load iron ore or pellets at 15,000 tons 
per hour. IOC, Canada’s leading producer 
of iron ore, shipped a record 16.5 million 
tons of ore during the year, comprised of 
9 million tons of iron ore pellets, 6.5 million 
tons of direct shipping ore, and about 0.9 
million tons of concentrate. 

Chile. — Bethlehem-Chile Iron Mines 
Company negotiated a contract for be- 
tween 7.7 and 11.5 million tons of iron ore 
with Japanese steel firms. Delivery will be 
made over an 8-year period starting in 
1971. Bethlehem planned to expand pro- 
duction at its El Romeral mine from 3 
million tons per year to over 4 million tons 
per year by 1970. 


Gabon.— Bethlehem Steel Corp. pre- 
sented a proposal to Japanese steel com- 
panies for participation in an international 
syndicate to develop the Mekambo iron ore 
deposit. The syndicate has obtained the 
concession for development of the deposit 
from the Gabon Government. Bethlehem 
requested Japanese participation in the 
project on the condition that Japan share 
10 percent of the development cost which 
will total $200 to $300 million. 


Hungary.—A new concern, Borsod Ore 
Dressing Co., planned to begin operation 
of an iron ore beneficiation plant with an 
annual capacity of 1.5 million tons by 
yearend. The new plant is important to 
Hungary as 90 percent of its ore require- 
ments are imported, mainly from the 
U.S.S.R. During 1968, imports from the 
U.S.S.R. were expected to total 2.5 million 
tons, rising to 3 million tons in 1970. 


India.—The iron ore industry was 
India's third most important foreign ex- 
change earner. Production totaled 27 mil- 
lion tons of which 15.4 million tons was 
for export and the balance for domestic 
iron and steel producers. High-grade iron 
ore reserve was estimated at 21 billion tons, 
recoverable by open-pit mining methods. 
Over 6 billion tons of iron ore was listed 
as measured or indicated, while nearly 15 
bilion tons was in the inferred category. 
The Government of India agreed to enter 
into a joint venture with United States 


and Japanese interests to study the feasi- 


? Simmons, George C. Geology &nd Iron De- 
posits of the Western Serra do Curral, Minas 
Gerais, Brazil. U.S. Geol. Survey Prof. Paper 
3418, 1968, 57 pp. 
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bility of development of the Kudremukh 
iron ore deposits in the State of Mysore. 
If the deposit is economically exploitable, 
production of ore would initiate in 1974 
or 1975 at a rate of 4 million tons of con- 
centrate annually. Ore reserve was esti- 
mated at 1 billion tons of ore that could be 
beneficiated to a salable product. 

The Bailadila iron ore project in Madhya 
Pradesh was formally commissioned in 
November 1968. The project, which is the 
largest mechanized mine in India, was 
developed under an agreement between the 
Government of India and Japanese steel 
producers for an annual export of 4 million 
tons of iron ore to Japan. Shipments were 
made through the mechanized loading 
facilities at Visakhapatnam. The Govern- 
ment reportedly approved an expenditure 
of $41.3 million for an outer port expan- 
sion to accommodate 150,000-deadweight- 
ton ore carriers, with drafts of more than 
50 feet. This would increase the port's 
iron ore export capacity from the present 
3 million tons to approximately 10 million 
tons. 


Japanese steelmakers contracted for 8.5 
million tons of various Indian iron ore from 
India Minerals and Metals Trading Corp. 
Delivery was scheduled over a 3-year 
period. 


Iran.—The U.S.S.R. was reported to 
have designed a mining complex for the 
Chogart area which will supply iron ore to 
a steel plant at Isfahan. The plant was 
scheduled for operation in 1971 with plans 
to increase ore production to 4 million tons 
per year. Ore reserve was estimated at 15 
million tons for open-pit mining and 40 to 
100 million tons by underground methods. 
The ore contains 58 to 62 percent iron. 


Japan.—]apan continued its worldwide 
search for iron ore for its expanding steel 
industry. Contracts for long-term delivery 
were signed with a number of nations 
throughout the world. According to the 
Japanese Ministry of International Trade 
and Industry, to meet Japan's planned out- 
put of 80 million tons of raw steel by 
1970 or 1971, 86 million tons of iron ore 
will have to be imported. Japan's consump- 
tion of iron ore during its fiscal year 
1967—68 totaled 66 million tons. 


Korea, North.— Japanese steelmakers con- 
tracted for 485,000 tons of iron ore from 
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North Korean Fuels and Minerals Export 
and Imports Corp. Delivery was scheduled 
for 1968 with a price of $7.50 per ton 
f.o.b. for ore containing 59 percent iron. 


Liberia.— During 1968, Liberian iron ore 
production totaled 19.3 million tons while 
exports for the year totaled 18.6 million 
tons. Production at Liberia Mining Co. Ltd. 
and National Iron Ore Co. Ltd. declined 
slightly from 1967 levels from 2.8 to 2.7 
and from 3.6 to 3.3 million tons, respec- 
tively, while Bong Mining Co. and the 
Liberian-American-Swedish Minerals Co. 
(LAMCO) increased production over 1967 
totals from 3.7 to 4.1 and from 8.0 to 8.9 
million tons, respectively. LAMCO’s pro- 
duction included 1.2 million tons of pellets 
which sold at more than $11 per ton. This 
price was in contrast to that paid for 


‘some grades of crude ore which sold at 


less than $7 per ton. 

Bong Mining Co. carried out exploration 
of iron ore deposits in the Putu Range of 
southeastern Liberia while exploration of 
iron ore deposits in the Wologisi Range of 
northwestern Liberia was carried out by 
the Liberia Iron and Steel Corporation. 

West Germany continued to be the lead- 
ing importer of Liberian iron ore with 
imports of 6.0 million tons during 1968. 
Italy, with imports of 2.6 million tons, 
was the second largest purchaser of 
Liberian iron ore, slightly ahead of the 
United States which purchased 2.6 million 
tons. 


Mauritania.—Société des Mines de Fer 
de Mauritanie (MIFERMA), one of the 
larger iron ore producers in Africa, con- 
tinued its outstanding performance. The 
hematite ore, notable for its low sulfur and 
phosphorus content, was mined by open pit 
methods and transported 400 miles to the 
shipping dock at Port Etienne. Ore re- 
serve of the main ore body was estimated 
at 200 million tons. 


Mexico.—Plans continued for the ex- 
ploitation of the Pefia, Colorada iron ore 
deposits in the State of Colima. An iron 
ore pelletizing plant with an annual capac- 
ity of 1.2 million tons was under considera- 
tion. Ore reserve was estimated at over 100 
million tons. 

Cía. Cerro del Mercado S.A., a sub- 
sidiary of Cía. Fundidora de Fierro y Acero 
de Monterrey, S.A., started operations at 
its new heavy-media beneficiation plant. 
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The plant was expected to produce 800 
tons per day of concentrate containing 62 
percent iron. 


Netherlands.—Four German steel firms, 
August Thyssen-Hütte A. G., Oberhausen. 
Krupp, and Mannesmann formed a cor- 
poration at Rotterdam to construct an ore 
terminal for transshipment of ore up the 
Rhine in barges. Facilities for unloading up 
to 50,000 tons per day will be available and 
ships of up to 150,000 tons deadweight 
will be accommodated. 


New Zealand.—New Zealand Steel Ltd. 
continued construction of facilities to proc- 
ess iron-sands to steel by the use of a 
Stelco-Lurgi reduction kiln and an electric- 
arc steelmaking furnace. Operation was 
scheduled for April 1969. Iron-sand is 
titaniferous magnetite and concentrate of 
this material contains 60 percent iron and 
7 to 8 percent titanium dioxide (TiOs). 
The process calls for producing an iron- 
sand concentrate that is pelletized, with 
reduction of the pellets to sponge iron 
prior to making steel in the electric arc 
furnace. Capacity of the plant was re- 
portedly 150,000 tons of steel annually. 


Norway.—Construction was underway 
for a new iron ore pelletizing plant near the 
arctic circle by A/S Sydvaranger. Scheduled 
for completion in 1969, the 1.2-million-ton 
plant will increase iron ore production 
capacity to 3.4 million tons annually. 


Portugal.—Lurgi Gesellschaft fur Chemie 
und Huttenwessen of Frankfort, a German 
firm holding a concession from the Portu- 
guese Government to develop iron deposits 
in the Moncorvo iron field of northeast 
Portugal, announced plans for construction 
to start on an iron ore pellet plant in Janu- 
ary 1969. Pilot-plant studies and economic 
evaluations were made by the firm to justi- 
fied selling on the international market. 
The ore reserve was reported to contain 300 
million tons. 


Sierra Leone.—During the year, Sierra 
Leone Development Co. (DELCO) in- 
creased its shipments of iron ore to a 
record 2.5 million tons. DELCO concluded 
a long-term contract to supply iron ore 
concentrate from its Marampa mine to 
three Japanese steel mills. The contract 
covers shipments of 400,000 tons during 
1968 and the first half of 1969; thereafter, 
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shipments would be at an annual rate of 
1.1 million tons for 10% years. Under 
terms of the contract, the port of Pepel 
would be improved to handle ore carriers 
of 90,000-ton capacity. 


South Africa, Republic of.—South Afri- 
can Iron and Steel Corp. (ISCOR) offered 
to supply 5 million tons of iron ore an- 
nually to Japan. At yearend, final arrange- 
ments were made to supply Japanese 
interests 1.2 million tons annually over a 
3-year period, beginning in 1969. 


Spain.—A new Government mining 
policy hopes to raise iron ore production 
from the 1967 level of 5 million tons to 
13.4 million tons by 1973. Under the 5- 
year program, mining concerns that par- 
ticipate will receive credits as well as tax 
concessions. 


Sweden.— Luossavaara-Kiirunavaara 
a.-b., the state-owned iron ore mining com- 
pany, set a new record by shipping 25.5 
million tons. The Grangesberg Co., the 
largest private concern, also set a new 
record high by shipping 3.6 million tons. 
Most of Sweden’s production is exported 
to West Germany, Belgium-Luxembourg, 
and the United Kingdom. Considerable 
interest was shown in Grangeberg’s new 
cold bonded iron pellets. The new pelletiz- 
ing process uses finely ground cement 
clinker as the bonding agent for iron ore 
fines. A pellet plant under construction 
was expanded to 1.2-million-ton capacity. 


U.S.S.R.—The British based Davy-Ash- 
more group secured a contract from the 
U.S.S.R. for a $10.2 million pelletizing 
plant to be erected in the Krivoi Rog ore 
field. Lurgi's process and designs will be 
used, with Ashmore manufacturing most of 
the equipment. 


Venezuela.—The majority of Venezuela's 
iron ore production was essentially limited 
to two companies, the Orinoco Mining Co., 
(OMC), a subsidiary of USS, and Iron 
Mines Co. of Venezuela, C.A. (IMC), a 
subsidiary of Bethlehem Steel Corp. OMC 
exported 12.7 million tons during the year 
of which 7.7 million tons was received by 
the United States. IMC exported 2.9 mil- 
lion tons to Bethlehem’s Sparrows Point, 
Md., plant. 

OMC concluded agreements with the 
Venezulean Government to construct an 
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iron ore beneficiation and pelletizing plant 
of 1-million-ton capacity in Ciudad 
Guayana. Initial construction of the plant 
began at midyear and will feature a 
fluidized-bed gaseous reduction of concen- 
trate to produce an 86.5-percent iron prod- 
uct that will be briqueted. Construction 
plans call for plant operation in 1970. 
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Consideration was being given to the 
development of the San Isidro iron deposits 
which contain an estimated 350 million 
tons of high-grade iron ore. An inter- 
national consortium of four companies 
signed a contract with the Government to 
determine the feasibility of producing 4.5 
million tons of iron ore including 2.5 
million tons of iron ore pellets. 


TECHNOLOGY 


Owing to the size of the iron ore indus- 
try, technologic advance moves slowly, al- 
though great strides have been made in 
recent years. Most of the technology has 
been directed at cost reduction as the 
industry has been faced with increasing 
worldwide competition. High-cost under- 
ground mines and marginal mines con- 
tinued to phase out as the development of 
lower cost open-pit taconite-type deposits 
and worldwide high-grade iron ore deposits 
continued. 


The technology of iron ore movement 
continued to advance. Larger iron ore 
Carriers were either under construction or 
under contract, and even larger carriers 
were on the drawing boards. Ports were 
being deepened or plans for deepening 
were under consideration as some long- 
range contracts called for delivery of ore 
in large carriers. The dramatic growth in 
size of ocean ore bulk carriers during the 
past 15 to 20 years was expected to con- 
tinue into the 1970's. In 1950, the largest 
ore carrier was Bethlehem Steel Corp.’s 
24,500-ton Venore. During the past year, 
a 154,000-deadweight-ton carrier, for dry 
bulk service, was under construction and 
under consideration for the 1970's were 
carriers ranging up to 250,000 tons. 

The technology of prereduced pellets 
continued to move ahead with announce- 
ments of new plants under construction. 
Midland-Ross Corp. will employ a gaseous 
reduction proces to make 90 percent 
metallic iron pellets for Gilmore Steel Corp. 
(Oregon). Orinoco Mining Co. (Vene- 
zuela) planned to complete a plant in 1970 
to produce 86.5 percent metallic iron 
briquets by the HIB process. New Zealand 
Steel Ltd's (New Zealand) plant will use 
a Stelco-Lurgi process to produce sponge 
iron from iron-sands. Hamersley Iron Pty. 
Ltd. (Australia) performed test work on 
a process similar to the Stelco-Lurgi process 


and was committed to build a 1-million-ton 
plant by 1970. 

Highveld Steel and Vanadium Corp. 
(Republic of South Africa) brought into 
production facilities to produce steel by 
direct reduction of ore. The Highveld ore 
contains 56 percent iron, 13 percent tita- 
nium dioxide, and 1.5 to 1.9 percent vana- 
dium pentoxide. At yearend, McWane 
Cast Iron Pipe Co. (Alabama) was in the 
final construction stages of a new plant to 
produce pig iron by utilizing the D-LM 
process for direct reduction of iron ore. 

Conclusion of a long-term development 
program resulted in an announcement by 
Falconbridge Nickel Mines Ltd. (Canada) 
that construction of a plant to produce pre- 
reduced iron ore pellets from pyrrhotite 
would be started. The facility will have a 
capacity of 300,000 tons of iron ore pellets 
annually containing 90 percent iron and 
1.5 percent nickel. Sulfur will be recovered 
at an adjacent plant operated by Allied 
Chemical Canada Ltd. 

These various processes bring to a com- 
mercial-scale technology that has been 
developed over a period of years. Most of 
the plants were designed to treat a unique 
type of ore, or to serve a particular geo- 
graphic area. For small integrated iron 
and steel plants, it appears that direct 
reduction of iron ore is economically feasi- 
ble and the process may challenge blast 
furnaces in the future. 

Mesabi semitaconite and oxidized taco- 
nite ores that cannot be concentrated by 
froth flotation can be rendered amenable 
to flotation through partial concentration 
in a high-intensity wet magnetic separator 
according to a study conducted by the 
Minnesota Mines Experiment Station. 


3 Lawver, J. E., J. L. Wright, and H. R. 
Kokal. The Behavior of Mesabi Iron and Silicate 
Minerals in 20-Kilogauss Magnetic Fields. Trans. 
o ME Eng., v. 241, No. 2, June 1968, pp. 
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A trilogy of Bureau research reports 
showed efforts made to obtain a wide 
knowledge of the problems encountered in 
melting titaniferous magnetites.* Using hot- 
stage microscope and  melting-holding- 
quenching (strip furnace) techniques, slags 
with liquidus temperatures ranging from 
1,217° to 1,900? C were studied with 
attempts being made to predict satisfactory 
slag compositions in smelting the magnet- 
ites to pig iron in an electric furnace. 

The Bureau of Mines investigated the 
conversion of nonmagnetic iron minerals 
to magnetic form through reduction roast- 
ing operations. Results of the study indi- 
cated that an iron concentrate of 66 
percent iron with over 90-percent iron 
recovery could be achieved using a com- 
bination of crude siliceous iron ore, pyritic 
ore, and tailings. 

Bureau researchers studied the softening 
characteristics of both unfired and in- 
durated iron ore pellets as measured by 
hot compression strength.“ The hot com- 
pressive strength of magnetite pellets when 
heated in air was far superior to similarly 
treated pellets made from hematite, specu- 
larite, or goethite. Magnetite pellets at- 
tained greater strengths in an oxidizing 
atmosphere than in neutral or reducing 
atmospheres. A conclusion of the investiga- 
tion indicated that pellet makers are per- 
haps building more strength into pellets 
than is actually required. 

As part of a broad investigation of metal- 
lurgical reactions in the iron ore blast 
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furnace, the Bureau of Mines conducted a 
kinetic study of the carbon deposition 
reaction.' The disproportionation of carbon 
monoxide on iron ore pellets was investi- 
gated at pressures between 0.5 and 2 
atmospheres and temperatures of 400° C 
to 1,075° C. The maximum rate for carbon 
deposition occurred at 550° C. The addi- 
tion of 1 percent hydrogen increased the 
rate of carbon deposition about 100-fold. 

Bureau scientists studied the kinetics of 
the initial reduction stages of magnetite in 
a hydrogen atmosphere.? 


4 Holmes, Wesley T. II, Lloyd H. Banning, 
and Lawrence L. Brown. Liquidus Tempera- 
tures of Titaniferous Slags (in Three Parts). 
1. TiOz-AlzOs-SiOz-Cao-Mgo. BuMines Rept. of 
Inv. 7081, 1968, 21 pp 

Holmes, Wesley T. II, Lloyd H. Banning, 
Lawrence L. Brown, and Gerald G. Thompson. 
Liquidus Temperatures of Titaniferous Slags 
(in Three Parts). 2. TiO2AleOs—FeO-SiO2-CaQO- 
MgO. BuMines Rept. of Inv. 7083, 1968, 17 pp. 

Holmes, Wesley T. II, and Williams A. 
Stickney. Liquidus Temperatures of Titaniferous 
Slags (in Three Parts). 3. Production of 
Nominal Slag Compositions. BuMines Rept. of 
Inv. 7232, 1969, 21 pp. 

5 Prasky, Charles, and Willard S. Swanson. 
Reduction Roasting of Steep Rock Iron-Bearing 
Materials. BuMines Rept. of Inv. 7242, 1968, 


1 pp. 
Reuss, J. L., and M. M. Fine. Physical 
Properties of Iron Ore Pellets At Elevated 


Temperatures. BuMines Rept. of Inv. 7060, 
1968, 24 pp. 
7 Haas, L. A., S. E. Khalafalla, and P. L. 


Weston, Jr. Kinetics of Formation of Carbon 

Dioxide and Carbon From Carbon Monoxide in 

Presence of Iron Pellets. BuMines Rept. of Inv. 

7064, 1968, 29 pp. 
8 Rushton, T. N., and S. E. Khalafalla. Kinetics 

of the Initial Reduction Stages of Magnetite in 

5 BuMines Rept. of Inv. 7080, 1968, 
pp 
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Table 4.—Crude iron mined in the United States, by districts, States, and mining methods 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1967 1968 
District and State ——————————————————— — 
Open pit Under- Total Open pit Under- Total 
ground ground 
Lake Su or: 
Michigan. 23,456 5,182 28, 638 24, 574 4,644 29,218 
Minnesota... 115,750 401 116,151 127,880 ......... 127,880 
Total... 2c eee 189 , 206 5,583 144,789 151,954 4,644 156, 598 
Southeastern States: 
AlabamaaKei . . .. ....- 2,688 1,086 8,674 1,251 1,078 2,829 
Georgia 1,046 ......... 1,046 780 _..... . . 780 
l^ u ꝶ AA 8,684 1,086 4,720 1,981 1,078 8,059 
Northeastern States: New York, 
Pennsylvania W W 10, 329 W W 10, 075 
Western States | 
Arizona „ W J 
Californian N geen W ‚ A LAW ...------ W 
okorado „ W 19717777•ͤü SS 197 
Idaho . . N W | W , ο Y Y ‚ W 
Mississippi. 1i1mlmlllll S ;»; ⅛ ..... ` de 
TVT W W 2.990. ee. W W 
Montana... -------- ll. 21222 11 12 erte ccc 12 
Nevada. W Ee W W 2e W 
New Mexico W. cles W „ W 
WOES ooo 8 A W ——— W us WwW 
e sts 1:912. C 1,912 4,01 4,016 
Wyoming W W 4, 136 W W 4,182 
r ncm 1,923 W 8,449 4,242 W 8,424 
Undistributed:................- 24,769 7,196 15,110 25,052 6,981 17, 776 
Grand total 169, 582 13, 815 183,397 189,229 12,708 195,932 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
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Table 5.—Crude iron ore shipped from mines in the United States, 
by districts, States, and disposition 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1967 1968 
District and State Direct to To bene- Direct to To bene- 
consumers  ficiation Total consumers _ficiation Total ! 
plants plants 
Lake Superior: 
Michigan 3,011 25, 692 28,708 2,853 26,650 29,008 
Minnesota 11, 149 104,583 115,782 5,044 121,904 126,947 
r ¿Z 14,160 180,275 144,485 7,997 148,553 155,950 
—ö—̃—d . — — e .— — ͤ ͤ (x —äÜ— ſ —— 
Southeastern States: 
Alabama. ................. 201 8,402 9,608 148 2,006 2,164 
Georgi. eegen Hee 1,046 1,046 ......... 780 780 
Total... . . uar RETE 201 4,448 4,649 148 2,786 2,884 
Northeastern States: New York, 
Pennsylvania 10, 381 10,8931 ......... 10,014 10,014 
Western States: 
Arizona... .. ... . . .. . . .. ... „„ W F W 
California W W W W W W 
Colorado „„ W W 2 W 
O cs EE S cue W W W 
Mississippi eet E E W 7§ö§ö» ß x erter 
FFC 2,448 2,444 W W 
Montana. 10- 25.252 10 19 ulnas. 12 
VOOR WEE W W W W 
New Mexico W W S W W 
TOXAN- c oco oc eee: usss W W W W 
Bt NEE W W 1, 888 W W 2,044 
Wyoming W W 4,158 W W 4, 146 
gi uc pu; su: 10 2,449 8,494 12 W 6,202 
Undistributed:................. 1,800 19,488 15,242 1,768 22,931 17,909 
Grand total. 16,171 166,980 183,151 9,25 188,684 192,959 


W Withheld to avoid disci individual company confidential data; included with Undistributed. 
1 Data may not add to totals shown because of independent rounding. 
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Table 6.—Usable iron ore produced in the United States, by districts, States and varieties 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1967 1968 


Hema- Brown Magne- Total Hema- Brown Magne- Total 
tite ore tite tite ore tite 


District and State 


Lake Superior: | 
usc. W 14,072 W W 18,770 


Michigan WwW 
Minnesota... a a 21,924 58 22,175 60,157 22,116 83 30,255 52,454 
Total. c leniezedz 27,924 58 22,175 64,229 22,116 83 30,255 66,224 
Southeastern States: 
Alabama em e 877 TOL uini 1,628 914 411 ...... 1,826 
Georgia-- cool . . . . . .....-... Ze 261 `... bk 22: 183 ui... 1 
Total. ul, z; te ceed 871 1,012 ...... 1,889 914 5914 1, 509 
Northeastern States: New York, 
Pennsylvania, Virginia.......... ...... ...... 4,197 4,197 ...... ...... 8,963 3,963 
Western States 
Kinn .. ..........[.- W W W W W W 
California W W W W .....- W W 
Colorado; 48 W W W aaaea W W W 
ö. KJ ets: Gol W N “ae. W W 
Mississippi. i1I1Nũlul ! . J; c ³ĩW uu 
Missouri. W W 1,802 iu w W 
Montanag. ou our me weceaLm. asakna Aere 11 ll 21i Jew 12 12 
Nevada..........-...-.--...- W W W W .....- W W 
New Mexico W: Leg W 3 W W 
DXÉÜS. SJ hkk v at quu W 2.222: W aaan- W .....- W 
Utah. be ton ee esac W 2. W 1,708 W aaan W 1,818 
Wyoming WWW W 1,887 W 222-6. W 2,0 
// adas W W 11 5,358 W W 12 3,827 
Undistributed.................... 12,190 690 14,278 7,734 11,597 501 15,101 9,614 
Total all States 40,991 1,760 40,656 88, Aor 34,627 1,177 49,881 85, aon 
Byproduct ore 1... dd d ĩ “772 ²•˙ͥ¹iu ⁰ð douweduabx 
Grand total 40,991 1,760 40,656 84,179 34,627 21,177 49,881 85, 865 


w Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Data may not add to totals shown because of independent rounding. 
2 Cinder and sinter obtained from treating pyrites. Ore was treated in Arizona, Colorado, Delaware, Penn- 
sylvania, Tennessee, and Virginia. 
3 Includes a small quantity of carbonate. 
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Table 7.—Usable iron ore produced in the United States, 
by districts, States, and types of products 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1967 1968 


District and State Direct Iron Direct Iron 
ship- Agglom- Concen- content ship- Agglom- Concen- content 
ping erates trates (natural ping erates trates (natural 


ore percent) ore percent) 
Lake Superior: 
Michigan 3,007 10, 588 477 60 2,440 10,772 557 60 
Minnesota... aa 11,111 24,327 14,719 57 5,002 30,255 17, 197 58 
Total 2 14,118 34,915 15, 196 58 7,442 41,027 17,754 59 
Southeastern States: 
Alabama 273 i22 1,355 40 323 ...... 1,003 39 
IU. eee ` x 8 261 45. couis eee 188 48 
Totals EE 278 _..... 1,616 41 323 `... 1,186 40 
Northeastern States: New York, 
Pennsylvania, Virginia..........  .....- W W W .....- W W W 
Western States: 
Kings „ W F ee W 
California W W W W W W W W 
Colorado N evens W W- (eee, nce ri W 
Idiüho-..2.2.22.-——2 xen NWS Wilco W Wo oes) ( W 
Mississippi-..............-.- .....-. =- W 77õ⁵§;%—g usus sates, seats 
issouri___..-..-----------. 22.2... 1,791 11 68 ....-- W W W 
Montana... A Ty epee eee 45 C110 ͤ Spek eed 45 
Nevada... .................-.. W a W W W W 
New Mexico W ....-- W MP. xu or Ries 17 58 
ERR eebe rette, Jti W W W uc W W 
LR, ( lec s 2 W .....- W 1,258 ...... 555 53 
MWvoming W W W W W W 
!!! ³ðA eel 11 1,79 1 68 1,270 572 45 
Undistributed -2-2-2 ----- 1,796 7,632 6,047 59 530 9,350 5,682 58 
Total All States i... 16,198 44,338 22,871 58 9,565 50,377 25,194 58 
Byproduct ore... TI2 ss 68 .....- 7282 67 
Grand Total 1____ 16,198 45,110 22,871 58 9,565 | 51,105 25,194 59 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Data may not add to totals shown because of independent rounding. 
2 Cinder and sinter obtained from treating pyrites. 
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Table 8.—Shipments of usable iron ore from mines in the United States in 1968 


(Thousand long tons and thousand dollars; exclusive of ore containing 5 percent or more manganese) 


Gross weight of ore shipped Iron content of ore shipped 


District and State Direct Total Direct Total Total 
ship- Agglom- Concen- quan-  ship- Agglom-Concen- quan- value 
ping erates trates tity ping erates trates tity 


ore ore 
Lake py: 
Michigan 2,858 9,786 560 12,699 1,572 6,069 158 7,799 148,890 
Minnesota 5,044 29,751 16,480 51,275 2,700 18,451 8,822 29,973 508,814 
Total 7,397 89,587 17,040 68,974 4,272 24,520 8,980 87,772 657,704 
Southeastern States: | 
Alabama 148d 1,008 1,151 50 399 449 6,780 
Georgia 192 1902. fees. wees 94 94 1,119 
otal...........- 148 1,195 1,848 50 493 548 7,849 
Northeastern States: 
New York, 
Pennsylvania, Virginia W W $8,549 ...... W W 2,246 00,648 
Western States m 
Arizona ; 8 16 10 gees 8 10 124 
California W W W W W W W W W 
Colorado N A W W. oae qoas W W 
SEENEN NN A sustan NSG A eck W w 
Missouri. W 1,648 W W 1,099 28,585 
Montana J duke FFC 5 W 
Nevaddaa W ...... W 569 W W W 2,917 
New Mexico 17 WT aides eae 10 10 118 
T'exX8g8; . dëser W W W `.. W w W W 
Uta 1,275 ...... 489 1,764 681 ...... 261 942 11,281 
Wyoming W W W 1,967 W W W 804 19,452 
Total. 4: 1,308 W 506 5,998 696 W 271 2,870 57,472 
Upndistrituted 478 9,116 5,215 7,076 272 5,413 3,0382 4,568 62,767 
Total all States 1. 9,826 48,658 28,956 81,984 5,290 29,988 12,776 47,999 886,488 
Byproduct ore .. 596 S./ eke LA 484 484 6,875 
Grand total 1. 9,826 48,658 24,552 82,581 5,290 29,988 18,260 48,488 842 ,808 


W Withheld to avoid disclosing individual company confidential data, included with Undistributed.“ 
1 Data may not add to totals shown because of independent rounding. 
2 Cinder and sinter obtained from treating pyrites. Ore treated in Arizona, Colorado, Delaware, Penn- 


sylvania, Tennessee, and Virginia. 


Table 9.—Iron ore produced in the Lake Superior district, by ranges 


(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 


Year Mar- Meno- Gogebic Vermilion Mesabi Cuyuna Spring Total 1 
quette minee Valley 
1854-19688. 822,910 279,088 317,760 100,975 2,415,868 66, 155 6,191 3,508,891 
1964 AAA e ace 7,89 4, 55 „602 865 47,2 518 420 63,106 
198888 8 8,978 4,595 810 782 50,280 867 626 66 ,482 
18888 9,589 4,620 118 704 51,506 1,299 772 68,608 
19677 m e 10,281 8,792 49 202 48,857 1,041 58 64,229 
19898989. 10,086 8,684 ....... ....... 51,411 961 89 66 ,224 
Total 1. 869,687 800,275 320,884 108,528 2,666,178 70,836 8,149 8,887,485 


1 Data may not add to totals shown because of independent rounding. 
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Table 10.—Average analyses of total tonnage (bill-of-lading weights) of all grades 
of iron ore from all ranges of Lake Superior district 


Year Thousand 
long tons Iron Phos- 

phorus 
19ö§; ecco eee 64,222 56.68 0.078 
1 9/%,§ö§öͤ dessus 64,689 56.85 .068 
1950... ult clu um 69,724 56.83 .068 
1967.2 k asc ,845 57.81 .059 
1908-e ß 64,065 58.70 .051 


Content, percent ! 


Silica Man- Alumina Moisture 
ganese 
8.14 0.46 1.09 6.16 
8.16 .48 1.00 6.10 
7.99 55 1.02 6.21 
7.62 47 93 5.70 
7.85 .40 .80 5.16 


! Iron on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 


Source: American Iron Ore Association. 


Table 11.—Consumption of iron ore and agglomerates in the United States in 1968 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


Iron ore ! Agglomerates : 
State Miscella- Total 
Blast Steel Blast Steel neous ? 
furnaces furnaces furnaces furnaces 
Alabama, Kentucky, Tennessee, 

Ee 6,419 155 4,515 W 122 11,211 
California, Colorado, Utah....... 4,787 488 2,686 ........- 74 7,885 
Maryland and West Virginia 3,031 300 8,165 W W 11,496 
Illinois and Indiana 15, 815 857 11,909 W W 28,581 
Michigan and Minnesota........ 6,770 106 8,562 W 44 10,482 
New York, Ohio, Pennsylvania, 

New Jersey 37,405 1,596 22,310 W 97 61,408 
Ündistributed.......... 2.2 8 560 132 692 
Total EE 74,176 3,452 53,097 560 468 131,758 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.“ 
1 Includes 40,995,000 million tons of pellets and nodules produced at mines. 

2 Does not include agglomerate produced at mine site. 
3 Includes iron ore used in making paint and cement, also ore consumed in ferroalloy furnaces. 
Data may not add to totals shown because of independent rounding. 


Table 12.—Beneficiated iron ore shipped 
from mines in the United States 


Table 13.—Usable iron ore! consumed in 


(Thousand long tons and exclusive of ore containing 


5 percent or more manganese) 


agglomerating plants and agglomerate 
produced from this ore in 1968, 


by States 


(Thousand long tons) 


Propor- State Iron ore! Agglo- 
tion of consumed merate 
Year Benefi- Total benefi- produced 

ciated ciated 
to total 

(percent) Alabama, Kentucky, Texas.. 8,047 3, 584 

California, Colorado, Utah.. 1,975 2,628 

Maryland and West Virginia. 5,821 5,553 

1964............ 64,329 84,300 76.8 Illinois, Indiana, Michigan.. 9,188 12,101 

196 64, 667 84, 073 76.9 New York, Ohio, 

1966. ..........- 70,451 90,041 78.2 Pennsylvania 10,812 17, 864 
1961. 8 66,243 82,416 80.3 

19688 72,781 81,934 88. 8 Total ?.............- 29,842 41,726 


1 Excludes byproduct ore. 


1 Does not include material used in agglomerate 


produced at mine site. 


* Data may not add to totals shown because of 


independent rounding. 
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Table 14.—Production of agglomerates ` 


in the United States, by types 
(Thousand long tons) 
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Table 15.—Stocks of usable iron ore at 
mines December 31, by districts 


(Thousand long tons) 


Agglomerate produced 


Type District 1967 1968 
1967 1968 
Lake Superior.............. r 8,258 10,5038 
Sinter, nodules and cinder... ? 45,995 43,605 Southeastern States 4 605 
Pellets.................---- 41,97 48,526 Northeastern States 8,359 3,775 
Western States r 893 1,107 
Dental ou LL eos 87,967 92,131 
/ r 12, 959 15, 990 
1 Production at mines and consuming plants. 
2Includes 18,710 thousand tons of self-fluxing r Revised. 
sinter. 1 Excluding byproduct ore. 
Table 16.—Average value of usable iron ore shipped from mines or 
beneficiating plants in the United States in 1968 
(Per long ton) 
Direct-shipping ore Concentrates 
District Agglom- 
Hema- Brown Magne Hema- Brown  Magne-  erates 
tite ore tite tite ore tite 
Lake Superior $6.89 calcula. uA 37.4 -...... $12.16 
Southeastern... n W ...... ....... 33 9 
N.; ³oð . ⁊ĩðA è y y W 44 
Western 5. 75 36.72 36.44 6.33 W $7.23 11.84 
Total; uz u ZZ. za u au Z: 6.77 6.72 6.44 7.38 8.05 7.80 12.28 
W Withheld to avoid disclosing individual company confidential data. 
Table 17.—U.S. exports of iron ore, by countries 
(Thousand long tons and thousand dollars) 
1966 1967 1968 
Destination 
Quantity Value Quantity Value Quantity Value 
e p 3,911 348, 567 2,258 329, 069 2,278 $28,118 
Germany, West 382 43 270 53 849 
P uu ͥ ͥ eee tame 3,778 42, 876 r 3,602 42,179 8,550 42,314 
Other countries 2 332 3 67 8 59 
Total.a2:uc2lL22d220222:525€ xz 7,779 92,157 r 5, 906 71, 585 5, 884 70,885 


Table 18.—U.S. imports for consumption of iron ore, by countries 


IRON ORE 


(Thousand long tons and thousand dollars) 
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1966 1967 1968 
Country 
Quantity Value Quantity Value Quantity Value 
Australia...................... 10 $101 1 $18 131 31,884 
FHC! Roses 2,723 26,695 r 1, 624 r 14,7744 1,257 11,622 
Canada -..-.---------------- 28,941 273,309 24,214 276,597 26,339 808,014 
Chile Llame ĩ e 2,268 19,810 1,365 11,286 „44 11,515 
LIDerlm o2. 8 8,390 24,851 8,099 28 , 737 2,942 23,389 
Mauritanig ----------- 107 1,563 24 ;ö§;»—1 
NOrWay . . . . . . . . . .....-.- 41 869 436 2,217 860 2,646 
"ig NEUEN 1,043 11,281 879 9,404 925 9,875 
Selene. mene 82 1,523 148 1,84 232 2,610 
Venezuela 12, 592 102, 040 12, 820 103,718 10,313 83,153 
OP. ce ts tale ee ea 62 81 
Cc 46,259 462, 354 r 44,611 * 443,918 48,941 458,763 
* Revised. 


Table 19.—U.S. imports for consumption of iron ore, by customs districts 


(Thousand long tons and thousand dollars) 


1967 1968 
Customs district 
Quantity Value Quantity Value 
ee, ß!!! aAa 9,008 $84,192 9,261 $90,389 
Hias lk UONE oe Suysa. 4 45 
Büf ⁰ fym RICCA ee 2,460 32,842 2,546 82,735 
ET EE 6 , 287 72,435 6,724 78,919 
Cleveland VP eee ia ee w.. ae LLL 7,344 76,330 8,796 94,878 
Detrolt-..——- v So Be ee ta 2: 1,693 24,590 1,381 20,071 
HOouUstoli ⁵ eee ee eat eee E 438 5,421 775 8,981 
EE ee oe ee at ͤ ⁵ ⁵ ⁵⁰⁰y0 0v0/ͤ ͤ tte, y 3 48 
Los Angeles... l.ll˖˖˖n˖˖˖ anale b. Lei ee. 33 231 
le EE 4,056 84,947 8,943 84,309 
New Orleans.....-22- 612 5,412 647 5, 670 
Norfolk. ele y d é r 220 r 2,009 306 2,887 
Ogdensbur ggg c2 l2 ele LLL... (2) 52 859 
Pembina -osuna en cee e e ee aL 24 347 
PhiladelphiiJ˖ „4 4„łè 12,466 105,495 9,445 83,371 
Senn; 24 7 AAA — wuclamikec 
J⁵·§51¹ ...... et E 3 33 1 28 
Total y; ]ð¹ LA ³⁰ m Ku. ee hee ee r 44,611 1 443,918 43,941 453,763 
r Revised 


1 Less than 1⁄4 unit. 
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Table 20.—World production of iron ore, iron ore concentrates, 
and iron ore agglomerates, by countries 
(Thousand long tons) 


Country 1964 1965 1966 1967 1968 » 
North America: 
RE TEE 84,219 85,678 r 86,831 r 87,837 44,084 
Mexico (60 percent Fe equivalent)..... 2,284 2,618 2,271 2,653 8,151 
United State 84,896 87,439 90, 147 84,179 85,865 
South America: 
All 98 114 152 220 NA 
Bragg... lv ke eee xe dd a 16,694 r 20,426 22,887 28,129 * 24,800 
ale 9,697 11,953 12,019 10,851 11,729 
ColomDig o 222551 2255502 sss 699 695 652 795 ; 
JJ!)ö§;ͤ vk ⁊ . E 6, 425 6.992 64 7,588 ,409 
Venezuela. 15,409 17,284 17,479 16,854 15,984 
urope: 
Albania a EPER EET E i eee ete ee 345 r 390 r 390 r 899 * 400 
Asii -croa ee ee be cae wees 3,507 3,480 3,420 3,418 3,418 
Belgium._....... e cette 60 90 122 e 90 e 90 
PlR222 Su Zoo E Saa E 705 1,778 2,567 e 2,660 * 2,700 
Czechoslovakia. 2,801 2,407 r2,191 r 1,884 1,516 
Denn!!! cames ea 89 64 54 56 * 55 
FF; EES 466 r 871 r 947 688 ° 850 
C/ .1. A NE 59, 976 58 , 692 54,191 48,443 54,427 
Germany: 
Küst. clle e wekeki. e Sesec ees 1,608 1,604 1,694 r 1,653 ° 1,450 
CT c ... ĩ 8 11,430 10,676 9,318 8,418 7,592 
/) ³˙üàwwmmmm Ha. cece ccee. 6 r 26 17 12 
Hung .. 9 oega men 768 750 785 r 955 864 
there r 961 r 1,068 1,159 1,068 * 1,080 
Luxembourg.......................- 6,575 6,215 6,426 r 6,204 6,297 
, ee 2,089 2,425 12, 412 3,181 8,641 
Se WEE 2,638 2,817 8,006 r 8,026 
Portugal... 22er ee ee 212 208 189 194 e 200 
CANT E 1,901 2,440 2,639 2,752 2,524 
ö·§ÜÜẽw¹ y uc LE 5, 026 5,601 4,989 5,005 6,087 
Sweden 26, 199 r 28,890 r 27,545 21,824 ; 
Switzerland 1 6 —8 
S S R aie 8 143,285 151,009 157,740 * 165,548 174,204 
United Kingdom. ..................- 16,326 15,415 18,658 12,740 18,728 
n Yugoslavia... ......................- 2,271 ,464 2,454 2,589 2,677 
rica: 
Algerie go % ²w-u E 2,696 8,083 11,734 r 2,529 ° 2,700 
%/%/§öͤu uu ĩð KK 8 02 9 1, 136 3,167 
Guinea, Republic of................- 894 743 SC 575 eiert w Ts 
LIberig.. us lu ökꝛ[:. 2) atus 12,794 15,707 16,593 17,936 19,262 
Mauritania 5,000 6,185 7,044 7,334 7,400 
Morocco 874 936 1,001 870 
Rhodesia, Southern 811 ° 1,340 r 1,280 NA NA 
Sierra Leone 1,962 2,110 2,268 2,065 2,958 
South Africa, Republic of............. r 5,600 r 6,617 r 7, 570 7,615 8,108 
South-West Africa, Territory of 9 32 37 ° 87 NA 
EE (4) 34 38 14 NA 
Swaziland. _........_.......-.----.-- 59 1,004 1,566 1,715 2,018 
URBIS o s 8 924 1,099 1,267 1,000 
xs United Arab Republie— 440 499 r 488 r 433 440 
ia: 
China, mainland * 5 ................- 86,400 88,400 89,400 27, 500 37,400 
Hong Ronge 132 
I ³˙· E a r 21,384 r 29,454 25,920 25,744 27,000 
POT to a ti se eet r2 r 
;§ö;' x 2,517 2,470 2,988 2,184 2,187 
orea 
North e... u uuu se x dE r 4,800 5,800 5,900 6,400 6,900 
SS ll 674 728 687 
Malaysia.. 6,465 6,873 5,763 5,350 5,085 
Philippines 1,345 1,415 r 1,452 r 1,455 1,332 
Ü-» .. my 188 738 681 540 492 
III SE nsu EE 961 1,506 1,594 1,462 1,958 
Oceania: 
Australia... cz 20802-2294 22€ 5,668 6,696 r 10,8938 18,517 26,983 
New Caledonia 302 275 217 201 169 
New Zealand............-.........- 8 2 8 8 
et!!! naaa r 573,449 1 611,187 1 625,799 1 615, 538 670 , 948 


* Estimate. P Preliminary. r Revised. NA Not available. 

1 Table does not include Guatemala or Uruguay, where iron-bearing materials are produced for manufacture 
of cement and other materials, or Pakistan, where production is for exploration or metallurgical testing. 

2 Tron-nickel ore. . 

3 Includes pelletized iron oxide derived from pyrite. 

Less than Le unit. . 

5 Roughly, containing 50 percent iron. 
ë GER production from Goa, as follows: 1964, 6,052; 1965, 6,584; 1966, 6,584; 1967, 7,200; and 1968, 

7 Year ending March 20 of following year. ! 
me CERTUM production from iron sands, as follows: 1964, 1,425; 1965, 1,391; 1966, 1,289; 1967, 1,126; and 

° Total is of listed figures only. 
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Iron and Steel 


By John W. Thatcher ! 


The apparent domestic consumption of 
steel mill products in 1968 rose to an all- 
time annual record of 107.7 million tons, 
surpassing the previous high level of 100.5 
million tons consumed in 1965. The new 
record includes 18 million tons of imported 
steel mill products in addition to 91.9 
million tons of domestic mill shipments 
with a deduction of 2.2 million tons for 
exports of steel. The record domestic de- 
mand reflected a marked increase in auto- 
mobile production and moderate advances 
in container and machinery production and 


in construction activity. 

The labor negotiation had a greater 
effect on the scheduling and size of steel 
production than any other single economic 
factor in 1968. Strike-hedge buying during 
the first half of 1968 resulted in a record 
steel output rate during the first 7 months 
of the year, which reached a peak rate of 
415,000 tons per day in April. Following 
the signing of the labor contract on August 
1, production fell off sharply but picked 
up again in the final quarter as inventories 
were worked off. 


Table 1.—Salient iron and steel statistics 


(Thousand short tons) 
1964 1965 1966 1967 1968 
United States: 
Pig iron: 
Production 5, 458 88, 207 91,287 86,799 88 , 767 
Shipments. -.....-.........-.-----..--.- 85,693 88,391 90,884 86,819 89,085 
KEE ee ee e 176 28 12 7 9 
Imports for consumption. n 786 882 1,187 605 786 
ee l aCCCUCCCU[CUUCCU—— — Q YJ J  —  >>;—— ——ͤ ¿ — —— —— s >—[n[n[-J 
Steel:! 
Production of ingots and castings (all 
grades): 
r cou Ecsewwa Ra eR E 114,442 116,651 118,732 113, 190 116,269 
Graine MEE" 1,448 1,498 1,651 1,451 432 
All other allo 11,191 13,318 18,718 12,572 18,761 
yi coe cess E 127,076 181,462 134,101 127,218 131,462 
Index (1957-59) 2100................... 130. 135.3 138.1 131.0 185.0 
Total shipments of steel mill produets 84,945 92,666 89,995 83,897 91,856 
Exports of major iron and steel products 4,065 2,888 ,144 1,898 2,460 
Imports of major iron and steel products 2. 6,630 10,640 11,048 11,446 17,894 
World production: 
Pig ron EEN 849,000 369,000 382,000 393, 000 425,000 
Steel ingots and castings. ..................- 482,000 506,000 524,000 548,000 582,000 


! American Iron and Steel Institute. 
2 Data not comparable for all years. 
3 Includes ferroalloys. 


PRODUCTION AND SHIPMENTS OF PIG IRON 


Total domestic production of pig iron 
increased 2 percent over that for 1967 and 
was exceeded only by the high level of 
production in 1966, a record steel-produc- 
ing year. Pig iron shipments increased 3 
percent over those for 1967 as new basic 


oxygen furnaces increased the demand for 
hot metal. 

Domestic production of pig iron during 
the first 7 months of the year was sustained 


1 Physical scientist, Division of Mineral Studies. 
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at the highest rate in the history of the 
industry, averaging over 8 million tons per 
month. Peak production occurred in April, 
when the average daily production ex- 
ceeded 285,000 tons. Of the three largest 
producing States, Pennsylvania and Indiana 
about maintained their share of total do- 
mestic production while that portion con- 
tributed by Ohio increased by 1 percent 
over that for 1967 and accounted for most 
of the 2-million-ton increase in total do- 
mestic output in 1968. Production in Illi- 
nois decreased, due in part to a blast 
furnace failure coupled with a 53-day 
strike of blast furnace workers at one steel 
plant. 

According to the American Iron and 
Steel Institute (AISI), there were 150 blast 
furnaces in blast on January 1, 1969, out of 
a total population of 224 furnaces. On the 
same day in 1968, there were 168 furnaces 
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in blast out of a total of 223 furnaces. 
Continuing a trend begun after World 
War II, average production per blast fur- 
nace day increased 3 percent to 1,625 
tons. 


Metalliferous Materials Consumed in 
Blast Furnaces.—The agglomerate charge 
consisted of 29.0 million tons of sinter, 19.4 
million tons of self-fluxing sinter, 45.5 
million tons of pellets, and 10.9 million 
tons of foreign agglomerates. No consump- 
tion of unclassified agglomerates or nodules 
was reported. 

According to AISI, blast furnace con- 
sumption of oxygen decreased 23 percent 
to 6.7 billion cubic feet in 1968. Data 
collected by the Bureau of Mines showed 
that 41.7 billion cubic feet of natural gas, 
10.4 billion cubic feet of coke-oven gas, and 
63.0 million gallons of oil were consumed 
by blast furnaces in 1968. 


PRODUCTION AND SHIPMENTS OF STEEL 


The upswing in the rate of raw steel 
production, which began late in 1967 under 
the impetus of strike-hedge buying, con- 
tinued during the first 7 months of 1968, 
reaching a record peak in April of 415,000 
tons per day. Following the signing of a 
basic steel labor contract on August 1, 
production fell off sharply for 2 months 
but picked up again in the final quarter as 
inventories of steel mill products were 
worked off faster than anticipated. Total 
raw steel production in 1968, 131.5 million 
short tons, was 3 percent higher than that 
for 1967 and was exceeded only by pro- 
duction in 1965 and 1966. 


Of the total steel produced, open-hearth 
furnaces accounted for 50.1 percent; basic 
oxygen converters, 37.1 percent; and elec- 
tric furnaces 12.8 percent. Comparable data 
for 1967 were 55.5 percent, 32.6 percent, 
and 11.9 percent, respectively. The rapid 
decline in the use of open-hearth furnaces 
was slowed somewhat by the reactivation 
of some open-hearths to meet the strong 
surge in demand for steel in the first 7 
months of the year. Production of steel by 
the basic oxygen process increased 7.4 
million tons or 18 percent in 1968 as new 
plants were started up by Alan Wood Steel 
Co., Crucible Steel Division of Colt Indus- 
tries, Bethlehem Steel Corp., and Jones & 
Laughlin Steel Corp. The rate of growth of 
electric furnace steel, relatively small but 
steady in the last decade, is expected to 


increase in the next few years. 

The market for domestic steel staged a 
strong comeback in 1968 despite a second 
half slowdown and competition from a 
record volume of imports. Net shipments 
of steel products, including exports, in- 
creased 8 million tons or more than 9 per- 
cent over those for 1967. A 20-percent 
increase in vehicle production resulted in 
a 2.8-million-ton increase in steel shipments 
to this market. Substantial increases in 
steel shipments to the construction industry, 
the container industry, the machinery in- 
dustry, and steel service centers were also 
noted. 


Alloy Steel.“ The production of full 


2 The Bureau of Mines uses the American Iron 
and Steel Institute specifications for alloy steels, 
which include stainless and any other steel con- 
taining one or more of the following elements 
in the designated percentages: Manganese in 
excess of 1.65 percent, silicon in excess of 0.60 
percent, and copper in excess of 0.60 percent. 
The specifications also include steel containing 
the following elements in any quantity specified 
or known to have been added to obtain & desired 
alloying effect: Aluminum, boron, chromiuin, 
cobalt, columbium, molybdenum, nickel, titanium, 
tungsten, vanadium, zirconium, and other alloying 
elements. 

Stainless steel includes all grades of steel that 
contain 10 percent or more of chromium with or 
without other alloys or a minimum combined 
content of 18 percent of chromium with other 
alloys. Valve or bearing steels, high-temperature 
alloys, or electrical grades with analyses meeting 
the definition for stainless steels are included. 
All tool-steel grades are excluded. | 

Heat-resisting steel includes all steel contain- 
ing 4 percent or more but less than 10 percent 
of chromium (excluding tool-steel grades). 
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alloy steels increased 7 percent to 8.8 
million tons in 1968, but fell below the 
record levels of 1965 and 1966. Production 
was higher in the chromium and molyb- 
denum grades, reflecting an increased de- 
mand for hard, heat and corrosion-resistant 
steels. Shipments increased 7 percent to 
5 million tons, reversing the downward 
fluctuation of 1966 and 1967. Hot rolled 
bars (including light shapes) accounted 
for 41 percent of the product mix while 
the automotive industry accounted for 29 
percent of the market. 

The production of high strength-low al- 
loy steels has grown faster in the last 10 
years than production of any other grade 
of steel. The average annual growth rate 
from 1959 through 1968 was 20 percent. 
Production in 1968 reached 4 million tons, 
a 23-percent increase over that of 1967; 
and shipments totaled 3 million tons, a 
20-percent increase. Line pipe made up 38 
percent of the product mix while the con- 
struction industry accounted for 57 percent 
of the market. The growth in demand is 
accounted for mainly by the increase in sub- 
stitution of this alloy for carbon structural 
steel and by new applications in heavy 
machinery construction, vehicle manufac- 
ture, shipbuilding, deep-submergence ves- 
sels, off-shore oil well platforms, high- 
pressure tanks, and rocket motor con- 
struction. 

The production of silicon sheet steels, 
used in the manufacture of electric motor 
stators and rotors, transformers, generators, 
and various communications equipment, 
dropped 12 percent to about 1 million tons 
in 1968. | 

Total production of all grades of alloy 
steel, excluding stainless but including 
55,000 tons of alloy steel for castings, 
was 13,761,000 tons, an increase of 9 per- 
cent over that in 1967. 

Total production of all grades of stainless 
steel, including 2,000 tons of stainless steel 
for castings, decreased 1 percent to 
1,432,000 tons. Production of austenitic 
(AISI 200 and 300) stainless steel de- 
creased 3 percent to 970,428 tons, while 
production of series 400 steels decreased 
2 percent to 287,759 tons. Production of 
AISI type 500 and all other high-chromium 
heat-resisting steels increased 10 percent to 
38,090 tons. 
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The production of alloy and stainless 
steel in the basic oxygen converters rose to 
20 percent of the total. Open hearth fur- 
naces accounted for 41 percent of this 
production and electric furnaces for 39 
percent. 


Materials Used in Steelmaking.— Ferrous 
scrap and pig iron consumed in steelmak- 
ing furnaces totaled 147.2 million tons and 
provided the bulk of the iron units for new 
steel. The small amount of iron contributed 
to the furnace melt by iron ore and ferro- 
alloys was incidental to the primary func- 
tion of these additives. The scrap portion 
of the furnace charge increased to 45.7 
percent from 44.7 percent in 1967, revers- 
ing a 3-year downward trend in the use 
of scrap relative to pig iron. New electric 
furnace capacity in 1968 boosted scrap use 
sufficiently to outweigh the loss due to the 
obsolescence of some open-hearth furnaces. 
Other trends in the changing use pattern of 
raw materials for steelmaking were also 
noted. The consumption of iron ore and 
agglomerates deviated little from the down- 
ward trend line of the last 10 years. The 
consumption of fluorspar, lime, and oxygen 
continued to increase, paralleling the pro- 
liferation of basic oxygen steel shops, while 
the consumption of limestone continued 
downward, reflecting the steady decline of 
open hearth steelmaking. According to the 
AISI, 497,186 tons of fluorspar, 3,130,562 
tons of limestone, 4,597,820 tons of lime, 
and 712,755 tons of other fluxes were con- 
sumed in steelmaking furnaces in 1968. 
Comparable data for 1967 were the follow- 
ing: Fluorspar, 488,162 tons; limestone, 
3,403,944 tons; lime, 4,054,875 tons; and 
other fluxes, 768,264 tons. Total consump- 
tion of oxygen in steelmaking furnaces 
reached 151.2 billion cubic feet, an 8- 
percent increase over the 140.5 billion 
cubic feet consumed in 1967. Of the total, 
basic oxygen furnaces consumed 58 per- 
cent; open-hearth furnaces, 36 percent; and 
electric furnaces, 6 percent. An additional 
34.9 billion cubic feet of oxygen, which was 
used for such purposes as iron smelting, 
scrap preparation, slab conditioning, weld- 
ing, and maintenance, brought the oxygen 
consumption of the iron and steel industry 
in 1968 to a grand total of 186.1 billion 
cubic feet. 
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CONSUMPTION OF PIG IRON 


Consumption of pig iron, excluding 
molten pig iron used for ingot molds and 
direct castings, decreased slightly from that 
for 1967. Of the three States using 54 per- 
cent of the pig iron, consumption in Penn- 
sylvania and Indiana decreased, while con- 
sumption in Ohio increased. Consumption 


of pig iron in basic oxygen furnaces, which 
amounted to only 5 million tons in 1962, 
was 39 million tons in 1968, or 47 percent 
of the total consumption by all types of 
furnaces. It is expected that in 1969, basic 
oxygen furnace shops will be the major 
consumer of pig iron. 


PRICES 


Three major producers of tool and high- 
speed steels increased prices for some grades 
in January. From February through June 
most of the large steel producers had an 
extended payment plan in effect in which 
the customer was generally allowed an 
additional 120 days beyond the regular 
payment date on all steel purchased as a 
protection against a possible strike. Prior 
to the labor contract expiration, price 
changes were flexible—both up and down 
—with price concessions reported for spe- 
cific geographic areas where import com- 
petition was the greatest. After the labor 
contract settlement, effective August 1, 
the major steel producers announced selec- 
tive price increases which equaled about 


2.5 percent on an average for all shipments. 
A surprising $25 reduction for hot-rolled 
sheet in November lowered the price of this 
major product to $88.50 per net ton; how- 
ever, it was announced later that part of 
the price reduction would be rescinded, 
effective January 1, 1969. 

The composite base price of pig iron, as 
reported by Iron Age, remained at the 
1967 value, $56.38 per short ton, through- 
out the year. The finished steel base price 
rose from 6.496 cents per pound at the 
beginning of the year to 6.767 cents per 
pound in August but dropped to 6.538 
cents per pound at yearend. The average 
for the year was 6.599 cents per pound. 


FOREIGN TRADE 


Historically, the position of the United 
States in world steel trade suffers periodic 
setbacks when new labor contracts must be 
negotiated and historically, the position 
lost is never fully regained. The setback 
in 1968 was particularly severe, as the 
U.S. net trade deficit for major iron 
and steel products amounted to 15.4 million 
tons valued at $1.4 billion. | 

Exports of steel products increased 29 
percent in 1968 but remained small rela- 
tive to imports. Exports of all product 
groups with the exception of plates showed 
sizable gains in volume over that for 1967. 
Exports of semifinished material advanced 
the most and represented about one-fourth 
of the export product mix. Asia was the 
principal regional outlet for exports as 
U.S. Agency for International Development 
shipments continued to be an important 
factor. Exports to Latin America enjoyed 


the highest gain in 1968, increasing 53 
percent over those in 1967. 

Imports of steel products increased by 
over 6.5 million tons (57 percent) to 18 
million tons in 1968, again setting a new 
record and preserving the upward trend 
for the seventh consecutive year. Imports 
of sheets and strip products showed sizable 
advances and accounted for 41 percent of 
the total product mix. In contrast, to 1967, 
Japan supplanted the European Coal and 
Steel Community (ECSC) countries as the 
leading foreign source of supply in the U.S. 
market. Japanese exports to this market 
increased by 2.8 million tons (63 percent), 
in 1968, rising to a record of 7.3 million 
tons and accounting for 41 percent of total 
U.S. imports. ECSC steel exports to the 
United States increased by 2.3 million tons 
(47 percent) to reach 7.1 million tons or 
40 percent of total U.S. imports in 1968. 
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WORLD REVIEW 


For the 10th consecutive year, the 
world’s raw steel output expanded to a 
new record in 1968, 582 million tons. This 
represented an increase of about 39 million 
tons or 7 percent over that for 1967. Raw 
steel production increased in every major 
producing country. Growth in steel capac- 
ity showed no signs of letting up, due pri- 
marily to a 28-percent increase in basic 
oxygen converter capacity. By the end of 
1969, it was estimated there will be 265 
million tons of world capacity for this 
process. Worldwide annual surplus is esti- 
mated at 50 to 60 million tons, and expan- 
sion programs currently underway indicate 
that within the next few years, this excess 
figure may well double unless world steel 
consumption rises rapidly. 


European Coal and Steel Community 
(ECSC).—The ECSC countries enjoyed a 
good production year, increasing total steel 
output in 1968 by 9.6 million tons, or 10 
percent, to 108.7 million tons. All the 
member countries contributed to this in- 
crease, but principally West Germany, 
Belgium-Luxembourg, and Italy. ECSC ex- 
ports rose by 5.3 million tons in 1968, 
mostly attributable to exchanges among the 
member nations, which accounted for three- 
quarters of the total gain, while shipments 
to third countries accounted for only a 
quarter. 


Argentina.— Kaiser Engineers, Oakland, 
Calif., was awarded a contract by Armco 
International, the prime contractor to 
Sociedad Mixta Siderúrgica Argentina 
(SOMISA), for engineering, design, pro- 
curement assistance, construction manage- 
ment, and other services relating to the 
1 million-ton expansion program for the 
General Savio Steel Plant, Argentina's 
largest integrated steelworks. The $200 
million program, which was authorized by 
the Government in 1967, consists of three 
phases, the first of which was activated in 
May through a $33.7 million credit author- 
ized by the U.S. Export-Import Bank. The 
third phase is scheduled for completion in 


1973. 


Australia.—The first phase of the expan- 
sion program at the Kwinana, Western 
Australia, plant of Australian Iron and 
Steel Pty. Ltd., subsidiary of The Broken 
Hill Proprietary Co., Ltd. (BHP), was 


completed at a cost of of $67 million. Total 
direct investment by the BHP in Western 
Australia has now reached $100 million and 
projected future expansion in the next 
decade, including steelmaking facilities, will 
increase BHP’s total investment at Kwinana 
and Koolyanobbing to about $258 million. 

With the commissioning of the blast fur- 
nace and associated facilities at Kwinana 
(located about 22 miles south of Perth), 
and other facilities in the future, BHP 
will have established Australia’s fourth inte- 
grated iron and steel works, on the shores 
of Cockburn Sound, near the southwestern 
corner of Australia. The iron ore deposits 
are located at Koolyanobbing, 308 miles 
east of Perth. 


Belgium.—Steel production in 1968 was 
characterized by an extraordinary jump 
(19.5 percent versus 12.5 percent in 1967) 
and by a rapid increase in the share of out- 
put produced by the oxygen process. The 
major cause for both phenomena was the 
Siderurgie Maritime S.A. (SIDMAR) 
plant in Ghent which began operating in 
May 1967, and which puts its second blast 
furnace into operation in May 1968. 
Neglecting SIDMAR’s production, the 
1968 increase was approximately 10 per- 
cent, or slightly more than the ECSC 
average of 9.7 percent. The production of 
oxygen steel was begun in Belgium in 1963. 
In 1968 it accounted for 39 percent of 
production. Production by the Thomas 
(Bessemer) method has conversely fallen 
from a peak of 7.2 million tons in 1964 
(83 percent of production) to 6.5 million 
tons in 1968 (57 percent of production). 

Situated on the Terneuzen Canal with 
access to oceangoing vessels, SIDMAR is 
seen as part of European steel’s "March to 
the sea." It is supplied with ore from 
Sweden and Brazil which is suitable for 
oxygen steel. It is believed that SIDMAR, 
or similarly located plants, will account for 
most of Belgium's new steel capacity in the 
future. 

Of the total 1968 production, Belgium 
consumed 22.5 percent, exported 49.3 per- 
cent to her European Community partners, 
and exported 28 percent to third countries. 
The comparable data for 1960— 26.7 per- 
cent, 30.2 percent, and 43.1 percent, re- 
spectively—show that Belgium’s export 
market has shifted from third countries to 
her European partners. This trend has been 
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encouraged not only by the operation of 
the Common Market but also by stiff 
Japanese competition in third country 
markets. Belgium’s Asian market, for ex- 
ample, has almost disappeared. The notable 
exception to this trend has been in sales to 
the U.S. which reached an estimated record 
level of 1.14 million tons in 1968 (an in- 
crease of almost 17 percent over that in 
1967). For the first year since 1959, West 
Germany was Belgium’s biggest steel cus- 
tomer; 1968 sales to West Germany were 
80 percent higher than in 1967. On the 
other hand, sales to France which have 
been increasing rapidly in recent years, 
slowed down to a growth of only 4 percent. 
The principal cause for this slowdown was 
the imposition of temporary import restric- 
tions in France in the summer of 1968. 
As a group, Belgium’s European Com- 
munity partners bought 30 percent more 
Belgian steel in 1968 than in 1967. 


Brazil.—The situation for the steel in- 
dustry improved considerably in 1968 as 
demand for steel products rebounded after 
stagnating in 1967. Record activity in both 
civil construction and the automotive in- 
dustry were the major contributors to a 
resumption of a good growth rate for steel 
consumption. Apparent consumption was 
erratic in the years 1964 through 1967 as 
a result of complex economic and political 
factors. In the 20 years prior to 1964, 
Brazil had enjoyed an almost uninterrupted 
growth in domestic steel consuinption 
(about 6 percent per year) and in steel 
production (about 9 percent per year). 
Production in 1968 increased 20 percent as 
the industry was operating near full capac- 
ity. A 20-percent price increase in steel 
products in January helped the industry 
to recoup profit losses incurred in the 
period 1964 through 1967. 

In April 1967 President Costa e Silva 
signed Decree No. 60.642 establishing a 
Consultative Group for the purpose of 
drafting a comprehensive National Steel 
Plan. The group completed its task by the 
close of 1967, and the plan with minor 
modifications was approved by the Presi- 
dent in March 1968. In general terms the 
plan calls for an overall increase of 76 per- 
cent in steel productive capacity by 1972; 
greater specializations of production in the 
large steel plants; a feasibility study for a 
new integrated steel plant at Ponta do 
Tubarao outside of  Vitória, primarily 
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geared to the export market; the con- 
struction of two regional plants; and several 
measures to improve the financial situation 
of the industry. The expansion plan foresees 
total new investment in the steel sector of 
$655 million in the 5-year period, 1968-72, 
and forecasts that demand will rise from 
4.6 million tons in 1968 to 6.8 million tons 
in 1972. 


Canada.—The Government of Nova 
Scotia gave cabinet approval in December 
for the purchase of the Sydney steel plant 
from Dominion Steel and Coal Corp. 
(Dosco) of Montreal. Total cost was esti- 
mated to be about $10.5 million. Also 
approved was a 5-year, $50 million pro- 
gram to modernize the 70-year-old steel 
mill. In 1967, Dosco announced intentions . 
of closing the plant because of heavy 
operating losses. After a Crown Corpora- 
tion, Sydney Steel Corp. (Sysco), took 
over operation in January 1968, the plant 
began to show a profit. As a result of more 
efficient production methods and sales of 
steel rails to South Korea, Chile, and the 
United States, Sysco ended the year with a 
profit of about $2.5 million for the plant. 

The Steel Co. of Canada Ltd. (Stelco), 
announced a $50 million program to re- 
place eight open-hearth furnaces at its 
Hilton plant in Hamilton, Ontario, with 
two basic oxygen furnaces. Installation of 
the furnaces in 1971 will increase the com- 
pany's production capacity from 4.75 mil- 
lion tons to 6 million tons per year. 


Germany, West.—The output of pig iron, 
raw steel, and finished rolled steel in 1968 
for West Germany were the highest on 
record. The accelerated economic recovery 
in the Federal Republic during 1968 
boosted demand for finished steel to over 
31 million tons, a 24-percent increase over 
that for 1967. The higher demand reflected 
an approximate 10-percent increase in steel 
consumption; additional large quantities of 
steel were purchased by consumers and 
dealers for building up inventories which 
had been excessively depleted during 1966 
and 1967. West Germany's large export 
surplus in steel trade declined noticeably 
in 1968 as imports surged almost 50 per- 
cent, while exports increased by about 10 
percent, much less than domestic sales. 
This development mirrored the strongly 
increased attractiveness of the German 
market for both domestic and foreign steel 
suppliers. 
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Iran.—Ground breaking ceremonies were 
held in March for Iran's first integrated 
steel plant which will be built under a 
U.S.S.R.-Iranian agreement signed in De- 
cember 1965. During the initial phase of 
operation, the plant will produce about 
600,000 tons of raw steel and 350,000 tons 
of rolled products in the form of sections, 
shapes, and reinforcing bars. During the 
second phase of operation, productive 
capacity will be doubled to provide for the 
production of flat-rolled products; produc- 
tion is expected to begin in 1971. The steel 
mill complex will consist of coke and chem- 
ical production facilities, an iron ore ag- 
glomeration section, a blast furnace shop, 
two basic oxygen converters, continuous 
casting units, a rolling mill, a refractory 
materials plant, and various auxiliary units. 


Japan.— The upsurge in business, which 
began late in 1965, continued in 1968 and 
was expected to continue throughout 1969 
despite a financial retrenchment policy 
adopted in September to improve the Japa- 
nese balance of payments position. The 
high growth rate of raw steel production 
experienced in 1966 (16 percent) and in 
1967 (30 percent) slowed to 7 percent in 
1968 but was still higher than the average 
growth rate of world production. Japanese 
steel companies produced 73.7 million tons 
of steel in 1968, second only to the U.S.S.R. 
and the United States. Domestic demand 
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and prices stagnated during the first half 
of the year under pressure from inventory 
adjustments and other steps taken by the 
user industries to meet the business curtail- 
ment policy. Domestic demand turned up- 
ward during the second half of the year 
due principally to booming requirements 
of the construction industry, the best 
market for steel in Japan. Steel prices rosc 
an average of $3 per ton at yearend. 


Spain.— Total demand for finished stec! 
continued to outstrip supply. In spite of the 
18-percent increase in finished steel produc- 
tion in 1968, Spain was still far from self- 
sufficient. Steel consumption, up to 7.3 
million tons from 6.8 in 1967, led the 
economy's upswing during 1968, exceeding 
even the most optimistic projections. The 
Spanish Government projected a quick re- 
turn to higher consumption patterns dur- 
ing the next 3 years and industry sources 
predicted that total demand for finished 
steel would hit 8.5 million tons in 1969. 
Studies completed by the steel industry 
association indicated that the present rate 
of industry expansion will bring domestic 
production in line with demand in about 
1972, when steel output will have reached 
10 million tons. To achieve this goal, the 
industry has been modernizing at a fast 
rate. Presently, one-half of Spanish steel 
output is produced with equipment less 
than 3 years old, and another 25 percent 
with equipment less than 6 years old. 


TECHNOLOGY 


The uninterrupted upward trend in blast 
furnace productivity since the end of World 
War II continued in 1968 as higher pig 
iron production was achieved with fewer 
furnaces and at lower cost. In 1945, 216 
blast furnaces produced 53 million tons of 
pig iron; in 1968, 150 blast furnaces pro- 
duced 89 million tons of pig iron. Expressed 
more exactly, the average production of 
pig iron per blast furnace day has risen 
steadily from 785.2 tons in 1945 to 1,624.5 
tons in 1968. At the same time the coke 
consumption rate, the largest single con- 
version cost item in the manufacture of 
iron, has fallen from about 1,900 pounds of 
coke per ton of pig iron produced in 1945 
to 1,250 pounds per ton produced in 1968. 
These improvements have been due to 
many factors, including larger and better 
designed blast furnaces, better operating 


techniques, improved burden preparation, 
higher blast temperatures, and more re- 
cently, fuel injection, oxygen enrichment, 
and higher top pressure. 

The trend toward larger blast furnaces 
continued upward in 1968 with the Japa- 
nese and Russian steelmakers leading the 
rest of the world. In February, the Fuku- 
yama Works of Nippon Kopan K. K. blew 
in its #2 furnace having a hearth diameter 
of 37 feet and a working volume of 80,500 
cubic feet. A world record of 6,600 tons 
of iron per day was claimed for the fur- 
nace on October 22. At yearend all of 
Japan's six largest steel companies were 
engaged in ambitious expansion programs 
involving some of the largest blast furnaces 
ever built. At least two of the furnaces 
under construction have a design capacity 
of over 7000 tons of iron per day. In the 
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U.S.S.R., three furnaces of over 95,000 
cubic feet volume were blown in during the 
year and a furnace with a volume of about 
113,000 cubic feet was reported to be in 
the design stage. 

The outstanding technological develop- 
ment of 1968 was the industrialization of 
several direct reduction ironmaking and 
steelmaking techniques which bypass the 
blast furnace. The intriguing aspect of these 
methods is that they not only obviate the 
high initial investment of a blast furnace 
and associated facilities, but that they have 
potential application to a continuous steel- 
making system. 

At yearend a new ironmaking process 
went on stream at the McWane Cast Iron 
Pipe Company of Mobile, Ala., which uses 
a new type of pelletizing system in con- 
junction with electric melting furnaces to 
produce high-grade pig iron or hot base 
metal designed especially for ductile iron 
or gray iron production. 

Following World War II McWane Cast 
Iron Pipe Company faced a shortage of 


high-quality pig iron; therefore, a long- . 


range research program was assigned to 
Battelle Memorial Institute to develop an 
integrated process which would be nonstop 
from iron ore to final casting. A basic 
process was developed known as the Dwight 
Lloyd McWane (D-LM) reduction process. 
Following completion of the research work, 
McDowell-Wellman Engineering Company 
of Cleveland, Ohio, constructed and oper- 
ated a pilot plant at Cleveland to evaluate 
materials from around the world including 
the following types of iron ore: Hard 
magnetites; titaniferous magnetites; specu- 
lar hematities; earthy hematites; goethites; 
and dust, sludge, and fume from metal- 
lurgical plants. A feasibility study showed 
that good water transportation would be a 
decisive economic factor in industrializing 
the process and so in August 1966 
McDowell-Wellman began construction of 
a commercial plant on the western shore of 
Mobile Bay at Mobile, Ala. 

The D-LM process consists of the follow- 
ing five steps: 1. Proportioning raw mate- 
rials; 2. Grinding and filtering; 3. Balling 
green pellets; 4. Carbonizing green pellets; 
5. Smelting the self-fluxing and self-reduc- 
ing pellets in an electric furnace. 

The chemical and physical changes that 
take place during the carbonizing step may 
be compared with those that occur in a 
blast furnace process. First, the coal be- 
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comes carbonized paralleling the coke-oven 
function; second, the charge becomes ag- 
glomerated paralleling the sinter or pellet 
plant function; and third, the ore becomes 
preheated and prereduced paralleling the 
function of shaft reactions in a blast fur- 
nace. In the D-LM carbonizing step, these 
simultaneous reactions take place rapidly 
within a 15- to 20-minute period. This is 
said to be the key factor for the economic 
feasibility of the process. 

The plant at Mobile will operate at a 
capacity of about 200,000 tons per year, 
20 percent of the capacity of a modern 
blast furnace. Capital cost requirements for 
the D-LM plant are in the order of $50 per 
annual ton. Capital cost requirements for 
a blast furnace, agglomeration plant, and 
coking ovens to operate at a capacity of 
200,000 tons per year are estimated to be 
in the range from $150 to $200 per annual 
ton. Estimates of capital costs for plants of 
| million tons per year capacity are $40 
per annual ton for a D-LM plant and $100 
per annual ton for a blast furnace plant 
with coke and pellet facilities. 

Potential of the D-LM process is evi- 
denced by its compatibility to continuous 
steelmaking; by its product range from 
pig iron (including shot) to ferroalloys; by 
its raw material range from iron ore fines 
to waste materials such as those in tailings 
piles, slag dumps, and red mud lagoons; 
and by the fact that no liquid effluent 
leaves the plant and no air pollution prob- 
lems are created.“ 

A new plant under construction at Port- 
land, Ore., by Midland-Ross Corp. will 
produce highly metalized iron ore pellets 
using a gaseous reduction process developed 
by the Surface Combustion Division of the 
corporation. Reducing ore with gas is 
suited to the Pacific Northwest because of 
the availability of cheap natural gas and 
the scarcity of high-quality coal. The plant 
will receive high-grade fines in slurry form 
from the Marcona Corp. in Peru and 
convert them to 95-percent-iron pellets. 
These will serve as a continuous feed for 
an adjacent electric-furnace shop nearing 
completion by Oregon Steel Mills. The 


direct reduction plant has been deliberately 


3Ban, Thomas E., and Donald C. Violetta. 
D-LM—New Commercial Ironmaking Process. 
Iron and Steel Eng., v. 45, No. 9, September 
1968, pp. 101-114. 

Jeffery, Warren C., and T. E. Ban. Nonstop 
From Iron Ore to Casting. Pres. at American 
Foundrymen's Society meeting, Pittsburgh, Pa., 
May 11, 1967. 
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modulized at a single capacity so that com- 
plete duplication can be accomplished for 
further expansions.‘ 

The Stelco-Lurgi/Republic Steel-National 
Lead (SL/RN) prereducing process, a 
rotary kiln-solid fuel reduction process, was 
used to evaluate iron ore from Hammersly 
Iron Pty., Ltd., of Western Australia. The 
Steel Company of Canada, Ltd. (Stelco), 
produced the pellets which were then con- 
tinuously fed to an electric furnace at 
Stelco’s Edmonton, Alberta, plant. The 
tests results were sound, showing excel- 
lent removal of sulfur and phosphorus. 
Hammersly will build a 1-million-ton direct 
reduction plant using the SL/RN process 
in Dampier, Australia, by 1970 or 1971. 

Additional plants using the SL/RN 
process are being constructed at Inchon 
Heavy Industry Corp. (South Korea) and 
at the New Zealand Steel Co. In New 
Zealand, high-iron beach sands will be 
used to produce sponge iron. In Brazil, 
construction was underway on a new steel 
plant, Aços Finos Piratini, S.A., adjacent 
to a coal mine and thermoelectric plant at 
Charquedas, Rio Grande do Sul. The plant 
will use the SL/RN process to produce 
72,000 tons of sponge iron annually. The 
steel plant will have three electric-arc fur- 
naces with a capacity of 50,000 tons 
annually. 

Falconbridge Nickel Mines Ltd. (Can- 
ada) developed a new nickel-bearing re- 
duced iron ore pellet containing 90 percent 
iron and 1.5 percent nickel. The pellets will 
be sold primarily to alloy steel and stainless 
steel producers and are capable of being 
charged directly into steel-making furnaces. 
A new $35 million concentrator is under 
construction in the Sudbury area to pro- 
duce 500,000 tons of pellets annually using 
pyrrhotite as the raw material. The plant 
is expected to go onstream late in 1969. 

With the commercialization of continuous 
direct reduction processes, and the techni- 
cal success of continuous electric furnace 
melting, the long sought goal of continuous 
steelmaking appears within reach. Continu- 
ous steelmaking through another approach, 
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the oxidation route, appears more distant 
but has experienced significant progress in 
the last several years. The chemical re- 
actions within a blast furnace are con- 
tinuous, only the tapping of hot metal is 
discontinuous. The use of two and more tap 
holes in modern, large blast furnaces to 
adequately handle high production rates 
is a step toward a more continuous flow of 
hot metal. The reaction of hot metal with 
oxygen in steelmaking, however, remains 
essentially a batch process. Two European 
steelmaking processes, which are based on 
a large increase in the reaction surface of 
the hot metal, show promise of supplying 
the missing link in the oxidation route. 
Spray steelmaking, developed by the Brit- 
ish Iron & Steel Research Association 
(BISRA), is based on the atomization of a 
falling stream of hot metal by oxygen jets. 
Two steel companies in England have in- 
stalled spray steelmaking units which proc- 
ess hot metal at the rate of from 60 to 80 
tons per hour. Many economic advantages 
are claimed for this process, however, 
problems of large scale operation such as 
temperature control, flux feeding, fume 
removal, and slag foaming must still be 
solved. 

A process under development in France 
by IRSID with the financial help of the 
European Coal and Steel Community, is 
based on a large increase of the area of hot 
metal inside a mass of slag. A continuous 
slag-metal-gas complex is set up in a re- 
fining vessel which overflows into a decant- 
ing vessel where separation of the slag and 
metal phases takes place. The raw steel 
flows in a continuous stream into a third 
vessel where deoxidation, alloying, or other 
refining steps may be carried out. At year- 
end a 700-ton per day pilot plant was 
under construction in eastern France to 
evaluate the economics of the process." 


Sturgeon, James H. Oregon Steel Mills To 
Utilize Prereduced Pellets. Iron and Steel Eng., 
v. 45, No. 6, June 1968, pp. 197, 201. 

5 Spray Steelmaking Spreads Its Wings. Steel. 
V. 162, No. 8, February 19, 1968, pp. 41-43. 

Trentini, Bernard. Comments on Oxygen Steel- 
making. Trans. Met. Soc. AIME, v. 242, No. 12, 
December 1968, pp. 23717-2388. 
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Table 2.—Pig iron produced and shipped 
in the United States, in 1968, by States 
Table 3.—Foreign iron ore and manganif- 
erous iron ore consumed in manufacturing 
pig iron in the United States, 


(Thousand short tons and thousand dollars) 


Shipped from 


Pro- furnaces by source of ore 
State duction ———————————— 
Quan- Value (Thousand short tons) 
tity 
Source 1967 } 1968 2 
Alabama 4,378 4,455 $244,515 
Illinois 6,205 6,262 350, 950 
Indiana 12,475 12, 502 713,723 Brazil 8 1,978 1,516 
Gi 8 15,758 15, 694 928,217 Canada oo o eorr eese 3,933 2,498 
Pennsylvania 21,008 21,078 1, 180, 546 Chia: ue 1,641 1,534 
California, Colorado, POR... ˙ - aena 236 125 
Uta 4,873 4,887 287,917 Venezuela 5, 298 6,124 
Kentucky, Other countries 1, 509 1, 833 
Maryland, Texas, — —— q — — 
West Virginia 10,841 10, 909 623,111 Total 14, 595 13, 630 
Michigan, 
Minnesota 7,324 7,340 404,417 SINN EIGENEN eee 
New York. ......... 5,902 5,958 334,421 1 Excludes 24,340 tons used in making agglom- 
—VU erates. 
Total 1 Vl 88,767 89,085 5,067,817 2 Excludes 19,550 tons used in making agglom- 


erates. 


1 Data may not add to totals shown because of 
independent rounding. 


Table 4.—Pig iron shipped from blast furnaces in the United States, by grades 


(Thousand short tons and thousand dollars) 


1967 1968 
Grade Value Value 

Quantity ———————— —————— Quantity ————————————— 

Total Average Total Average 

per ton per ton 
Fòündiy s e EHE 1,534 $87,072 $56.76 1,611 $90,578 $56.22 
TT 79,931 4,565,113 57.11 83,560 4,756,441 56.92 
Bessemer. 2,844 169,338 59.54 1,496 ,889 56.74 
Low-phosphorus. .................-- 215 13,055 60.72 177 10,364 58.55 
Malleable. ....................-.-- 1,996 113,851 57.04 1,880 105,156 55.93 
All other (not ferroalloys)..........- 299 17,272 57.77 361 20,389 56.48 
Total EE 86,819 4,965,700 57.20 89,085 5,067,817 56.89 


1 Includes pig iron transferred directly to steel furnaces at same site. 
? Data may not add to totals because of individual rounding. 
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Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) 
in the United States, by States 


T€ January 1, 1968 January 1, 1969 
ate —F 
In Out of Total In Out of Total 
blast blast blast blast 
Alabama- -..222aaaaaaaaaMMMMMMaMMiMiM r9 r8 r 17 9 9 18 
Gaffel ux ere F 4 3 4 
Geh cessere c . 4 „ 4 
Ii amus teca ee 14 4 18 18 5 18 
ain 88 22 2 24 20 4 24 
Rentu ek esses 2 1 3 2 1 3 
Maryland 10 .......- 10 7 3 10 
Michigan : NR 9 8 1 9 
Minnesota 1 1 2 1 1 2 
New Fork. ... Sc 12 3 15 12 3 15 
If.... EE 33 14 47 27 20 47 
Pennsylvania. ................-..---- r 39 19 r 58 35 23 58 
Tennesse 3 8 3 3 
e e rA ee ge Duss NEE 2 GER 2 
DUtüli- 2: a x EES N 3 2 1 3 
West Virginia 411 4 E 4 
))) ee bs es r 168 r 55 r 223 150 74 224 
Ferroalloy blast furnaces. ............. r5 r2 r7 2 
Grand Total. 173 57 230 154 76 230 


r Revised. 
Source: American Iron and Steel Institute. 
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Table 7.—Steel production in the United States, by type of furnace 


(Thousand short tons) 
Open hearth Basic 
Year Bessemer oxygen Electric Total 
Basic Acid process 

ff eh aL eh eet ee 97,655 443 858 15,442 12,678 127,076 
19 cow Od mau EM D 93,866 327 586 22 , 879 13,804 131,462 
% ⁰⁰⁰ 84, 804 221 278 33, 928 14, 870 134,101 
19817... eu K acer. 70,550 140 (3) 41,434 15,089 127,213 
% AAA A a 65,836 (2) (3) 48,812 16,814 131,462 


! Includes only that steel for castings produced in foundries operated by companies manufacturing steel 


ingots. Omits about 2 percent of total steel production. 


? Basic and acid open hearth production data reported separately in previous years. 


3 Included with open hearth. 
Source: American Iron and Steel Institute. 


Table 8.—Metalliferous materials consumed in steel furnaces in the United States 


(Thousand short tons) 


Iron ore Agglom- Pig Ferro- Iron and 

Year erates ! iron alloys ? steel 

Domestic Foreign scrap 
ö ³¹¹w . eee 2,114 4,816 1,379 78 ,925 1,819 64, 848 
JJ AAA ye DE 1,818 4, 400 31,061 81,040 1,898 68,272 
%%%öͤ “ eee eee 1,348 3,768 4870 83,947 1,915 68,778 
LEE 954 2,905 5 600 80,404 1,818 65,027 
1908. 24 . ⅛ Z An 8 958 2,514 6 684 79, 938 1,404 67,281 


1 Includes consumption of pig iron and scrap by ingot producers and iron and steel foundries. 
? Includes ferromanganese, spiegeleisen, silicomanganese, manganese briquets, manganese metal, ferrosilicon, 


ferrochromium alloys, and ferromolybdenum. 


3 Includes 567 sinter, 386 pellets, 100 nodules, and 8 other agglomerates (418 foreign origin.) 
* Includes 435 sinter, 348 pellets, 86 nodules, and other agglomerates (348 foreign origin.) 

5 Includes 306 sinter, 217 pellets, 77 modules and other agglomerates (378 foreign origin.) 

* Includes 290 sinter, 299 pellets, 95 nodules and other agglomerates (337 foreign origin.) 


Table 9.—Consumption of pig iron’ in the 
United States, by type of furnace 


1968 
Type of furnace Thou- Percent 
or equipment sand of total 
short tons 

Open hearth. ............... 40,145 48.3 
Oxygen converter 39,284 41.3 
eettie 519 .6 
Cupola__. seus 22-293 2,909 .5 
Other furnaces 2 _____._.__.- 2 3 
Total 83,131 100.0 


1 Excludes molten pig iron used for ingot molds and 
direct castings. 

2Includes air, induction, and vacuum melting 
furnaces, and Bessemer converters. 


Table 10.—Average value of pig iron at 
blast furnaces in the United States, 
by States 


(Per short ton) 


State 1968 

, ose EE $54.89 
California, Colorado, Utah............. 54.91 
I RE 56.04 
I ow 0k k 57. 09 
New err 8 56.13 
GH Se eee ³·Aü m Tanu as s 59.14 
Pennsylvania 56.01 
Other States!!! 56.31 

AVOIBge. 2 oo cos ee beens 56.89 


1 Includes Kentucky, Maryland, Michigan, Minne- 
sota, Texas and West Virginia. 
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Table 11.—Consumption of pig iron in the 
United States, by States 


(Thousand short tons) 


State 1968 
z . yet 3, 769 
III ˙¹¹ wm e 
California. cu ua cLMara ar ERES 2,188 
Colorado... uum eS scu 980 
Connecticut 22 
Delaware MW 
Floridi- e aa aa A Ww 
Georgia 11 
r 4,772 
mai 8 12, 393 
IOWA 12x 
J777//§ê%ĩ5ðñ: . c 2 
Kentucky... aca a 22 1,592 
LC A DEE 5,641 
Massachusetts -2-2-2 ---------- 31 
Mili 8 7,206 
Minnesota...........-..-..-...2...-..- 461 
Missouri 24 
Montana.. azza 
New Jerseycc/e k 81 
New York; ·o·w—w̃d a ee 5,492 
North Carlong . . 87 
rte Ee 14,566 
Oklahoma. ....-.......-...-...--...- 
Pennsylvania 18,037 
Rhode Island 19 
South Carolina.....................-- 
ennesSSee -2an 127 
7 eet oe ee ⁰ dE 1,197 
Rd a ee 8 
iii 8 6 
MAER ³¹A A C W 
Washington______ 8 
West Virginia W 
Wisconsin 165 
Other Stats 4, 236 
Total cnc 8 83,131 


W Withheld to avoid disclosing individual com- 

pany confidential data; included with “Other States.” 

1 Excludes molten pig iron used for ingot molds and 
direct castings. 


Table 12.—Free-on-board value of steel mill products in the United States in 1967? 


(Cents per pound) 


Product Carbon? Alloy? Stainless? Average 
Inpo EE 6.642 19.306 43.797 16.307 
Serifinished shapes and form „„ 5.943 12.043 52.977 7. 336 
17 Eh a h beta mt 8 6.916 9.793 56.729 8.039 
Sheets and stripe 7. 389 16.040 44.289 8.363 
Tin Mill preduneeſrſrſrſſͥhh!l!t!n! cae aDEE EE %%%%/ôöÜ;¹ẽ 8 9.447 
Structural shapes and oilng ----------------------------- 6.677 (oU eee 6.677 
e d acd ade mas ea 7.804 15.077 67.121 9.746 
Rails and railway-track material................-...-..---- r / uci 7.961 
FFF dene teeta eee eee eec eu 9.662 14.808 117.116 11.589 
Wire and wire products- „„ 13.159 36.063 85.023 14.565 
Other rolled and drawn products- -` _------------------------ 12.104 19.916 77. 406 12.940 
Average total steel 7.908 13.826 56.507 9.0283 


! This table represents the weighted average value based on the quantity of each type of steel shipped; there- 
fore, it reflects shifts in the distribution of the 3 classes of steel. 

2 Transfers to other plants of the same company are included with shipments to other companies. 

3 Included with plates. 


Products 


Ingots and other primary forms: 


Puddied bars and pilings, blocks, lump and other primary 
forms of iron or Arg n.e.c 
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SEMIMANUFACTURED 


Cells for rerolling 


Blanks for tubes and pipes, iron or steel 


Bars, rods, angles, shapes and sections: 


Wire rods 
Bars, rods, and hollow drill steel 


Concrete reinforcing bars 
Angles, shapes and sections 
Plates and sheets: 


Steel Diates EE 
Black lte gereegelt 8 


Iron and steel plates, n 
Tinplate and terneplate 


Tinplate circles, cobbles, strip and scroll...................- 


Hoop and strip 


MANUFACTURES 


Cent lon pressure pipe, soil pipe and fitting 


Steel tube and pipe 
Malleable iron tube and pipe fittings, n 


ttings, union and flan ges 


„ cece este s 


Electrical conduit fittings of iron or steel 


Iron tube and pipe fittings, n.e.c 
Seamless tube and pipe 


Welded, clinched or riveted tubes and pipe. ...............- 


Castings and forgings 


r Revised. 


r 1,897,697 


1967 

Short tons Value 

thou- 

sands) 
5,880 $699 
302,498 26,330 
60,486 84,446 
1,453 251 
370,317 61,726 
7,107 1,598 
78,857 26,193 
21,577 2,904 
113,789 18,454 
15,622 8,517 
r 138,591 * 41,895 
19,854 1,895 
254,410 53,725 
283,542 r 42,246 
15,380 1,485 
56, 87 28, 071 
r 1,005, 603 * 226,983 
32, 348 6, 335 
49,099 25,971 
r 64,572 1 13,316 
30, 513 41,519 
„623 1, 625 
10, 655 8,040 
217 8,769 
183, , 802 71,165 
70,602 30,982 
r 72, 346 r 52, "885 
r 521,777 r 266,607 


Table 13.— U.S. exports of major iron and steel products 


1968 

Short tons Value 

thou- 

sands) 
4,462 $729 
551,708 438, 201 
50,432 26, 987 
2, 095 241 
608,697 76, 158 
= ih 
12,317 2,316 
100,200 28,251 
26,097 8,903 
121, 899 20, 757 
15, 584 7,878 
278,048 49, 486 
27,867 3,097 
209,269 43, 628 
293,265 44, 550 
15, 267 1, 405 
56, 022 26, 456 
1,150,830 231,727 
89,526 16,660 
63,710 28,960 
49,098 ,920 
29,922 41,138 
1,440 1,771 
12,123 6,806 
6,650 8,562 
228,877 83,999 
93,738 ,121 
125,131 63,4388 
700,215 293,775 
601,660 


r 555,316 2,459,742 


607 


608 MINERALS YEARBOOK, 1968 


Table 14.—U.S. imports for consumption of pig iron, by countries 


1966 1967 1968 
Country —— > ——ꝛꝑ¹ͤ — 
Short tons Value Short tons Value Short tons Value 
(thou- thou- (thou- 
sands) sands) sands 

Australia... os os SE 18 ,241 l ³¹¹ 

Belgium- Luxembourg 1,798 BGG: css. o⅛ A ˙ . eec Seuss 

))). ⁰· seca: /// ĩðͤ c Ana EE 33,240 76 

r eset he es 898 , 598 19,798 408,066 $20,821 416,888 18 ,048 

Czechoslovakia 67, 96 %%%%ͤù ß 8 

MONG so 8 64,655 2,294 83,617 1,244 77,762 2, 658 
Germany: 

J7FFꝙꝙ!k ee eee 104,891 8,287 49,700 0 ERES 

Wost eco eet ee 79,750 8,028 41,947 1,646 79,710 2,872 

JJ ³riV²;³ẽ³ ⁵²˙ ] ð ˙ꝛ ⁰ͥ¶dʒd -/. ð v - “28° ᷣ ! ⁰ £a 

Mozambique —ʒ .. .. .. . . .. ...-- 22,801 Bie esos cdm Gaa 

Netherlands 4, 506 177 9,869 881 29,495 1,148 

S suasana aa Si. Site lume. 10,900 899 61,616 2,037 

Rhodesia, Southern 72,664 2,819 22,400 DBT sees. vide 

umania... . -=n 32,599 e Rc 

South Africa, Republic of.......----- 133, 4.129. Llzscl22n. Sumo y 8 

e TEE ; t A ey DRE a 21,221 741 

Swedeh. cecus ]Ü Ü ·¹ꝗ . Sods lee dons ee 1,922 137 40,048 1,218 

USS cb ẽ ̃ eh se oe ee rabia 185,894 Ref ee ` See eeben Ee e 

United Kingdom. .................- 58 6 7,075 885 26,424 798 

Nepgen Eeer lucu 19,710 . dee 

Total... zebzuLceccru ud 1,186,739 45,914 605,284 27,599 785,899 80,486 


Table 15.—U.S. imports for consumption of major iron and steel products 


1967 | 1968 


Products Value Value 
Short tons (thousands) Short tons (thousands) 


Iron producta: 
ast iron pipes, tubes and fittings. ..... r 27,308 r $6,857 89,064 $9 , 488 
Bars of wrought iron 806 93 478 178 
dv) WEE r 27,614 r 6,450 89,542 9,606 


Iron and steel products: 
Ingots, blooms, billets, slabs and sheet 


J (u0]ĩðk A E EEE r 220,289 31,298 298,678 42,859 
Bars of steel: 
Concrete reinforcing bars.......... 567 , 026 42,003 789 , 756 58,514 
Other bars 651,286 r 75,718 975,390 108, 125 
Plates and sheets: 
Black platte 9,887 1,001 6,669 648 
Steel plates r 1,030,199 r 96,872 1,779,449 159,840 
Steel sheets r 8,692,483 r 363, 478 6, 359, 405 627,234 
Plates, sheets and strip of iron or 
Pino SENE OR QE OR et ees r 527,429 r 76,375 985,484 138,050 
Strip of iron or steel 67, 591 23,112 : 28,878 
Hollow drill steel 5,014 1,958 8,708 1,951 
Wire rods of steel. 1,076,472 r 101,866 1,600,378 150,488 
Sheet piling.........................- ,669 $ : 6,6 
pes, tubes and fittings..............- r 1, 098, 845 174, 156 1.653, 209 256,955 
Angles, shapes and sections r 1, 625, 488 r 159, 197 2, 194, 004 205, 466 
Rails and and terneplate..............- 156, 351 27,112 227, 663 39, 156 
and railway track material. 20, 256 1,853 84,216 8,105 
EE r 668,713 r 133,270 825,456 162,088 
Kate and foreings .--..-..- r 16,475 r 7, 516 12, 029 5,576 
Nr WEE r 11,457,978 r 1,319,830 17,853,996 1,989,482 
Grand total 11, 485, 587 r 1,826,280 17, 898, 587 1,999,088 
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Table 16.—World production of pig iron (including ferroalloys), by countries 


(Thousand short tons) 


Country 1964 1965 1966 1967 1968 » 
North America: | 
. ³·¹1wꝛ²¹ꝛů ee Ed Ea. 6,717 7,261 7,400 7,108 8,550 
Mexico E sponge iron) 1,291 1,325 1,595 1,830 2,228 
United States 87,922 91,016 94,000 89, 479 91, 845 
South America: 
e eR ERExeni e cause 666 761 r 600 686 623 
Bras EEN r 2,984 12, 637 r 3 288 8,485 8,758 
alte ee ee ⅛ͤð A Du 494 855 491 560 481 
Colombia 226 225 186 228 219 
gd 4: Z22227 mk =. p EROS 30 22 r 18 34 NA 
Venezuela._.......-.-..__--.--------- 856 868 387 465 677 
urope: 
VAT et ³· AAA E ES 2,484 2,429 2,424 2,963 2,738 
Belgi. u oc r i a dee 8,870 9,222 9,072 9,912 11,432 
Bulgaria 504 766 r 995 e 1, 050 e 1,050 
Czechoslovakia. r 6,301 6,468 6,910 7,520 7,600 
enmar Kk tee. igus s 83 e 83 
Finland___ l. e eek eee es r 653 r 1,030 1,030 1,121 1,154 
FHF... Meese oe r 17,288 r 17,383 r 17,185 17,317 18,409 
Germany 
Was S 2,491 2,577 2,698 2,788 2,572 
MA EE 29 ,963 29,751 28,013 80,166 33,406 
Hung on Eeer 1,6 1,753 r 1,822 2 1,824 2 1,806 
| A eet EEEE E E E EET 3,996 6,207 7,074 8,228 8,812 
Luxembourg 4, 620 4, 569 4,867 4,865 e 4,400 
Netherlands- --...-.------------------ 2,147 2,606 . 2,435 2,853 8,110 
NOPWHU ? .. G6 ic e ne 482 578 694 702 750 
Poland... ³·o¹¹ (oo aduüece 6,220 6,349 6,455 7,254 7,539 
FSH ˙ “c .. Kk hv ͤ eee ee r 297 804 274 314 319 
n . hnne 2,121 2,226 2,423 2,707 8,298 
Spali 2 Su oe se Leld i erm mE 2,170 2,653 r 2,464 3,047 8,170 
ele eebe e 2,569 2,708 2,648 e2,797 8,003 
Seitzerland -2-2-0 30 3 6 81 
i: P SEENEN 68,759 72,955 17,458 82 ,466 86,862 
United Kingdom 19,347 19, 555 17,595 16,971 18,408 
Vugoslavig ---------- 33 1,184 1,295 1,342 1,297 1,418 
Africa: 
Aleerias 654563 ee 4 7 e 11 e 11 e 11 
Rhodesia, Southern 851 276 287 NA NA 
South Africa, Republic of..............- 8,182 8,972 r 4,042 4,177 4,546 
KE EE EE e 55 108 141 
i United Arab Republic.................- 212 r 209 r 297 e 287 NA 
sia: 
China, mainland e _.--..------------- 19,800 20,900 22, 000 15, 400 20, 900 
ee . ESRC NEY TNE ee r 7,426 r 7,851 7,981 7,785 8,071 
Ch Nr Se Sees r 26,938 r 31,033 r 86,126 45,227 52 ,806 
Korea: 
North occ ( oe ew bee a 1,477 e 1,600 e 1,650 e 1,930 e 2,200 
Sl lo c4 oe eR 8 29 47 e 34 19 
Taiwan ee ed a eee 68 79 78 95 84 
Thailand 2322; HP Qam asua SS RR 6 6 2 7 e 44 
lll 8 442 551 906 934 1,003 
Oceania: 1 imr C Cel A ar 4,463 4,755 5,295 5,575 6,141 
Total. Oa c re Baers os ee ewes r 349,246 368,725 * 882,170 392,511 424,708 
* Estimate. P Preliminary. r Revised. NA Not available. 


1 Pig iron is also produced in the Congo (Kinshasa), but quantity produced is believed to be negligible. 
* Excluding ferroalloys. 

s U.S.S.R. in Asia included with U.S.S.R. in Europe. 

! Includes foundry iron. 

5 Total is of lis figures only. 
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Table 17.—World production of steel ingots and castings, by countries 
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(Thousand short tons) 


South America: 
he AR EEN 


Be rr 
Venezuela... 


Luxembourg 
S etbherlande ..-. Lll... 


United Kingdom MEHR FE ape 

Kei DER TEEN 
Africa: 

BT TEEN 

Rhodesia, Southern ----------------- 

GC EE Republic of 


ia: 


e Estimate. p Preliminary. 


produce steel ingots. 


1964 


1965 


r 505, 656 


r Revised. NA Not available. 
1 Data from American Iron and Steel Institute. Excludes production of castings by companies that do not 


2 U.S.S.R. in Asia included with U.S.S.R. in Europe. 


3 Total is of listed figures only. 


1968 


1966 


r 528,624 


1967 


9,694 
r 8,878 
127,218 


542, 563 


1968 » 


11,251 
8,621 
181,462 


581,519 
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Iron and Steel Scrap 


By John W. Thatcher 


The domestic ferrous scrap industry 
staged a moderate comeback in 1968, due 
primarily to a 6-percent increase in the 
production of ferrous castings and a 3- 
percent increase in the production of raw 
steel. Sales and total consumption of iron 
and steel scrap increased from the pre- 
vious year’s levels; however, record low 
prices at midyear resulted as steel mills 
reduced scrap inventories in favor of in- 
creasing inventories of steel products as 
a hedge against the threat of a basic steel 
strike on August 1. New electric furnace 
capacity under construction in 1968 was 
welcomed by scrap processors, as scrap 
consumption in open-hearth furnaces con- 
tinued a downward trend. The Bureau of 
Mines was active in research projects de- 
signed to expedite reuse of junked auto- 
mobiles. 


Table 1.—Salient iron and steel scrap, and 
pig iron statistics in the United States 


(Thousand short tons) 


1967 1968 


Stocks Dec. 81: 
Scrap at consumer plants 


7,798 7,882 
Pig iron at consumer and sup- 


plier plants.........-..-.-. 2,842 2,842 
Mf ( 10,635 10, 224 
Consumption: 

Sf cle cece edu seseeu 85,861 87,060 

Pig on een 87,871 89,953 
Imports for consumption, scrap 

(including tinplate scrap). ......- 229 294 

Exports, iron and steel scrap r 7, 506 6, 565 


Price: Scrap, No. 1 heavy- melting, 
Pittsburgh, average per long ton 1. $26.68 $26.67 


Value: Scrap, all grades, for export 2. $36.61 $83.61 


r Revised. 

1 Iron age. 

2 As computed from export data obtained from the 
Bureau of the Census. 


AVAILABLE SUPPLY 


During 1968, iron and steel scrap con- 
sumers had 87.1 million short tons available 
at their plants, an increase of 2.5 percent 
over the quantity available during the 
preceding year. Although net supply in- 


creased, the portions provided by purchased 
and home scrap remained unchanged from 
1967 at 38.5 percent and 61.5 percent, 
respectively. 


CONSUMPTION 


Domestic scrap consumption, primarily 
a function of steel production, was at the 
third highest level in the history of the 
consuming industries, exceeded only by 
91.5 million tons consumed in 1966, and 
90 million tons consumed in 1965, both 
record steel-producing years. Although the 
consumption of scrap in 1968 increased 
almost 2 million tons above that of 1967, 
the scrap proportion of total ferrous 
metallics charged to ironmaking, steelmak- 
ing, and ferroalloy furnaces decreased from 
49.4 percent in 1967 to 49.2 percent in 


1968. This small percentage decrease repre- 
sents about 425,000 tons of scrap replaced 
by pig iron in ferrous melting and refining 
operations. The downward trend in rela- 
tive use of scrap, which began in 1966, 
may be illustrated by the following ex- 
ample: If scrap and pig iron had been 
used in 1968 in the same proportion as that 
used in 1965, scrap consumption in 1968 
would have been higher by 2.1 million tons, 
or the ferrous metallic equivalent of about 


2.1 million junk automobiles. 


1 Physical scientist, Division of Mineral Studies. 
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Figure 1.—Metallics consumed Total iron and steel scrap plus pig iron; Steelmaking 
metallics—Total iron and steel scrap plus pig iron consumed in steelmaking 
furnaces; Steel production (AISI); Receipts of purchased scrap by consumers. 


STOCKS 


Iron and steel scrap stocks held by con- 
sumers increased steadily throughout the 
first 7 months of the year, reaching a high 
of 8.4 million tons in August. This peak 
was coincident with the sharp drop in steel 
production after the basic steel contract 
settlement on August 1. Stocks gradually 


fell toward yearend as the rate of steel 
production increased after September. 
Stocks of ferrous scrap held by consumers 
on December 31, 1968, equaled a 33-day 
supply at an average daily consumption 
rate of 239,000 tons. 
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PRICES 


The 1968 average composite price of 
No. 1 heavy melting steel scrap, the in- 
dustry’s prime grade, fell to its lowest level 
in 22 years despite increased steel produc- 
tion and scrap consumption. The average 
composite price for No. 2 bundles—old 
auto bodies—dropped to about $20 per 


ton at yearend, and prices for turnings and 
berings were reported to be so low that 
some processors were charging industrial 
plants for removal of these grades. Prices 
at yearend were slightly higher than those 
for July, but were substantially lower than 
those at the beginning of the year. 


FOREIGN TRADE 


International trade in iron and steel 
scrap benefited the U.S. balance of pay- 
ments by $192 million, as exports exceeded 
imports by 6.4 million tons. Exports for 
the first 7 months of the year were in- 
hibited by the strong domestic demand for 
scrap as steel mills produced at a record 
rate; however, a lower domestic demand 
after the August 1 basic steel settlement 
coupled with a resurgence of foreign steel 
production stimulated exports during the 
remainder of the year. Exports in Novem- 
ber attained the highest monthly total 
since July 1961, due largely to the anticipa- 
tion of a east and gulf coast dock strike in 
December. Total exports of ferrous scrap 


in 1968 decreased about 1 million tons 
from the near-record level of 1967; a 
2-million-ton drop in exports to Japan was 
partially offset by an increase in exports to 
Italy, Spain, Taiwan, and other countries. 
Of the grades of scrap exported, heavy 
melting steel and baled steel each showed 
about a 700, 000-ton decrease, while other 
steel scrap (terneplated and tinplated) 
showed an increase of over 400,000 tons. 

Imports of ferrous scrap were dwarfed 
by exports by a ratio of 1:23, again demon- 
strating the abundant supply of iron and 
steel scrap in the U.S. market which is 
available to both domestic and foreign 
consumers. 


TECHNOLOGY 


Ferrous scrap research in both the Fed- 
eral and the private sectors continued to 
be focused on the junk auto, the one item 
in the iron and steel cycle that is most 
visible, most complex, and most resistant 
to recycling. The Bureau of Mines’ ferrous 
scrap research program was expanded in 
scope in 1965 and was designed to develop 
the necessary technology for converting 
this resource into a material highly desir- 
able for recycling, thus adding positively 
to the Nation's mineral base. Bureau 
projects underway in 1968 were in various 
stages of development at several centers 
throughout the country and ranged from 
the initial reclamation process, that is, 
auto dismantling, to the final loss of identity 
of the auto scrap in the steel melt.? 

A project to design, construct, and oper- 
ate an experimental, pollution-free, auto- 
mobile incinerator at the Bureau’s Salt 
Lake City Metallurgy Research Center was 
well along by yearend. The incinerator is 
designed to process eight cars per hour and 
will probably be operational by mid-1969. 
Also underway was a project to leach out 
the nonferrous inclusions and components 


in junk cars that are not removed by 
incineration. A promising and efficient low- 
cost modification of the conventional 
cyclic ammonia leach method for recover- 
ing nonferrous metals has been devised. 

Methods to upgrade the nonmagnetic 
rejects from shredding operations are also 
being studied at the Salt Lake City Center. 
A procedure which employs air to fluidize 
and separate the nonmetallic from the 
metallic portions of the shredded reject 
material appears promising. 

In another study, researchers at Salt 
Lake City have dissected a number of 
automobiles as a means of analyzing the 
complete metallic and nonmetallic content 
of the units, data which the automobile 
manufacturers have been unable to provide. 
Thoroughness of the study is evidenced by 
the fact that for the larger cars, over 300 
parts are removed, classified, and weighed. 
Time and motion data were obtained using 
various dismantling methods including 


2 Melcher, Norwood B. Utilization of Ferrous 


Scrap. Proc. Symp. on Mineral Waste Utilization, 
cosponsored by the Bureau of Mines and Illinois 
Inst. 'Technol, Res. Inst, Mar. 27-28, 1968, 
pp. 182-137. 
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cutting torches, hand-stripping, and cut-off 
saws. Weight distribution data were classi- 
fied according to location of part and 
assembly, and according to type of metal. 
Three tests were completed in 1968, bring- 
ing to a total of 17 the junk cars which 
have been dismantled, weighed, and ana- 
lyzed. A final report on these studies will 
be available sometime in the last half of 
1969. 

A new use has been developed for ferrous 
auto scrap at the Salt Lake City Metallurgy 
Research Center. Shredded scrap has been 
used in a rotating tumbler for cementation 
of copper from dump leach solutions. 
Preliminary cost evaluations indicate this 
procedure to be economically competitive 
to the usual tin can precipitation in 
launders.* 

Projects at the Bureau’s Twin Cities 
Metallurgy Research Center in Minne- 
apolis, Minn., which were related to the 
auto scrap research, involved studies on the 
production of secondary pig iron from 
mixed off-grade ferrous scrap, including 
junk cars, and studies on high-temperature 
oxidation of ferrous scrap to produce iron- 
oxide and clean scrap products which can 
be used as a source of iron in the foundry 
and primary steel industries. 

Researchers at the Twin Cities Metal- 
lurgy Center have also developed a rapid 
method for removing copper from high- 
copper content iron scrap by sweating in 
a bath of molten slag or stable salt, such 
as barium chloride. In laboratory tests on 
motor armatures, well over 90 percent of 
both copper and iron were recovered after 
a 2- or 3-minute immersion in the bath. 
The copper product assayed at more than 


98. percent copper, and the steel cores. 


retained from 1 to 4 percent copper. The 
process appears most feasible for iron or 
steel scrap with more than 15 percent 
copper, such as armatures from motors and 
generators. Research is continuing to test 
the process on other scrap copper com- 
modities and to devise the hardware and 
a detailed flowsheet for extrapolating the 
process to a commercial scale. 

At the Bureau's Albany (Oregon) Metal- 
lurgy Research Center, investigations were 
carried out in cooperation with the Esso 
Research and Engineering Co. to produce 
carbon steel directly by the continuous 
addition of prereduced iron ore to molten 
scrap in an electric furnace. The auto- 
mobile scrap used consisted of No. 2 
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bundles, sheared auto hulks, shredded auto 
hulks, and pig iron produced from auto 
scrap. Advantages of this process over con- 
ventional cold charging techniques are 
shorter heat time, lower electrical energy 
consumption, and a purer product by virtue 
of the purity of the prereduced iron.* 

A joint contract was signed in February 
between the Scrap Research Foundation, a 
research division of the Institute of Scrap 
Iron and Steel, and the Bureau of Mines 
for studies on the improvement of scrap- 
yard layout. Research on the project en- 
titled, *Investigations of Efficiency in Scrap 
Processing Yard Arrangements," is being 
conducted by Ralph Stone and Company, 
Los Angles, Calif., and a final report will be 
prepared in 1969. This was the first joint 
project undertaken by the Scrap Research 
Foundation with a Government agency. 
An earlier project had been undertaken 
by the Foundation with the Association of 
American Railroad Car Dismantlers, a 
group of Institute members specializing in 
railroad car salvage. 

Woodall-Duckham, Ltd., Crawley, Eng- 
land, announced in June that after 7 years’ 
experimental and pilot plant work, the 
company and its partners, Peace River 
Mining & Smelting Ltd., of Edmonton, 
Alberta, Canada, will build a plant near 
Windsor, Ontario, to produce high-quality 
iron powder from impure raw materials. 
The most convenient feedstocks for the 
process are reported to be pickle liquor 
(produced by the hydrochloric acid pick- 
ling of steel strip) and iron and steel scrap. 
The plant, which is close to the center of 
the U.S. automobile industry, will have a 
capacity of 50,000 tons per year and is 
expected to go on stream early in 1970. 
Iron powder has had a growing use in the 
manufacture of ferrous components, and 
a large market is envisioned if the produc- 
tion of flat-rolled steel sheet from iron 
powder proves feasible. 

In a recently completed study, General 
Motors Corporation concluded that the use 
of "ripper-shredder" system for processing 
automobile scrap results in a lower and 
more consistent contamination level than 


Dean, Karl C., Rees D. Groves, and Sherman 
L. May. Copper Cementation Using Automobile 
Scrap in a Rotating Drum. BuMines Rept. of 
Inv. 7182, 1968, 12 pp. 

‘Hunter, Willard L., and Gerald W. Elger. 
Progress Report on the Use of Automobile 
Scrap and Directly Reduced Iron Ore in Produc- 
tion of Electric Furnace Steel. Proc. Electric 
Furnace Conf. (AIME), Chicago, v. 25, 1967, 
pp. 161-164. 
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can be obtained using conventional shred- 
ding operations. In the General Motors 
concept, cars enter the system on a wide 
belt conveyor where exterior trim is manu- 
ally removed. Then the cars pass through 
a ripper or presizer where they are torn 
into eight to 10 pieces. After fragmentation 
in a shredding mill, the material is dis- 
charged onto a screen where fines are 
removed. Then it is passed over a magnetic 
separator where nonferrous material is 
removed. In a scaled-up test, 100 tons of 


615 


auto scrap was processed in a ripper- 
shredder system and then melted in a basic 
oxygen furnace. Copper residuals were 0.16 
percent; nickel was 0.08 percent; and 
chromium was largely oxidized. General 
Motors engineers believe that copper resid- 
uals lower than 0.12 percent can be realisti- 
cally and consistently achieved on a com- 
mercial basis. À cost study of the process 
indicated that a 13.56-percent return on 
investment is possible. 


Table 2.—Iron and steel scrap supply available for consumption in 1968, by States 


(Thousand short tons) 


New supply 
State Receipts Production Totalnew Shipments? available 
supply for 
consumption 
Abe ⁵³ð i ly ZS 1,635 1,868 8,503 266 8,287 
Arizona- sss aeina aa S W W W 
Arkansgs s W W 
als; 1, 500 1.401 2,901 84 2,817 
Colorado... . deeg 302 454 756 4 752 
Connecticut 80 60 140 4 136 
I.. ³ĩð⁰Ür eee cee w „ WwW 
FIOfldB.. ß e woe Ema W W W.. Z uu W 
G o sos ee 289 98 387 1 386 
ie, ee E eet 8,859 4,530 8,389 472 7,917 
aeg 8 2,818 7,676 10,494 1,022 9,472 
5 Coh EE 397 201 598 595 
Kansas ENEE 57 86 99 93 
Keile. EE 779 887 1,616 45 1,571 
ui 8 8 12 1 11 
P ³⁰¹à eee du Ses eee W W W 
Marvlangd 00a 412 2,687 8,049 266 2,783 
Massachusetts 47 60 07 104 
i Seca Sst cee tet cee se 4,232 4,328 8,560 113 8,447 
Minnesota... 195 284 429 23 406 
Mississippi- „ W. sees W 
Missouri 874 270 1,144 6 1,138 
Montana... s W W W 
Nebraska W W W W W 
NU ˙¹w ·¹ꝛmÄ auae a W W teg W 
New Hampshire W W „ W 
New Jersey... .. . . . . . .. .......-.-.- 550 156 706 15 691 
New YORR.. e c dpa wees 1,467 2,548 4,015 62 8,953 
North Carolina 173 43 216: . 226605850 216 
G AAA ĩ A eet 8 7,707 9,101 16, 808 1,304 15,504 
Oklahoma = 22.055.) se Seco wet ews 182 54 286 236 
e ß w 
Pennsylvania 7,371 12,178 19,549 1,799 17,750 
Rhode Island. .....................-- 90 58 148 146 
South Carolina...............-..-..-- W W W W 
Tennessee 235 173 408 12 896 
OX AAA ERN 1,495 1,500 2,995 104 2,891 
VM Set i °. oy 15 959 
ermont..........................-. l 9 | Sé  ........- 
ef TEE w w w w 
Washington 370 114 484 8 476 
West Virginia. aa W W W 
Wisconsin- mn e 2l- 443 523 966 95 871 
Undistributed.......................- 1,784 1,521 3,805 147 8,158 
U.S. total EE 89,463 58,545 93,008 5,876 87,132 


W Withheld to avoid disclosing individual company confidential data, included in undistributed. . 
1 New supply available for consumption is a net figure computed by adding production to receipts and 
deducting scrap shipped, during the year. The plus or minus difference in stock levels at the beginning and end 


of year is not taken into consideration. 


2 Includes scrap shipped, transferred or otherwise disposed of during the year. 
3 Data may not add to totals due to independent rounding. 
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Table 3.—Consumption of iron and steel scrap and pig iron’ in the United States in 1968, 
by type of consumer and type of furnace or equipment 


(Thousand short tons) 
Manufacturers of Manufacturers of Iron foundries and Total all types * 
Type of furnace steel ingots steel castings ? miscellaneous users 
or equipment and castings ? 


Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 


Blast furnace 5...... % ³oꝗmQàànm. ð Ä ð v deles 4,26 

Basie oxygen 
converter 5. 16,112 39)))ͤͥ les 16,112 39,284 
Open-hearth furnace. 31, 127 40, 072 492 J 31,619 40, 145 
Electric furnace 16,842 415 1,965 34 1,243 70 19,550 619 
Cupola furnace...... 1,804 298 480 6 12,492 2,605 14,776 2,909 
Other furnaces 7_____ 874 178 61 18 801 77 736 278 
Total 4....... 70,026 80,248 2,998 131 14,036 2,752 87,060 88,181 


1 Excludes molten pig iron used for ingot molds and direct anng 
2 Includes only those castings made by companies producing steel ingots. 

3 Excludes companies that produce both steel ingots and steel castings. 

* Data may not add to totals shown due to independent rounding. 

$ Includes consumption in all blast furnaces producing pig iron. 

5 Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
? Includes air, induction and vacuum melting furnaces, and Bessemer converters. 


Table 4.—Proportion of iron and steel scrap and pig iron 
used in furnaces in the United States 


(Percent) 


1968 


Type of furnace — 
Scrap Pig iron 


Basic oxygen converter. 2-2 ʒ ꝛp ee eee ee en ene ee eee 29.1 70.9 
Open-hearth furnace: 22.5 6 cok Ze ee ée Geet Seed EE e eech 44.0 56.0 
Electric neee. 8 97.4 2.6 
Cupola furna c e a eco techs Sener ee y 88.6 16.4 
Other e ee 72.9 27.1 


1 Includes air, induction and vacuum melting furnaces, and Bessemer converters. 
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Table 5.—Consumption of iron and steel scrap and pig iron by States, 
by type of manufacturers in 1968 


(Thousand short tons) 


State Steel ingots and Steel castings * Iron foundries and 
castings 2 miscellaneous users Total * 


Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 


Alabama. aK. 2,222 3,175 116 (5) 1,021 594 8,359 8,769 
Arizona W W W Losses W W 
TI ↄ ↄ Ü U AAA Z 00 c M. moses 
California 2,481 2,111 106 2 262 75 2,849 2,188 
Colorado 693 980 19 (5) 43 (5) 755 980 
Connecticut 57 bt 8 (5) 77 22 137 22 
ela ware W W W (5) W W W 
RloridBs.. 12.222. WW sanonu ` deet ud LL ͤ K essen W W 
Georgia 847 .....-.- 6 (5) 80 11 883 11 
Illinois 6,444 4, 628 526 14 1,124 180 8,094 4,772 
Indiana 8,625 12, 209 147 1 656 183 9,428 12,898 
I;ö˖öovz:!̃ ⅛ gow bd é é ag Sa 48 (5) 556 54 604 
Küdh$H9-- o. ⅛˙r: u s - ⁊ 77 (5) 16 2 93 2 
Kentucky ------ 1, 334 ,,, Cece ee 258 33 1,592 1,592 
Loüis|aBnB....----lo22-c 22-2- 8 13 Dk chet. Gentian 13 (5) 
N. f cobseud W (5) W (5 
Maryland 2,752 5,636 OL! 2.2 87 5 2,860 5,641 
Massachusetts... ...... ------- -.----- 15 (5) 84 31 99 81 
Michigan 5,133 6,715 61 1 8,205 490 8,899 7,206 
Minnesota. 242 424 57 (5) 93 37 892 461 
Mississippi. i JJ ³²ð / ³⁰¹¹ww ²³˙ w ³ mm ß 
Missouri 868 ......- 95 5 86 19 1,049 24 
Metteg, ⅛ H ⁰⁰y d ³ðͤ ĩ diues W W 
Nebraska. „ W (5) W. usse W (5) 
Nevada... ss seasicd W (^ a. 152. 2252222 w (5) 
New Hampshire... W (5) Lee oh W (5) 
New Jersey...........- 258 (5) 51 1 383 79 687 81 
New Lor 3,062 5,889 145 14 707 89 3,914 5,492 
North Carolina 17/;ͤ·ͤ assets. deitas 106 37 208 87 
Ohio. sou se oe 12,678 14,34 859 40 2,147 180 15,179 14, 566 
OklahompaaK A, een M 20 (5) 44 14 284 14 
Oregon...............- „ w (5) 8 W (5) 
Pennsylvania 16,630 17,873 407 38 709 126 17,745 18,037 
Rhode Island 89 8 GZ Sasa 49 11 188 19 
South Carola. ˙·˙ .... ⁵ð A x 46 W 46 W 
Tennessee „ 18 2 374 125 392 127 
Ree eege 2,170 1,116 16 (5) 564 81 2,809 1,197 
Utah... eu a W W w 
Nr ⁵² Der mie ws 23 6 28 6 
l K Bem 161 W 471 W 682 W 
Washington 476 7 20 1 111222 506 8 
West Virginia 1.700 W 32 W 51 1,783 
Wisconsin.........--.. ------. ------- 265 7 585 158 850 165 
Undistributed.......... 1,503 4,073 135 8 169 160 1,807 4, 236 
U.S. total 2 70,026 80,248 2,998 131 14,036 2,752 87,060 88,181 


W Withheld to avoid disclosing individual company confidential data, included in undistributed. 
1 Excludes molten pig iron used for ingot molds and direct castings. 

2 Includes only those castings made by companies producing steel ingots. 

3 Excludes companies that produce both steel ingots and steel castings. 

* Data may not add to totals shown due to independent rounding. 

š Less than 1⁄4 unit. 
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Table 6.—Consumption of iron and steel scrap and pig iron 
in the United States in 1968, by State, by furnace 


(Thousand short tons) 
Blast Basic oxygen Open-hearth Electric Cupola Other 
8 furnace converter furnace furnace furnace furnaces 2 
tate — —— — OT i  ——ss 
Scrap Scrap Pig Scrap Pig Scrap Pig Scrap Pig Scrap Pig 
iron iron iron iron iron 
Alabama 179 W W W W 425 1 990 57 (vr. ..... 
J/%%%%%öôĩßÜéC SZ: LS uy asus. W ounces. eeu duda W 
0000 ͤů h ᷣ ̃²ↄẽñ ß y y che CL Danaa 
California W W W 1,987 W 845 27 273 73 W -_---- 
Colorado W W W A 52 (3) 13 W 
h ³ ³·¹¹ ee. badas ↄ VA ³ A ewes 64 2 47 12 25 9 
Delaware. W W 777 eet: TT 
RER, ` ⅛˙¼mꝛᷣñ ] ] 2: cdess- usc] W WW. aaen ²·• w ates: Desas 
Gees Eee. undan weeds W coisas 29 11 W seen 
Illinois. ..........-- 875 842 1,452 2,301 3,168 3,179 19 1,300 121 97 13 
Indiana 310 2,500 6,269 5,468 5, 932 477 4 646 178 26 10 
///! ĩ ⁰ AAT (redu 8 245 W 358 42 w. W 
3 Satu. ORAE Meals ee afe 77 (3) 16 EEN 
Kentucky.......... W W W W W 59 168 149 W a- 
Louisa. o^ A 3 r 
J· Pb ³ĩð .. ĩðͤ v ĩð v ( Geeks C Soru 
Maryland W W W W W W W 108 W 
Massachusetts „„ „b 22 (3 29 3 2 
Michigan..........- 357 2,474 5,964 W W 611 10 4,084 541 W ..... 
innesota.........- W ocho. ess W W 42 (3) 1 Ui uncus 8 
ITT). ese. Gates. Sasss. QP ⅛ ͤ eases: secs deem. Jani eh 
MissoUufj......-2z-- 99 meme. mecs W W 935 (3) 72 18: 22:25. 22922 
HERE ee, ires uuu. codec: emgeet, ceeds? cease. (ias xcd W W 
E 2222222 omes. sasen AAA cates. veces W (3 N sme. sm 
d ⁵˙r:¹˙¹˙ ² ũüũu ice ⁊ ⁊⁊⁊̃ wes. wenn W C: · /- A Js 
New Hampshire kk. W (° „ eee ee 
New Jer$6y.......-.- num 2222- sweet 8 888 W 287 67 W w 
New York 337 W W W W 249 7 638 89 W 
r Geos. . debet masses IEEE W (9) 105 ST cassa: Bidse 
ioo x ccs 1,266 2,768 7,007 4,834 7,100 3,668 84 2,529 213 119 162 
G comes cscs woke . Qe 194 W 40 11 Liz 
JJ;«·; rdf y usu Sek, sae W (Q9) Wo usce W ..... 
Pennsylvania 1,046 2,693 6,191 9,221 11,609 3,671 64 860 119 254 58 
Rhode sland....... ..... ..... ....- W W W (3 49 Ib le dum 
South Carolina... 222- -5222 wage Leds. ---.-- W ....- W W em. Gusas 
Tennessee... ---- -222 (eme xe ` deeg, (EOS 42 8 350 9 caddi 
FC FTF 980 853 1,304 247 454 353533 
TTC see ees NN d xmas W W W W 2 
dvd ꝛ⁵ꝛ˙ ⁵ cee! cesses. bee. Beebe: y 23 Or 22228. woe 
C ˙³˙¹¹¹ dees ⅛˙ÜC«s³; ⁰y neces cud 198 W 487 W W 
Washington -.--- e ----.- 500 8 G. d ( 
West Virginia W w W W W W W W w W W 
Wisconsin W W 260 5 497 137 56 18 
Undistributed....... 897 4,885 12,401 7,478 11,483 1,517 33 216 186 156 6 


U.S. total 4... 4,267 16,112 89,284 31,619 40,145 19, 550 519 14,776 2,909 196 218 


W Withheld to avoid disclosing individual company confidential data, included in undistributed. 
1 Excludes molten pig iron used for ingot molds and direct castings. 

2 Includes air, induction and vacuum melting furnaces, and Bessemer converters. 

s Less than 1⁄4 unit. 

Data may not add to totals shown due to independent rounding. 
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Table 7.—Receipts, production, consumption, shipments and stocks of iron 


and steel scrap and pig iron, by type of manufacturer, in 1968 


(Thousand short tons) 
Manufacturers Manufacturers Iron foundries 
of steel ingots of steel and miscel- 
and castings ! castings ? laneous users 
Scrap: 
ee ³ A 28, 650 2,000 8,818 
Production. .......................-. 46,639 1,166 5,740 
Consumption by grades: 
Carbon steel: 
Low-phosphorus plate and punchings. 888 768 731 
Cut structural and plate........... 833 190 982 
No. 1 heavy melting steel 26,489 272 307 
No. 2 heavy melting steel „707 6 167 
No. 1 and electric furnace bundles 6,893 78 449 
No. 2 and all other bundles 3,489 29 538 
Turnings and boring 2,096 73 569 
Slag scrap (Fe content) 8,255 b 22 
Shredded or fragmentized. ........ 572 89 89 
All other carbon steel scrap... ...... 14,808 920 1,575 
Stainless steel 815 29 . 84 
Alloy steel acep? stainless) )) 2,685 131 133 
Cast iron (includes borings) ...............- 5,737 823 8,063 
Other grades of eerap. ` 5 309 135 427 
Total consumption 70,026 2,998 14,036 
ShipmentXk aMMa 5,150 166 560 
Stocks Dec. 8111 MD HAC EOM elio: 6,691 346 845 
Pig iron: 
R! . . . . . . . . . . . . e RE 4,940 132 8,582 
Production 88 0 0 <seeees- 3 ------ 
Consumption 86,270 133 8,550 
Shipment? T.11T — ww; 2 
Stocks Dec. 31... „„ 2,028 22 292 


1 Includes only those castings made by companies producing steel ingots. 
? Excludes companies that produce both steel ingots and castings. 


Total 


89,468 
53, 545 
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Table 8.—Consumer stocks of iron and steel scrap, by grades, and pig iron, 
Dec. 31, 1968, by States 


(Thousand short tons) 


Carbon Alloy Cast 
steel Stain- steel iron Other Total Pig 
State (excludes less (excludes (includes grades scrap iron 
E ae steel stainless) borings) ofscrap stocks stocks 
ra 
Alabama... .. ĩ³»ü .......... 227 (!) (1) 54 1 282 808 
ECC 52222-22204. W W W WW ] /) 
Arn cece eekeces W. asesan mou o. aideuee- oss sa § i ee 
California... . . u... . 222 (!) 8 86 (1) 811 21 
Colorado A BEEN 1 2 1 25 6 
Connecticut... ......... .. ll. oe 5 8 (1) 5 (1) 13 8 
Dessert tee W W W W W W W 
Fei ³ A 88 77G 8 W WW 
eorgia REMINDER 02 exce. pueri 6 83 
undd Ezot aT 882 8 14 85 1 985 236 
Indiana... -22-2 .--------- 783 10 6 84 8 891 40 
Eugene 46 OQ iussa 4 (1) 50 
Een 8 „ (3) 
Kentucky... cos tek cs 106 1 i 0 he oz 124 11 
ll ⁵5m EENG, MECH () 
MG ING erer Soe Wo umasa ¿SS ass W -_------ 
Marvlsand ----------- 125 11 9 29 (1) 174 28 
Massachusetts 2 () (1) 88 
Michigan 318 12 3 92 2 427 134 
Minnesota. DO 8 1 6 1 60 
Mississippi-.....................- JJ docto ͤ Xt Ee. W uolui. 
Missouri. ...-_........-.-...------ 142 (4) 1 17 2 162 4 
Montana. ⁰·¹üw ·ͥ. d d xx Fam de e W escita w 
Nebraska NJ misa W -cruais W zai 
Nevada........................-.- b ABT TE W usse W W 
New Hampshire. J Ds. lu. faced Sos. W W 
New Jerse r -0MM 43 (1) 1 88 (1) 77 28 
New York 874 13 10 79 (1) 476 836 
North Carolina I;’ 8 W 20 2 
% Mhh Sees 866 26 65 121 6 1,084 580 
Oklahoma FF 1 1 34 3 
G;öð ⅛ sie ĩðâ eee oak W W W S W W 
Pennsylvania 1,249 43 218 244 18 1,767 430 
Rhode Island. ...................-. 14 . 1 1 (1) 16 2 
South Carolina W W aana W W W 
Tennessee 8öͤöð ẽ 8 6 1 15 6 
NK EE 197 (1) 5 20 (4) 222 20 
e E P E 212 ꝙ 6 dt ` gege 258 47 
Vermont... ics eeh FF!!! A ë o4 isses 8 (1) 
Delhi. o ³¾²»dn. EE 22 (1) 8 32 17 
Washington 82 (1) 1 4 1 88 14 
West Virginia. 5 1 . 81 5 
Wisconsin...............--.--.--- 82 (1) (1) 18 1 46 84 
Undistributed..................... 95 8 6 10 6 116 4 
U.S. total 9222 6,279 125 360 1,068 50 7,882 2,342 


W Withheld to avoid disclosing individual company confidential data, included in undistributed. 
1 Data may not add to totals shown due to independent rounding. 
2 Less than 14 unit. 


Table 9.— Consumer stocks, receipts, production, consumption, and shipments 
of iron and steel scrap in 1968, by grades 
(Thousand short tons) 


Produc- Total Ship- Stocks 


Grades of scrap Receipts tion Son ump ments Dec. 31 
on 

Steel scrap: 
%%%) ͤ ³Ü511im A 32,262 40, 371 68, 299 4,133 6,279 
Stainless. 220522222 suu cece SoUaC Se WEE 876 558 878 | 48 125 
Alloy, excludes stainless 601 2,021 2,949 111 860 
Cast iron, including borings...................... 5,885 9,362 14,128 1,883 1,068 
Other grades of scrap. ...............-.........- 839 788 871 206 50 


ff ³ DW - 89,463 58 ,545 87,060 5, 876 7, 882 
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Table 10.—Stocks of iron and steel scrap 
and pig iron at major consuming 
industries plants, Dec. 31 
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Table 11.—Average monthly price and 
composite price for No. 1 heavy 
melting scrap in 1968 


(Per long ton) 


Pitts-  Phila- Com- 
(Thousand short tons) Month Chicago burgh delphia post’ 
price 
Manu- Manu- Iron 
fac- fac- foundries January....... 32.10 32.90 30.50 31.83 
turers turers and ebruary...... 31.00 33.25 30.25 31.50 
Year of steel of miscel- Total March.. 27.00 31.50 28.75 29.08 
ingots steel  laneous April.......... 24.80 26.60 27.80 26.20 
and castings users BY ut iode 23. 88 25. 50 25. 50 24. 96 
eastings June 22.50 28.50 24.50 28.50 
July........... 21.70 23.50 24.50 28.24 
August -....-- 21.50 23.50 25.50 28.50 
Scrap stocks: September 21.90 24.50 25.30 28.90 
1967. 6,588 842 918 7,793 October 21.50 24.50 24.50 28.50 
49688 6,691 846 845 7,882 November 28.18 24.50 24.50 24.04 
Pig iron stocks: December —— 23. 90 26.80 24. 50 24.90 
967 .....- 2,433 25 384 2,842 
19688 — 2,028 22 292 2,342 Average: š 
1968.. 24.57 26.67 26.80 25.85 
1967.. 28.47 26.63 27.79 27.62 
1 Composite price, Chicago, Pittsburgh, Phila- 
delphia. 
Source: Iron Age, Jan. 12, 1969. 
Table 12.—U.S. exports of iron and steel scrap, by countries 
Iron and steel scrap including Rerolling material 
tinplate and terneplate scrap 
Destination 1967 1968 1967 1968 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Argentina.................- 22,317 3737 221 ) ducum e AA fora Me 
Australia 8,04 89 49 J2J%%3ꝙ 8 
Belgium- Luxembourg 2, 822 201 20, 574 .. p a 
Brazil... 8 858 2 208 ETC ps 
Canada.................... 542,378 14,800 528,442 12,106 1,182 $55 142 $27 
Colombia 5, 145 5 5,214 TÀ usc Boece” weeeen eis 
Denmark 6,775 133 4 Id te: ͤ (1 ieee 
France_.........._-..-----.- 13,861 494 14,820 h oe osse 
Germany, West 1,477 222 51.857 2,902. 1.22... ³ð 8 
GreeCe Arm y ( ed, Go kia 9,150 194 Use 8 
Hong Kong 409 214 8,081 ). mee. (was 
Haly o 8 217,139 5,401 728,615 20,863 ...... ...... ..... REECH 
CHE 5,300, 261 173,259 3,386,515 292,223 19,211 816 9,937 343 
Korea, South. ............-- 806,757 10,773 304,181 10,003 91,928 3,846 100,819 4,729 
eXIC0.. local to A LE 747,280 25,754 528,289 18,074 8,788 425 9,470 447 
Netherlands 96 4 4,634 S) A c Eam 
Pakistans 24 4 22,068 %ö·;ẽ— m Lee, eeh 
Peru... m mn-b! a te 20 5,789 3J4!öͤ isuna 
Philippines 8 11,819 289 19,103 JC KK pu. M LE 
pain... oe .. ....... kee 85,472 1,634 357,898 dE ðAA ⁰õ 
Sweden 27,943 4,200 104,768 16,0688 
CCC AA ce lu 85,260 2,973 195,098 5,336 15,651 686 6,641 298 
Thailand. .................. 12,022 88 47,081 rr 
Turkey... oo or cce rS 28,977 770 TT,917. 1,940 luus ase ` ëtt, xxx 
United Arab Republic........ 63,986 1,938 29,888 G66" “22280 goes e 8 
United Kingdom 1,370 135 2,657 268" cies wass. Lec AU totes 
Venezuela 17, 608 516 29, 813 783 25, 748 109 8 
Vietnam, South. ...........- 197 16 12 di. saeco. ⁰˙ A 
usa. esee IgG 69,586 188 9)0!vu!)dd -0222 (49. 
KEIER ces sur eee 692 111 11,878 542. iota enu dic. yoke 8 
Totalkaa! were r 7,506,861 245,303 6,565,049 197,005 162,458 6,988 127,009 6,844 
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Table 13.—U.S. exports and imports for consumption of iron and steel scrap by classes 


(Thousand short tons and thousand dollars) 


1967 1968 
Class —  —n — v 
Quantity Value Quantity Value 

Exports: 
Nos. 1 and 2 heavy melting steel scrap we 8,918 $122,429 8,265 $92,670 
Nos. 1 and 2 baled steel scrap...................... r 1,903 45,808 1,239 26,150 
Borings, shovelings, and turning 462 9,009 439 8,359 
IPOD Berap 22e ]] Aĩꝙdd um.; . 88 447 12,777 416 10, 868 
Rerolling material....................... eee 162 5,933 127 5,844 
Other steel scrap (terneplated and tinplated 782 55,280 1,206 58,958 
KC EE r 7, 669 251, 236 6,692 202,849 

Imports: 
Iron and steel acrap. z 216 8,181 276 10,784 
Tinplate scan cn os oo cece esas se 14 381 18 541 
T 8 229 8,562 294 11, 325 

r Revised. 


Table 14.— U.S. imports for consumption of iron and steel scrap, by countries 


1967 1968 
Country — — —Š— F  ,— snT 
Short tons Value Short tons Value 
(thousands) (thousands) 

Australian. z ste ͥͥ ³ð AAA. 112 $42 22 $7 

Belgium- Luxembourg „%% „ö¼ 1,961 501 

e ß, e ee ace 215, 276 7,075 279, 404 9,781 

French West Indies . 2. eee eee 222222222 l22.2..2..2--. 2,148 69 

ermany, WesE- ß eMe a E E e rais Ee 2 1,655 60 
Indi. e ² ee 499 287 

KEEN 21 10 1,115 810 

Mekic uus cioe -m y di eeu ĩ 8 882 27 76 74 

Netherlands cuocere Ede meus a 166 Ol... 8 

New Zealand... ..... 22 „„ 16 RE 

ef EE 1 29 822 28 

RUMANIA EE 11,010 285 ioe, (u uu E 

%% ͥ ots eee Ee lamen. ` AE 236 66 

United Kingdom. .............-..............-...-- 1,557 653 5,996 899 

thep.ic e doo ͤ·/ß dp xx dE ML 10 58 24 

r d cee EL EIE, 229, 162 8, 562 294,225 11,825 
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Iron Oxide Pigments 


By John W. Thatcher! 


Sales of pure synthetic iron oxides con- 
tinued to show strong growth as established 
applications for ferrite devices expanded 
and new applications appeared on the 


threshold of widespread use. Domestic sales 
and demand for iron oxide pigments were 
at alltime high levels. 


Table 1.—Salient iron oxide pigments statistics in the United States 


1964 1965 1966 1967 1968 
Mine production................ short tons 59,300 57,000 63,200 89,900 57,600 
Crude pigments sold or used. ...... 0o... 659,700 56,200 63,900 41,800 57, 600 
% f/ ss AS thousands $446 $419 $476 326 $457 
Finished pigments sold short tons.. 119,500 127,500 130,700 127,300 132,400 
!! ³˙¹ A taie ces thousands $22,991 $23 , 549 $24,841 $26 , 720 $30,676 

FCC! ww»r ꝛ˙m.,l, QE short tons 5, 100 4,700 4,80 3,100 3,30 
... naaa thousands.. $1,817 $1,380 $1,307 $1,312 $1,257 
Imports for consumption. ....... short tons.. 16,300 17,800 24,600 23,400 29,900 
Wall“ cn AI thousands „817 52, 165 $3,163 $3,203 $4,117 


DOMESTIC PRODUCTION 


Iron oxide pigment producers benefited 
in 1968 from the general improvement of 
business in domestic basic industries as 
evidenced by a 44-percent increase in mine 
production of crude iron oxide pigment 
material and increases in sales for most 


grades of iron oxide pigments. Crude mate- 
rial was mined by six companies in six 
States and sold by seven companies in six 
States. Finished iron oxide pigments were 
sold by 12 companies with 17 plants in 
nine States. 


CONSUMPTION AND USES 


Sales of finished oxide pigments in the 
United States in 1968 reached a record 
high of 132,400 tons, a 4-percent increase 
over those of the previous year. Overall 
value of sales by U.S. processors jumped 
15 percent to $30.7 million, due in part 
to price increases that went into effect at 
midyear. Sales of natural iron oxide pig- 
ments decreased 2 percent, while sales of 
synthetic iron oxide pigments increased 
9 percent. Pure synthetic iron oxides were 
used as paint pigments but were also ideal 
as starting material in ferrite production. 


Ferrite applications included use in radio 
antennas, electric motors, magnetic switches, 
memory devices, computers, recorders, 
microwave equipment, and certain types 
of transformers. 

Data are not collected by the Bureau of 
Mines on specific uses of iron oxide pig- 
ments, and the figures given in table 2 do 
not necessarily reflect all sales of iron oxide 


pigment material for uses except as pig- 
ments. 


1 Physical scientist, Division of Mineral Studies. 
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Table 2.—Finished oxide pigments sold by processors in the United States, by kinds 


1967 1968 
Pigment 
Short Value ! Short Value ! 
tons (thousands) tons (thousands) 
Natural: 

Brown: 

won oxide (metallic) . . . mmm e ll... 12,881 $2,226 14,245 $2,558 
mbers: 
ie . eue u 8,802 789 3,877 849 
EE 667 135 1,063 281 
Red: 

Tron oldo Su Su ssh y y eee se EE 3 84,752 3 2,060 28,199 1,607 
Sienna, DUNG - ...t ee 1,164 887 896 818 
Pyrite nt h (3) (3) 8,949 262 

Yellow: 
r. ³ð¹ò¹¹ Eau Lue ees 4,654 262 4,759 275 
%%% 22223 tee eee ĩ 600 174 639 194 
Eee, . Rep. 58, 520 6,033 57,627 6,294 

— — f?: m 
Manufactured: 

Black: Magneticalalalkaklkll.l.l eee eee 3,781 1,654 3,560 1,185 
Brown: Iron oxide...............---..-2----- e-news 4,792 2,466 6,177 3,622 


Pure red iron oxides: 


Caleined copperass ee 19, 486 5,635 18,910 5,604 

Other chemical processes z 12,109 3,462 14,838 4,111 

Venetian TOU. ð] ðùU᷑ ðͤ- mt 670 104 594 99 

Yellow: Iron oxide 23,177 6, 664 25, 670 7,455 

Total manufseture.dd l... e 64,015 19,986 69,749 22, 076 
Unspecified ineluding mixtures of natural and manufactured 

red iron oxideendsdsss eee ee 4,803 700 5,007 2,906 

Grand itotals-2.64 54235 ðL SC 127,338 26,720 132, 383 30, 676 


1 Data may not add to totals shown because of independent rounding. 
2 Includes some black magnetite and vandyke brown. 
3 Pyrite cinder included with red iron oxide for 1967. 


4 Includes some yellow iron oxide. 
5 Includes other manufactured red iron oxides. 


PRICES 


Price increases of some types of iron 
oxide pigments were announced in May, 
effective June 3, by a major domestic 
producer. Price advances for raw sienna 
ranged from 0.75 to 1.00 cent per pound; 
for burnt siennas, from 0.5 to 1.25 cents 
per pound; and for some synthetic brown 


oxides, as much as 1.00 cent per pound. 
Prices for other iron oxide pigments were 
essentially unchanged. The price ranges 
shown in table 3 reflect variations which 
may be due to differences in quantity, 
quality, locality, or individual suppliers’ 
views. 


Table 3.—Prices quoted on finished iron oxide pigments, per pound, in bags, 
unless otherwise noted, as of December 31, 1968 


Pigment Low High 

Black: 

EUREN $0.1475 $0.1650 

Synthetic - 1275 . 1300 
Brown: 

Pure, synthetic... 1550 1750 

Metallic . 062 5 0750 

Umber, American, burnt 1 0775 1150 

Umber, American, raw !..... .0925 1100 

Vandyke: American 1075 .1100 

Sienna, American, burnt 1. .1600 .2150 


1 Barrels. 


Pigment Low High 

Red: 

Domestic primers............. $0.0658 $0.0658 

Persian Gulf 11. .0700 .0750 

Pure synthetic .1525 1650 

Spanish, docks, New York 1. 0550 0625 

Sienna, burn» 1100 1200 
Yellow: 

Ocher, domestic 0300 .0425 

Ocher, French type 0675  .0725 

Pure, light lemon 1825  .1525 

Other shades 1250 1375 


Source: Oil, Paint and Drug Reporter, American Paint Journal, and pigment processors. 
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FOREIGN TRADE 


The United States exported iron oxide 
pigments to 49 countries in 1968. Export 
tonnage was up 6 percent in 1968; how- 
ever, value dropped 4 percent. The average 
value of exports was 18.9 cents per pound, 
compared with 21.0 cents in 1967, and 
13.7 cents in 1966. Exports to Canada, 
which.in recent years had accounted for 
over 50 percent of the total, continued to 
decline, while shipments to France, West 
Germany, Japan, Mexico, United King- 
dom, and Venezuela showed increases over 
those for 1967. 

Imports of iron oxide pigments in- 
creased 27 percent in 1968, reaching an 
alltime high and accounting for 13.5 per- 
cent of total sales to domestic consumers. 
Although imports of most types of natural 
pigments increased somewhat, a 32-percent 
increase in imports of synthetic pigments 
was largely responsible for the record 
import total. 

Of the ochers imported to the United 
States, 116 short tons of ground pigment 


came from the Republic of South Africa 
and 10 tons of crude or washed ocher 
came from Spain. Cyprus supplied 517 
tons of crude sienna while Italy supplied 
840 tons of crude and 21 tons of washed 
sienna. Imports of ground sienna, by coun- 
try of origin, were as follows: Italy, 55 
tons; United Kingdom, 22 tons; and 
Cyprus, 9 tons. Cyprus, the Republic of 
South Africa, and the United Kingdom 
supplied 3,821, 328, and 10 tons, respec- 
tively, of crude umbers to U.S. consumers 
in 1968. Additionally, Cyprus and the 
United Kingdom supplied 362 and 150 
tons of ground  umbers, respectively. 
Imports of Vandyke brown were made up 
of 538 tons from West Germany and 51 
tons from Spain. 

Sixty-two percent of the synthetic iron 
oxide pigments imported were supplied by 
West Germany, 33 percent by Canada, 5 
percent by the United Kingdom, with the 
remainder from France, Belgium-Luxem- 
bourg, Japan, and Spain. 


Table 4.—U.S. exports of iron-oxide pigments, by countries 


Destination 


Argentina 


Braz 


Other countries 


/ ZA et E LEE 
Belgium-Luxembourg............................. 


JJJJ%%Cö§ö˙ͤsx ꝛ sin CELL Sus M EE 


Vietnam, South ----------1------1-4114-11------ 


1967 1968 
Short Value Short Value 
tons (thousands) tons (thousands) 
97 $47 63 $39 
mter 328 189 326 169 
zc 10 6 17 6 
EHE 58 85 99 59 
EN 976 854 871 250 
eer 3 16 
T 10 4 15 7 
cn 143 63 200 80 
EE 467 166 541 164 
27 Jö; e y s 
37 10 49 13 
10 4 19 6 
31 12 30 17 
98 86 148 65 
28 17 111 94 
72 85 96 14 
27 6 55 9 
Mee 14 4 1 1 
EL. 90 94 85 31 
NOE 8 1 19 11 
Se 199 19 262 99 
EMT 106 29 122 89 
164 48 46 22 
123 63 180 57 
3,123 1,812 3,321 1,257 
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Table 5.—U.S. imports for consumption of selected iron-oxide pigments 


Pigments 


Natural: 


Ocher, crude and refined 
Siennas, crude and refined. lll 
Umber, crude and refned. -2 -2-2-2-2 
Vandyke browaꝶ nn 
G ³ yd 


1967 1968 

Short Value Short Value 

tons (thousands) tons (thousands) 
NE 236 $16 126 $8 
ER 951 104 1,464 178 
-- 4,275 162 4,671 178 
PES 272 24 589 50 
m 8,670 271 4,442 263 
— 9,404 577 11,292 662 
-. 14,084 2,626 18,596 3,455 
— 23,438 8,208 29,888 4,117 


1 Classified by the Bureau of the Census as “Natural iron-oxide and iron-hydroxide pigments, n.s.p.f."' 


Table 6.—U.S. imports for consumption of iron-oxide and 
iron-hydroxide pigments, n.s.p.f. by countries 


Natural Synthetic 
1967 1968 1967 1968 
Country 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
san san snads) sands) 
Belgium-Luxembourg... ....... ....... 7 1 alus 18 $ 
anada............... 73 J) ͤ dipsans 4,494 $969 6,052 1,275 
France...............- 55 5 () FCC nsi ie 80 12 
Germany, Wet  ...---- 5 5 8,660 1,518 11,453 2,018 
777õÜ;1—w6õ cece, teen, JEU 276 IU Scheid. . ass 
JT 10 ///! p 
e tee Lis Sas () (*) 1 1 17 2 
Netherlands 10 E duse 72 15. usce. Saadan 
SE 3 3,244 225 3, 866 196 24 2 3 1 
nited Kingdom 278 35 288 32 789 126 978 145 
Totaal 3,670 271 4,442 253 14, 034 2,626 18, 596 8,455 
1 Less than 14 unit. 
TECHNOLOGY 


Research and development in the iron 
oxide pigment industry was concerned 
mainly with improving existing pigment 
types and production techniques. Techno- 
logic efforts were directed toward a better 
control of both size and shape of pigment 
particles; toward an improved brightness 
and color reproducibility; toward better 
dispersion and coverage; and toward more 
sophisticated manufacturing methods to 
provide higher purity products. The de- 
velopment of special pigment modificat:ons 
which are “tailor-made” for special vehicles 
and specific applications continued in 1968. 


*U.S. 


The production of synthetic iron oxide 
pigment from scrap iron and sulfuric acid 
was described. Northern Pigment Com- 
pany, Ltd., of Toronto, Canada, reacts 
scrap iron with sulfuric acid and air dur- 
ing an 8-week cooking period, producing 
about 200 tons of high-purity iron oxide 
per batch. The product is used principally 
in making ferrite cores, although some of 
it is sold as dry color to the paint and 
construction industries.“ 


2 American Metal Market. Canadian Company 
Finds Bonanza in Scrap Iron. V. 75, No. 189, 
Oct. 1, 1968, p. 18 
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Kyanite and Related Minerals 


By John W. Sweeney ! 


Sales of domestic kyanite concentrate 
declined 2 percent in 1968, and was 3 
percent below the record production of 
1966. However, due to a price increase in 
1968, value for kyanite sold or used set a 
record high. A kyanite-sillimanite mixture 
was recovered from a Florida heavy min- 
eral operation. Combustion Engineering, 
Inc., acquired the Mullite Corporation of 
America’s facilities at Andersonville, Ga. 
The demand for refractories made pre- 
dominately from synthetic mullite con- 


tinued the downward trend paralleling the 
declining demand for most other types of 
refractories. Output of synthetic mullite 
was 11 percent lower than that of 1967, 
but the value increased 20 percent. 

Kyanite, sillimanite, andalusite, dumor- 
tierite, topaz, and synthetic mullite are in- 
cluded in this chapter because all are 
aluminum silicates with similar properties 
and are used to produce mullite refrac- 
tories. 


DOMESTIC PRODUCTION 


Demand for kyanite was at a slightly 
lower level in 1968. Total output of domes- 
tic kyanite concentrate decreased about 4 
percent, while that sold or used by pro- 
ducers declined about 2 percent. Crude 
ore production decreased 9 percent, but 
the ratio of concentrate to ore increased 
slightly. Production figures are withheld 
to avoid disclosing individual company con- 
fidential data. Kyanite was produced by 
three companies from four mines in 1968; 
Commercialores, Inc., Clover, S.C., and 
Aluminum Silicates, Inc., Lincolnton, Ga., 
both subsidiaries of Combustion Engineer- 
ing, Inc.; and Kyanite Mining Corp., with 
mines near Farmville and Dillwyn, Va. A 
Florida heavy minerals producer recovered 
a kyanite-sillimanite concentrate from tail- 
ings. 

Bayer process alumina and silica sand, 
siliceous bauxite and bauxite mixtures were 
the raw materials used in the production 
of high purity synthetic mullite. Other 
mullite products were made from siliceous 
bauxite and bauxite-clay mixtures. Elec- 
trically fused mullite was produced in elec- 
tric arc furnaces, and sintered mullite was 
made in rotary, periodic, and tunnel kilns. 
The following firms reported production in 


1968: 
The Babcock & Wilcox Co., Refactories 
Division, New York, N.Y. (plant at 
Augusta, Ga.) 
The Carborundum Co., Niagara Falls, 
N.Y. (plant at Niagara Falls, N.Y.) 
General Abrasive Co., Inc., Niagara Falls, 
N.Y. (plant at Niagara Falls, N.Y.) 
Harbison-Walker Refractories Co., Pitts- 
burg, Pa. (plant at Eufaula, Ala.) 
Norton Co., Worcester, Mass. (plant at 
Huntsville, Ala.) 
H. K. Porter Co., Inc., Refractories Divi- 
sion, Pittsburgh, Pa. (plant at Shelton, 
Conn.) 
Remmey Division of A. P. Green Fire 


1Mining engineer, Knoxville Office of Mineral 
Resources, Knoxville, Tenn. 


Table 1.—Synthetic mullite production in 
the United States 


Short Value 

Year tons (thou- 
sands) 
1904. oe ee LES 86,108 $4,450 
LE 8 40 ,049 |, 866 
19 ĩ 8 49, 551 5,961 
1777§öÜ y eae ;2 4,811 

19999 ³ 36,014 5,7 
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Brick Co., Philadelphia, Pa. (plant at 
Philadelphia, Pa.) 

The Chas. Taylor Sons Co., subsidiary of 
National Lead Co., Cincinnati, Ohio 
(plant at South Shore, Ky.) 
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1968 


Combustion Engineering, Inc., acquired 
the Mullite Corporation of America’s facili- 
ties at Andersonville, Ga., and was in the 
process of enlarging the plant to produce 
synthetic mullite from bauxite and kaolin. 
Initial production is planned for mid-1969. 


CONSUMPTION AND USES 


All domestically produced kyanite was 
minus 35-mesh or finer material and was 
used principally in refractory mortars, 
ramming mixes, and plastic refractories. 
Synthetic mullite made predominantly of 
fused bauxite, and fused or dense-sintered 
alumina, was used mostly for producing 
extra-high alumina brick and shapes. Sig- 
nificant quantities were used in other re- 
fractories and special ceramics. 

Most of the kyanite and mullite in the 
United States was used in refractory ap- 
plications, with the iron and steel industry 
being the major consumer. The amount 
of mullite used in glass furnaces was con- 
siderable, but this use was declining. Por- 
tions of iron blast furnace stoves and stacks 
were lined with mullite in preference to 
other refractories because of mullite’s longer 
service life, lower installation cost, and 


resistance to spalling, slagging, and chemi- 
cal reaction. Other important uses of 
kyanite and mullite included kiln linings 
and kiln furniture and linings for frit and 
enameling furnaces. Small quantities of 
kyanite and mullite were used in ceramic 
and glass mixes, foundry mold facings, 
lightweight aluminum silicate wool insula- 
tion, ceramic honeycomb, and other spe- 
cialty items. Some potential uses may be in 
brake linings, grinding balls, and welding 
rod coatings. 

The use of kyanite in ceramic products 
is beneficial in a number of ways. Work- 
ability is often improved, which in turn 
increases production rates and reduces 
losses due to processing defects. The growth 
of interlocking mullite crystals in the prod- 
ucts during the firing process increases their 
strength. 


PRICES 


Domestic kyanite prices were increased 
by $8 a ton effective February 1, 1968. The 
new carload lot prices were as follows: 

Domestic kyanite, short ton, f.o.b. Vir- 

ginia and South Carolina: 


35-mesh, carload lots, bulk.. $55 
35-mesh, carload lots, bags.. $58 
48-mesh, carload lots, bags.. $60 
100-mesh, carload lots, bags.. $61 
200-mesh, carload lots, bags.. $66 
325-mesh, carload lots, bags.. $86 


Published prices for imported kyanite, 


60 percent grade, increased $7 c.i.f. Atlan- 
tic ports, according to the Engineering and 
Mining Journal for December 1968, and 
ranged from $86 to $91 per short ton. 


The f.o.b. prices for Georgia kyanite 
were approximately the same as those 
quoted for Virginia and South Carolina 
material. Prices for the Florida material 
were somewhat lower. An extra charge of 
$12 per ton was made by most domestic 
producers for conversion of kyanite to 
mullite. 


FOREIGN TRADE 


Exports of material classified as kyanite 
and allied minerals, including mullite, de- 
creased 4 percent in quantity and 7 per- 
cent in value from 1967 levels. This de- 
cline is mainly attributed to decreased pur- 
chases by Canada, Japan, and the United 
Kingdom. Previously, however, exports of 
these materials had been increasing at an 
average annual rate of about 35.5 percent 


since 1962. This overall increase in kyanite 
exports has been due in large part to the 
decline in the Republic of South Africa’s 
output of high quality sillimanite. Refrac- 
tory manufacturers in 29 countries 
throughout the world purchased kyanite 
and mullite produced in the United States. 
The major importing countries were Japan, 
Canada, and West Germany. 


KYANITE AND RELATED MINERALS 


Continuing a decline that began in 1951, 
domestic imports of kyanite fell 20 percent 
in 1968, and imports reached the lowest 
point since kyanite import statistics first 
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became available in 1937. Indian kyanite 
accounted for 96 percent of the volume 
and value, and the balance was supplied 
by the Republic of South Africa. 


Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 


1966 1967 1968 
.Short Value Short Value Short Value 
tons tons tons 
EXPORTS 
HEET ² ³ eee. VERSA e 24 $2,286 22 $1,420 
Australian 1,291 396,086 393 28,928 704 46 ,748 
Belgium CLusemboug 3 234 19, 842 582 52, 448 876 61,464 
TT. c co ccn tae ae 4,270 316,619 5,012 887,954 8,861 252 .084 
Colombia. 103 r Seth sasccus 182 11,566 
BOB o. ceo oe E 92 8,675 291 51,037 898 49,074 
Germany, West. 1,072 60,144 1,492 87,958 1,740 04,527 
(gly u e occa Ree aee 587 89,934 1,564 120,887 1,557 116,490 
CT EE 5, 150 327,835 7,148 427,477 5, 576 331,262 
Mexico 1,581 91,386 1,610 110, 706 1,488 88 ,987 
Netherlands 145 5,819 2,280 61 8,990 
South Africa, Republic of 1 707 37 8,181 144 8,404 
Sweden 147 5,789 169 6,935 575 27,082 
Thailand... EE ] ½ a Cle9a lue 34 2,368 582 85,978 
United Kingdom. ........... 2,205 121,608 2,414 111,498 1,687 79,481 
Venezuela... a 865 18 , 702 291 15,816 62 89,675 
Other countries 134 10,589 812 47,3883 458 ,472 
TOtal-c: 8 17,339 1,180,725 21,428 1,408,442 20, 477 1,810, 694 
IMPORTS 
r 22.cc2ctzccl2lms 8,404 $140,145 1,821 $75,158 1,391 $49,414 
South Africa, Republic of 660: 22222552 Suyos Susa 59 1,967 
o koko 8,405 140,805 1,821 15,158 1,450 51,881 


WORLD REVIEW 


Australia. During the first half of 1968, 
sillimanite production was 1,300 short tons; 
in the same period 777 tons of kyanite and 
sillimanite was imported. For 1967, the last 
full year for which data are available, silli- 
manite output was 1,324 tons, a decrease of 
56 percent below 1966 production. Imports 
of kyanite and sillimanite in 1967 totaled 
2,960 tons. 


Canada.—North American Refractories 
Company of Cleveland, Ohio, completed 
construction of mining and processing fa- 
cilities near Tamiskaming, Quebec, that 
have production capacity of 12,000 tons of 
kyanite concentrates per year. Initial pro- 
duction is slated for 1969. 


India.—Kyanite production was 55,527 
tons in 1967 compared with 70,183 tons in 
1966. Exports increased by 5,181 tons over 
that of 1966 to 44,480 tons, establishing a 
new record. Eighty percent of the 1967 
production was exported, 16 percent was 
consumed on the domestic market, and 4 


percent was in pithead and consumer stocks 
at yearend. Exports in 1967 from the 
famous “Lapso Baru” deposit were mainly 
to European countries. Domestic demand 
for the kyanite-type mullite refractories 
was increasing, but kyanite exports still 
remain an important earner of foreign 
exchange. 

Sillimanite output was 6,390 tons in 1967 
compared with 11,338 tons in 1966. Of 
this, exports totaled 2,247 tons, and the 
remainder was used in domestic production 
of refractories. 

Reserves of kyanite deposits in the 
Dahegaon-Pardi area of Maharashtea, de- 
scribed by the Geological Survey of India, 
were estimated at about 10.8 million tons. 
Both kyanite and sillimanite occur in the 
same deposits.“ 


Korea, South. 
kyanite was 73 tons in 1967 compared with 
51 tons in 1966. 


2 Todus rial Minerals (London). World of Min- 
erals. No. 5, February 1968, p. 22. 
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Liberia.—A report published by the 
Liberian Geological Survey described the 
Mount Montro Kyanite Deposit, Grand 
Bassa County. The deposit, a large single 
body in a belt approximately 12,600 feet 
long, 480 feet wide, and from 25 to 350 
feet thick, has a kyanite content ranging 
from 10 to 35 percent. Total reserves were 
estimated at about 10 million tons of 
kyanite rock containing about 2.5 rnillion 
tons of kyanite. 

South Africa, Republic of.—Sillimanite 
production for the first 9 months of 1968 
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was 27,663 tons with output indicated to 
be slightly lower than that of 1967. Anda- 
lusite production for the same period was 
18,826 tons, and if the trend continued for 
the rest of the year, would indicate a con- 
siderable decline below 1967 production. 
For this 9-month period, about 70 percent 
of the total output was exported. In 1967, 
the last full year for which data are avail- 
able, sillimanite output was 39,005 tons, a 
slight increase over 1966 output. Andalusiie 
production rose to 27,098 tons compared 
with 23,684 tons for 1966. 


TECHNOLOGY 


Bureau of Mines research showed the 
applicability of heavy liquid separation 
techniques for recovery of concentrates 
from minus 35-mesh ore samples of kyanite, 
potash, spodumene, fluorspar, and beryl.‘ 
Known resources of high-temperature re- 
fractory raw materials in the Pacific North- 
west were substantially increased by the 
completion of Bureau of Mines field and 
laboratory studies of kyanite group mineral 
deposits. A study of present and potential 
domestic and foreign markets for western 
kyanite will be published in 1969. 

The calcination and sintering behavior 
of three samples of Alabama bauxitic mate- 
rial was studied in the laboratory.“ At 
2,/00°F the densification of the three 
samples—two mainly of mullite and sili- 
ceous glass, and the third mullite and cristo- 
balite—stopped and the pellets reached 
their maximum bulk specific gravity. 

The first American edition of a compre- 
hensive British report on the sillimanite 
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group minerals and synthetic mullite was 
published.“ The work describes the min- 
erals, refractory qualities and specifications, 
information on deposits throughout the 
world (including reserves where available), 
mining and processing methods, world 
trade, prices and uses. In addition to a 
discussion of synthetic mullite production, 
an extensive bibliography broken down into 
major subject headings is included. 


$ Stanin, S. Anthony, and Bismark R. Cooper. 
The Mount Montro Kyanite Deposit, Grand Bassa 
County, Liberia. Republic of Liberia, Bureau of 
Natural Resources and Surveys, Geological Survey. 
Bull. No. 2, 1968, 20 pp. 

t Tippin, R. B., and James S. Browning. Heavy 
Liquid Cyclone Concentration of Minerals (in 
Two Parts). 

2. A study of Liquid Cyclone Concentration of 
Various Mineral Systems. BuMines Rept. of Inv. 
7134, 1968, 58 pp. 

5 Bakker, Walter T. General Refractories Re- 
search Project Reveals Higrade Domestic Bauxite. 
Brick and Clay Record, v. 153, No. 7, August 
1968, pp. 24-26. 

" i Varley, E. R. Sillimanite (Andalusite, Kyanite, 
Sillimanite) . First American Edition, Chemical 
Publishing Co., Inc., New York, 1968, 165 pp. 
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Lead 


By Donald E. Moulds ! 


The world lead industry achieved a 
record level of production and consumption 
in 1968. World mine production indicated 
at 3.31 million tons was closely alined 
with metal production at 3.22 million tons, 
a significant upward surge of 4.4 percent 
from the 1967 level. The free world mine 
production of 2.44 million tons and smelter 
production of 2.38 million tons did not 
satisfy the indicated 5.3-percent increase 
in metal consumption. Producer stocks, 
after a buildup in midyear to some 204,000 
tons at the end of July, ended the year at 
163,000 tons, about 18,000 tons below that 
existing at the end of 1967. The foreign 
lead price reflected the tightening supply 
situation with a gradual rise in the monthly 


average from 9.94 cents per pound (U.S. 
equivalent) for January to 11.28 cents for 
December. 

The domestic industry, after a slow start 
in 1968 due to the continued strike closure 
of some mining and primary smelting 
facilities during the first quarter, quickly 
recovered and mine production reached 
359,200 tons, the largest since 1952; pri- 
mary metal output of 467,300 tons was 
last exceeded in 1958. Delays caused by 
strikes, startup difficulties, and lack of 
trained personnel at the new mines and 
smelters in Missouri, however, prevented 
realization of the expected major increase 
in mine and smelter output in 1968. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient lead statistics 


1964 1965 1966 1967 1968 
United States: 
Production: 
Domestic ores, recoverable lead con- 
tentu a.c filo short tons 286,010 301,147 327,368 316,931 359,156 
Value; thousands $74,936 $93,959 $98,964 $88,741 $94,903 
Primary lead (refined): 
From domestic ores and base 
bullion- ......... short tons 294,254 305,007 918,646 258 , 507 349,039 
rom foreign ores and base bul- 
F short tons 155,175 113 ,242 122 ,089 121,387 118,271 
Antimonial lead (Primary lead con- 
Db) sages cree fee short tons 8,607 6,612 11,182 9,083 19,494 
Secondary lead (Lead content) 
short tons 541,582 575,819 572, 834 553,772 550, 879 
Exports of lead materials excluding serap 
short tons 10, 194 7,811 5,435 6,536 8,281 
Imports, general: 
Lead in ores and matte do 123,257 122, 661 143,991 124, 067 87, 836 
Lead in base button... do.... 4,838 566 2,012 752 150 
Lead in pigs, bars, and old 
short tons 212,898 226,883 293,085 878, 887 344, 601 
Stocks December 31 (lead content): 
At primary smelters and refineries 
short tons 84,398 83 , 443 115,473 125,479 90,427 
At consumer plants do.... 113,444 109, 195 90, 306 105, 786 88,900 
Consumption of metal, primary and sec- 
ondary-...... . . .. .. . -n short tons 1,202,138 1,241,482 1,323,877 1,260,516 1,328,790 
Price: New York, common lead, average, 
cents per pound ae EN Ee NER 13.62 16.00 15.12 14.00 13.21 
World: 
Production: 
FFC short tons.. 2,779,182 2,969,939 3,141,583 3,169,108 3,309,057 
Sell. 8 do.... 2,818,265 2,911,104 3,020,486 3,057,553 3, 220, 977 
Price: London, common lead, average, 
cents per pound....--.------- 20-2- 12.59 14.37 11.87 10.28 10.88 
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Reported domestic consumption, marked 
by a record output of storage batteries and 
gasoline additives, established a new high 
of 1.33 million tons, almost 5½ percent 
above the 1967 total and slightly above the 
previous high of 1.32-million tons set in 
1966. Despite the increase in smelter metal 
and the continued high level of metal 
imports and secondary metal, stocks were 
depleted and all of the Government stock- 
pile lead authorized for disposal was sold 
by early April. The available lead supply 
for the year, (production, imports, second- 
ary stock changes and exports) indicated 
a disappearance of some 92,000 tons of 
lead in addition to the 1.32 million tons 
reported as consumed, well above the indi- 
cated disappearance in recent years. 

The domestic price of lead, stable at the 
14 cents per pound level established on 
October 10, 1966, was decreased to 13 
cents on May 2, 1968, and 12½ cents on 
July 15, reflecting the expected supply 
surplus after settlement of the 9-month 
strike in April, and also a slight buildup 
of stocks during the normal vacation dol- 
drums of July and August. Continued high 
consumption, both domestic and foreign, 
and strike diminished supply, however, 
resulted in a stock drawdown and on 
October 11 a price increase to 13 cents 
per pound was initiated and joined by all 
producers on October 14. 

The situation at the end of the year was 
one of high demand, stocks amounting to 
less than 1 month's consumption, no stock- 
pile lead authorized for sale, and a rising 
European price of 11.3 cents per pound, 
well above the normal 2½ to 3 cents per 
pound comparative domestic differential. 


Legislation and Government Programs.— 
The price of lead throughout 1968 was be- 
low the 14.5 cents per pound floor under 
which payments to eligible domestic pro- 
ducers are authorized by “The Lead and 
Zinc Mining Stabilization Program," Public 
Law 89-239. Payments in 1968 amounted 
to $98,889 on 5,876 tons of lead. Under the 
revised regulations, published June 1, 1966, 
60 producers of the 142 applying were 
certified. Under this program initiated in 
October 1961, total payments on 36,801 
tons of eligible lead have amounted to 
$1,251,618 and on combined lead and zinc 
$2,520,023. Oklahoma and Utah had the 
largest number of active participants in 
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the program, each with 24, although 
Oklahoma has received the largest pay- 
ment, amounting to 43 percent of the total. 

Government participation in exploration, 
primarily for lead, was withdrawn in June 
1962. The program, under the Office of 
Minerals Exploration, Department of the 
Interior, continued active in other base 
metals—antimony, bismuth, copper, gold, 
and silver. These metals are often in asso- 
clation with lead and the national lead 
resource is benefited by the work performed 
with government assistance. 

Sales of Government stockpile surplus 
lead under Public Law 89—9 enacted in 
March 1965, was conducted by General 
Services Administration on an open-sale, 
shelf-item basis until early April. Sales were 
terminated at that time upon completion 
of the 150,000 tons total authorized for 
commercial sale. Sales amounted to 26,460 
tons and deliveries to 28,677 tons for the 
calendar year, thus reducing the Govern- 
ment inventory to 1,164,603 tons of refined 
lead valued at $302.8 million. The Govern- 
ment inventory also contained an addi- 
tional 10,336 tons of antimonial lead valued 
at $3.1 million. 

The International Lead and Zinc Study 
Group held its 12th session in Geneva, 
Switzerland, on November 18-22, preceded 
on November 13-15 by meetings of various 
committees concerned with statistics, form 
and estimates of production and consump- 
tion, and factors influencing trade in lead 
and zinc. Representatives of 27 countries 
attended the session, including the Republic 
of Zambia and the Hungarian Peoples 
Republic which were formally accepted 
into membership. The Study Group noted 
the lower than expected mine and metal 
production, the import of some 55,000 tons 
of lead from free world markets by China, 
and a rise of about 5½ percent in metal 
consumption. The conclusion of the statisti- 
cal committee was a supply shortfall of 
20,000 tons in 1968 and an indicated 
statistical supply surplus in 1969. 

The International Lead-Zinc Research 
Organization, incorporated in 1965 by 26 
charter member companies, has grown to 
31 companies in 11 countries representing 
the majority of the world's lead and zinc 
production. The organization continued to 
sponsor research and development programs 
related to basic data and applications for 
lead and zinc products. 
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Figure 1.—Trends in the lead industry in the United States. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Mine production was curtailed during 
the first quarter of the year by the con- 
tinuation of the strike closure of mines in 
the Western States and inability of other 
mines to market concentrates due to 
smelter closures. Operations were resumed 
in April at most of these mines but normal 
production levels were not achieved until 
June. The first 6-month output thus totaled 
147,500 tons in comparison to 168,900 
tons in the like period of 1967. Production 


for the year amounted to 359,200 tons, a 
gain of 42,200 tons (13 percent) over that 
achieved in 1967. The only significant gain, 
however, was in Missouri with an output 
of 212,600 tons, an increase of 60,000 tons. 
California, Kansas, Montana, Virginia, and 
Washington also increased output but the 
remaining lead producing States showed 
declines in production. The most severe 
tonnage reduction occurred in Idaho and 
Utah as a result of strikes at the Lucky 
Friday and Galena mines in Idaho and 
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United Park City and Tintic mines in 
Utah. The continuing shortage of labor, 
and particularly experienced miners, has 
affected production and development in 
most of the domestic mining areas. 
Missouri mines accounted for almost 60 
percent of the domestic production com- 
pared with 48 percent in 1967, followed 
by Idaho, 14 percent; Utah, 13 percent; 
and Colorado, 6 percent. These four States 
contributed 93 percent of the domestic 
output of recoverable lead in ore and the 
25 leading mines listed in table 5 produced 
93 percent of the recoverable lead. 
Southeast Missouri continued to be the 
world's most active lead producing area. 
St. Joseph Lead Co. continued production 
at the Federal, Indian Creek, Viburnum, 
and Fletcher mines and concentrators and 
produced 259,500 tons of lead concentrates 
in comparison with 220,100 tons in 1967. 
The new Goose Creek shaft was completed 
and in production with ore from this 
development processed at the Indian Creek 
concentrator. The large, mobile equipment 
in use at the Fletcher mine has achieved 
production rates almost six times the maxi- 
mum level attained with 1958 equipment 
and methods.’ This has resulted in position- 
ing the Fletcher as the leading domestic 
lead mine. The Magmont mine, a joint 
venture of Cominco American Inc., and 
Dresser Industries, Inc., was brought into 
production in midyear and will be at its 
full capacity of 50,000 tons of lead in 
concentrates by mid-1969. Reserves at this 
mine are estimated at 15 million tons of ore 
containing 1.3 million tons of lead and 
zinc.“ The startup of the Missouri Lead 
Operating Co., a joint venture of American 
Metal Climax Inc. and Homestake Mining 
Co., was delayed by extensive underground 
water flow but was expected to be opera- 
tional early in 1969. Reserves at this mine 
are stated to be 53.6 million tons of ore 
averaging 6 percent lead and zinc.* Ozark 
Lead Co., a subsidiary of Kennecott Cop- 
per Corp., continued development at the 
Ellington mine but was delayed by the 
strike and lack of experienced personnel.“ 
Development and exploration in the 
Coeur d'Alene area of Idaho continued to 
the extent of labor availability. Participa- 
tion agreements involving American Smelt- 
ing and Refining Company, Day Mines 
Inc., Hecla Mining Co., The Bunker Hill 
Co., and various other property owners 
have permitted extensive programs of ex- 
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ploration and development in depth in 
areas adjacent to the Galena mine, Lucky 
Friday mine, and Sunshine mine. Shaft 
sinking and development at the Lucky 
Friday, Sunshine Unit area and Star- 
Morning Unit area was underway at depths 
ranging down to the 7,300-foot level at 
the Star-Morning. The Galena mine re- 
sumed operations in April and the Lucky 
Friday on June 15 after strike closure for 
8 months. Operations at The Bunker Hill 
Co. mines and those operated by Day 
Mines Inc. were not affected by the strike 
in 1968. 

The Utah mines were also affected by 
the strike and by a shortage of labor which 
reduced production. The Midval Flotation 
Mill, operated by United States Smelting, 
Refining and Mining Co., was idle for 
several short periods during the first 4 
months, due to shortage of ores from 
shippers, and stockpiled lead concentrates 
until resumption of operation at the Tooele, 
Utah smelter.? The Burgin mine of Kenne- 
cott Copper Corp. virtually completed con- 
struction of a concentration plant and mine 
expansion from 500 to 800 tons per day. 
A new shaft to extend the mining area 
was started .in June. 

The Idarado mine of Newmont Mining 
Corp. in Colorado operated all year with 
a slightly lower output of ore and metal 
compared with 1967 and development of 
ore reserves was slightly below ore pro- 
duced. Development by Resurrection Min- 
ing Co. at Leadville, Colo., a joint project 
of Newmont and American Smelting and 
Refining Company, has indicated reserves 
of 2.4 million tons of ore with an average 
of 5.13 percent lead, 9.95 percent zinc, and 
2.65 ounces of silver per ton.” 

The Pend Oreille Mines & Metals Co. 
operated the Pend Oreille mine on a more 
selective mining program and while ton- 
nage was reduced 32 percent, lead pro- 
duced in concentrates was almost three 
times larger than in 1967.“ 


Ka Joseph Lead Co. Annual Report. 1968, 
p. 3. 

3 Cominco Ltd. Annual Report. 1968, p. 9. 

* American Metal Climax Inc. Annual Report. 
1968, p. 13. 

5 Kennecott Copper Corp. Annual Report. 
1968, p. 12. 

6 United States Smelting, Refining and Mining 
Co. Annual Report. 1968, p. 11. 

* Newmont Mining Corp. Annual Report. 
1968, p. 8. | 

8 Pend Oreille Mines & Metals Co. Annual 
Report. 1968, pp. 4-5. 
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SMELTER AND REFINERY PRODUCTION 


Primary plant production of lead metal 
amounted to 495,900 tons, an increase of 
24 percent compared with the 1967 figure. 
The strike at plants operated by American 
Smelting and Refining Company and Inter- 
national Smelting & Refining Co., which 
began in July 1967, extended through 
March, but operations were finally re- 
sumed in April after settlement. In January 
production amounted to 18,100 tons, the 
lowest output since November 1959. A high 
level of output was, however, regained in 
March because of the accumulation of lead 
concentrates at some mines and custom 
mills during the strike. 

The Herculaneum smelter of St. Joseph 
Lead Co., after a short shutdown in Janu- 
ary to effect repair and adjustment after 
the smelter expansion completed in 1967, 
produced a record 170,799 tons of refined 
lead and lead in alloys and again was the 
leading domestic plant. A sulfuric acid 
plant was under construction to utilize 
gases from the smelter.? 

The Buick, Mo., smelter operated by 
Missouri Lead Operating Co., a joint sub- 
sidiary of American Metal Climax, Inc., 
and Homestake Mining Co., began initial 
operations in August on concentrates from 
the Magmont mine at Bixby, Mo., a 
50,000-ton-annual-capacity mine-mill com- 
plex owned by Cominco American and 
Dresser Industries. Production. proceeded 
until November 6 when closed by a strike 
of the United Steelworkers Union. Settle- 
ment was reached on November 20 on a 
3-year labor contract and production re- 
sumed.” 

American Smelting and Refining Com- 
pany’s new Glover, Mo., smelter was com- 
pleted and limited production initiated in 
July. A strike, however, closed the plant 
on September 10 after limited shipments 
were made and operations were not re- 
sumed in 1968." The East Helena, Mont., 
El Paso, Tex., and Selby, Calif., smelters 
were operated after settlement of the strike 
and the lead bullion refined at Omaha, 
Neb., and Selby, Calif. 

The lead smelter and refinery at Lellogg, 
Idaho, operated by The Bunker Hill Co., 
a subsidiary of Gulf Resources and Chemi- 
cal Corp., operated at capacity and pro- 
duced 1.5 percent more metal than in 1967, 
thus, continuing an expansion in output 
initiated in 1965. A new updraft sintering 


9 Eie Joseph Lead Co. 
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facility was installed and waste gases piped 
to the acid plant for sulfur recovery." The 
United States Smelting Lead Refinery, Inc., 
plant at East Chicago, Ind., a subsidiary 
of United States Smelting, Refining and 
Mining Co., operated throughout the year 
although at a low level because the smelter 
at Tooele, Utah, which produces bullion 
for refining was closed by the strike.“ 
Schuylkill Products Co. also operated smelt- 
ing and refining facilities during 1968 using 
a combination of primary and secondary 
feed materials. 

Secondary lead output decreased for the 
third successive year to 550,900 tons, with 
that produced at primary plants down 
1,200 tons and other plants down 1,700 tons 
in comparison with 1967. The major 
change in output was in the class of metal 
produced with a significant shift toward 
hard lead. Soft lead comprised 25 percent 
compared with 27 percent in 1967. Anti- 
monial lead increased to 56 percent com- 
pared with 52 percent and other alloys 
19 percent (21 percent in 1967). Second- 
ary lead contributed 53 percent of domestic 
lead production and. 40 percent of new 
supply in 1968 compared with 59 percent 
and 42 percent in 1967 and 56 percent and 
44 percent in 1966. Plants reporting 
secondary production in 1968 consisted of 
173 smelters, including five primary plants, 
and 21 manufacturers and foundries. 


Raw Material Source.—Domestic ores 
contributed the largest tonnage and per- 
centage of primary smelter feed since 1950. 
The 364,800 tons of domestic lead in ores 
in refined and antimonial lead represented 
75 percent of the primary lead material 
consumed in 1968 in comparison with 68 
percent in 1967 and 72 percent in the 
normal operating year of 1966. Slag con- 
tinued to decrease as a feed material for 
both refined lead and antimonial lead at 
primary plants and in 1968 constituted less 
than 2 percent of the total feed. Raw 
materials and material in process at pri- 
mary plants at the beginning of the year 
amounted to 150,300 tons, lead content, 
of which 103,600 tons was primary mate- 


Annual Report. 1968, 


D. 
10 American Metal Climax, Inc. Annual Report. 
1968, p. 13. 

1 American Smelting and Refining Company 
Annual Report. 1968, p. 12. 

12 Gulf 5 and Chemical Corp. Annual 

Report. 1968, 

13 United States Smelting, Refining and Mining 
Co. Annual Report. 1968, p. 12. 
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rial, 1,400 tons was scrap, and 45,200 tons 
was in intermediate process materials. Total 
stocks increased to 162,000 tons at the end 
of March but upon resumption of opera- 
tions at the strike-closed smelters decreased 
to 125,000 tons at the end of July and 
then gradually increased to 139,100 tons 
at yearend, of which 85,200 tons was pri- 
mary raw material, 2,000 tons was scrap, 
and 52,000 tons was in process. 
Consumption of scrap materials amounted 
to 725,700 tons, gross weight, in compari- 
son to 726,300 tons in 1967. Battery scrap, 
however, represented 64 percent in com- 
parison to 62 percent in 1967 and 60 
percent in 1966. Recycled drosses and 
residues increased to 104,000 tons in com- 
parison with 101,100 tons in 1967 and 
amounted to 14 percent of the secondary 
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materials consumed. Receipts of scrap and 
consumption were balanced for the entire 
year. The monthly trend, however, indi- 
cated the relationship of weather to re- 
ceipts of scrap, particularly battery scrap. 
Stocks increased 7.3 percent in January, 
1.1 percent in February and March, and 
then declined 3.6 percent in April, 10.9 
percent in May, were balanced in June, 
increased 9.2 percent in July (the smelter 
vacation period), and then decreased about 
4 percent monthly until December when 
stocks increased 12.7 percent. The increas- 
ing number of gasoline- and battery- 
powered units on the highways, airways, 
and waterways, and in industrial use indi- 
cates a promising future supply of worn- 
out batteries for reprocessing into second- 
ary lead. 


CONSUMPTION AND USES 


Lead consumption recovered dramati- 
cally in 1968 to a new record of 1.33 mil- 
lion tons, an increase of 5.4 percent in 
comparison to the low level of 1967 and 
almost 5,000 tons above the previous high 
reported for 1966. The combined record 
production of batteries and gasoline anti- 
knock compounds, which are dependent 
on lead, stimulated the increased demand. 
Examination of domestic supply sources 
indicated that metal production, imports, 
stock changes, and Government disposal 
during 1968 totaled some 92,000 tons of 
lead above that accounted for in reported 
distribution. This disappearance was well 
above that indicated in recent years and 
presumably was unreported domestic con- 
sumption or stock buildup. Consumption 
was quite evenly spread throughout the 
year with the historical low again in July 
and the historical high in October. The 
133,100 tons used in October appeared to 
be a record exceeding the 126,600 tons in 
October 1950. The daily average of 3,641 
tons compares with 3,453 tons in 1967 and 
3,627 tons in 1966. 

The lead consumed in metal products, 
other than batteries, was 364,300 tons, 
almost identical to that used in 1967. 
Increases posted for ammunition, brass and 
bronze, calking lead, piping, sheet and 
solder, were balanced by decreases in bear- 
ings, cable covering, casting, collapsible 
tubes, foil, terne, and type metal. Ammuni- 
tion continued the upward trend since 
1963 reflecting increased military require- 


ments. Brass mills resumed operation in 
April after the prolonged copper industry 
strike which reduced requirements in 1967. 
Increased calking lead, piping, and sheet 
consumption indicated the high level of 
construction, as did the use of lead in 
vibration and sound control. Areas of 
diminishing requirements were, in general, 
in accord with the downward trend estab- 
lished in recent years in these historical 
applications. 

The manufacture of lead-acid storage 
batteries required a record 514,000 tons, 
approximately 39 percent of the total and 
47,000 tons above that used in 1967. The 
annual growth of lead used in batteries 
has averaged over 5 percent since 1958. 
The battery industry enjoyed a record- 
breaking year in 1968 according to statistics 
of the Association of American Battery 
Manufacturers, Inc. A total of 46.5 million 
automotive-type batteries were shipped, con- 
sisting of 35 million replacement batteries, 
11 million installed in new vehicles and 
418,300 exported. The replacement battery 
shipments were almost 7 percent above the 
previous high in 1963 and original equip- 
ment was last exceeded in 1965 while ex- 
ports were the largest since 1952. This 
large increase reflected the growing number 
of motor vehicles registered which ap- 
proached 97 million at the end of 1967, 
and included the replacement of original 
equipment in cars produced in the record 
year of 1965, and new vehicles produced 
in 1968, the second highest production in 
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history. The indicated life of a battery in 
1967, based on vehicle registration and 
replacement shipments, was 28.6 months, 
a continuation of the upward trend since 
1963. In addition to the automotive-type 
batteries, the use of larger capacity indus- 
trial batteries steadily increased and re- 
quired 10 to 15 percent of the total lead 
in batteries. 

The use of lead in antiknock com- 
pounds was also at a record 261,900 tons, 
almost 6 percent above the 1967 use and 
reflects the increasing mileage driven by 
gasoline-powered vehicles. The annual 
growth of lead use, interrupted by the jet 
fuel replacement of aviation gasoline, has 
averaged almost 5 percent since 1958 
and essentially parallels the growth in 
battery lead. 

The automotive requirements for lead in 
the near future indicate a continuing up- 
ward trend in consumption which will 
outweigh the stable or declining use of lead 
in some of its historic uses such as piping, 
type metal, bearings, cable covering, and 
paints which are being replaced by com- 
petitive materials and/or technological 
change. The use of lead in vibration and 
noise control is a promising development 
and the intensive research and development 
by industry and the International Lead 
and Zinc Research Organization is indica- 
tive of the effort expended to maintain the 
competitive position of lead in historical 
use areas as well as participate in new 
technological developments for metals. 


LEAD PIGMENTS 


Lead required for production of pigments 
and oxides increased to 345,500 tons, all 
derived from pig lead except 1,500 tons in 
leaded-zinc oxide from ores. Requirements 
for white lead and red lead continued to 
decline and represented only 8.4 percent 
of the total compared with 10 percent in 
1967. Consumption in oxides registered 
major gains—20 percent for litharge and 
7 percent for black oxide—as storage 
battery output using a large percentage of 
the oxides reached record levels. 

The paint industry used a slightly smaller 
tonnage of white lead in 1968 and the 
sharp downward trend in recent years 
appears to have been stabilized. Various 
uses not itemized also decreased moderately. 
Red lead in paints decreased 15 percent 
while miscellaneous uses held steady in 
comparison to the year 1967. 
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The upward trend in use of litharge was 
resumed in 1968 with a 24-percent increase 
in tonnage distributed to the various in- 
dustries. Total annual shipments of litharge 
have grown from 92,000 tons to 131,000 
tons since 1958, a growth rate of 13.5 per- 
cent annually. Black oxide, a mixture of 
litharge and finely divided metallic lead 
forming the active electrodes in storage 
batteries, has had a growth rate exceeding 
6 percent during the like period to achieve 
the 218,000 tons produced in 1968. 


Prices.—The quoted price of lead pig- 
ments after remaining unchanged since 
mid-October 1966, moved with the chang- 
ing price of lead in 1968, except for basic 
carbonate white lead which continued at 
20.5 cents per pound, carload lots, freight 
allowed. The price of red lead, 95 percent 
Pb304, in carload lots, at works, was quoted 
at 16.75 cents per pound until early May 
when it decreased to 15.75 cents following 
the l-cent drop in the price of lead and 
decreased to 15.25 cents in mid-July follow- 
ing the '%-cent drop in lead. In mid- 
October the price followed the increase in 
lead price to 15.75 cents which continued 
through yearend. The price of litharge, 
commercial grade, powdered, in carload 
lots, at works, likewise ranged downward 
from 16.25 cents in January to 14.75 cents 
and back to 15.25 cents in unison with 
the price of lead. 

The value of shipments of white lead, 
red lead, and litharge amounted to $52.8 
million in comparison to $46.8 million in 
1967 and $56 million in 1966. 


Foreign Trade.—Export of lead oxides, 
pigment grade, including compounds of 
lead arsenate and other, continued to de- 
cline in gross weight and value from 2,600 
tons valued at $1.04 million in 1966 to 
1,909 tons in 1967 and 1,877 tons in 1968 
valued at $770,000. Canada continued to 
be the leading importer followed by the 
United Kingdom and France. 

Imports for consumption of lead com- 
pounds and pigments totaled 32,000 tons 
valued at $6,952,000. Lead compounds, 
including lead nitrate, acetate, resinate, 
orange mineral, and other, amounted to 
400 tons valued at $118,600. Lead nitrate 
accounted for 85 percent of the weight. 
Belgium-Luxembourg, Republic of South 
Africa, United Kingdom, Mexico, Nether- 
lands, Japan, and West Germany were the 
suppliers of lead compounds. Leaded zinc 
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oxide imports amounted to 200 tons valued 
at $44,300, principally from West Germany 
followed by Mexico, France, and Canada. 
Litharge was the largest lead pigment 
material received amounting to 24,800 tons 
valued at $5.13 million and Mexico sup- 
plied 97 percent and France 2 percent of 
the total. Red lead imports amounted to 
4,400 tons valued at $977,000 with Mexico 
providing 57 percent, France 25 percent, 
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West Germany 13 percent, and Belgium- 


Luxembourg, Netherlands, Poland, and 
Ceylon the remaining 5 percent. White 
lead imports totaled 2,160 tons valued at 
$672,400 with the Netherlands, West Ger- 
many, and Canada the leading suppliers 
with 90 percent of the total. Approximately 
6 tons of miscellaneous lead pigments 
valued at $8,200 completed the imports of 
semiprocessed lead materials. 


STOCKS 


Lead inventories in the hands of pro- 
ducers and consumers were uncomfortably 
low throughout the year and represented, 
at the most, a month’s consumption. 
Primary producer stocks of refined lead 
and antimonial lead combined, totaled 
23,400 tons at the beginning of the year 
and were reduced to 13,200 tons by the 
end of the first quarter. A buildup im the 
second and third quarter brought the com- 
bined total to 29,600 tons at the end of 
August and thereafter a sustained draw- 
down resulted in the total of 15,300 tons 
at the end of 1968. Total stocks of lead 
material physically at primary plants was 
reported to be 90,400 tons at yearend in 


comparison to 125,500 tons at the end of 
1967. The American Bureau of Metal 
Statistics reported additional material in 
transit and a total of 161,900 tons. 

Consumer stocks, including secondary 
smelter stocks, were also drawn down in 
the first quarter and then rebuilt to 116,000 
tons at the end of July. The heavy draw- 
down in the third and fourth quarter 
brought the closing stocks to 88,900 tons. 
Government inventory of lead in stockpile 
was reduced 28,700 tons during the year 
with a resulting 1,164,600 tons remaining 
in refined lead and 10,300 tons of anti- 
monial lead. 


PRICES 


The last change in the price of lead prior 
to 1968 occurred on October 10, 1966, 
when a decrease from 15 to 14 cents per 
pound at New York, became effective. The 
price remained stable at 14 cents through- 
out the strike at Western smelters and a 
favorable differential of 3.5 to 4 cents 
per pound of the domestic price in com- 
parison to the London Metal Exchange 
brought increased metal imports into the 
domestic market. 

Upon resumption of operations after the 
strike on a high output level, anticipation 
of a continued high import and additional 
output from the new Missouri smelters, the 
price was reduced on May 2 to 13 cents 
per pound and again on July 15 to 12% 


FOREIGN 


The export market for lead improved in 
1968, both in tonnage of refined and in 
scrap materials, although value was slightly 
lower in both classes of material. The most 
significant changes were the large increase 


cents per pound. The heavy demand in 
the third quarter and startup problems in 
Missouri, however, resulted in a price rise 
on October 11 to 13 cents which became 
firm on October 14 and continued through 
the remainder of the year. 

The Canadian price closely followed the 
domestic price declining from 14 cents to 
13 cents during the May-September period 
and increasing to 13/5 cents in October. 
The London Metal Exchange average 
monthly price, however, moved steadily 
upward from a 9.95-cent-per-pound aver- 
age in January, U.S. equivalent, to a 11.41- 
cent average in September and after a 
decline in October increased to an average 
of 11.35 cents for December. 
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in shipment of refined lead to the South 
American and European areas and also the 
European demand for lead scrap. 

General imports of lead in ores during 
the first half of the year were at a very 
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low level due to the curtailed operations 
of domestic smelters and a stockpile of 
domestic concentrates. The total ore and 
bullion for domestic processing, 88,000 tons 
for the year, was the lowest amount landed 
since 1951. Metal imports, amounting to 
338,100 tons, was below that received in 
1967 and reflected demand for foreign 
lead resulting from the strike-curtailed 
domestic refinery output in the first quarter 
of 1968. 

Ores entered for consumption, duty paid, 
from Australia, Canada, and Honduras 
were considerably less than the total gen- 
eral import while Peru entries were ap- 
proximately double the amount delivered 
as general imports. The lead in ores im- 
ported for consumption 
amounted to 96,900 tons, a decrease of 33 


in 1968 thus 
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percent compared with 1967 figures. 
Canada, Peru, and Australia were the 
leading suppliers with a combined 75 
percent of the total. 

Metal imports for consumption totaled 
337,600 tons, a decrease of 7 percent com- 
pared with 1967 figures but well above the 
1966 imports. Peru was the leading sup- 
plier of metal with 22 percent, followed by 
Canada, 18 percent; Mexico, 17 percent; 
and Australia, 14 percent. The European 
area continued supplying larger than usual 
exports to the United States. Belgium- 
Luxembourg, West Germany, United King- 
dom, and Yugoslavia together contributed 
24 percent of the total. 

Reclaimed scrap imports declined as did 
imports of semiprocessed lead in sheets, 
pipe, and shot. 


WORLD REVIEW 


Statistical summaries of world production 
and consumption of lead compiled by the 
Bureau of Mines, American Bureau of 
Metal Statistics (ABMS), and the Inter- 
national Lead and Zinc Study Group vary 
in reporting base, reporting sources, and 
scope of estimating. The Bureau of Mines 
reports indicate the basis, insofar as possi- 
ble, used for each country whereas the 
Study Group reports on an ore content 
basis. Therefore, free world mine produc- 
tion in 1968 ranged from the ABMS total 
of 2.39 million tons through the Bureau 
of Mines total of 2.44 million tons to the 
Lead and Zinc Study Group total of 2.48 
million tons. In addition, the Bureau of 
Mines estimated production in the com- 
munist areas, other than Yugoslavia, to be 
870,100 tons and the world total is thus 
3.31 million tons in comparison to 3.17 
million tons in 1967, an increase of 4.2 
percent. Smelter output also varies widely 
with the Bureau of Mines reporting, insofar 
as possible, primary metal while the Lead 
and Zinc Study Group reports metal out- 
put from both primary and secondary 
sources. Free world smelter output in 1968 
thus ranged from the 2.38 million tons 
reported by the Bureau of Mines through 
the ABMS total of 2.59 million tons, to the 
Lead and Zinc Study Group total of 3.18 
million tons. An additional 858,000 tons of 
smelter output was estimated by the Bureau 
of Mines for the communist countries, 
other than Yugoslavia, to provide a 3.2- 
million-ton world primary smelter produc- 


tion.“ The Lead and Zinc Study Group 
reports free world lead consumption on 
the same basis as smelter metal production 
and the statistics are thus comparative as 
to metal balance. 

Major gains in mine production occurred 
in Canada, Mexico, and the United States 
to post an increase of 102,100 tons (13 
percent), for the North American Con- 
tinent. South American output was in- 
creased 9,300 tons, mainly in Bolivia and 
Peru. The European output remained essen- 
tially static with increases in France, 
Ireland, Spain, and Yugoslavia balanced 
by decreases in West Germany, Italy, and 
Sweden. Increased output was also indi- 
cated in Poland. A significant increase in 
output in Africa resulted from resumption 
of operations at some of the mines in 
Morocco and also improved results in 
Zambia. South Korea and Burma provided 
an increase in Asia of about 9,400 tons for 
the free world and North Korean and 
Chinese production was believed to have 
increased about 15,000 tons. 

Smelter production in North America 
increased 159,000 tons, a 15-percent rise 
from the 1967 level. All countries posted 
an increase with the largest in the United 
States. South America was essentially the 
same as the prior year with the Peruvian 
increase balanced by a decline in Brazil. 


14 American Bureau of Metal Statistics. Year- 
RE E e 

nternationa and Zinc Study Grou 
Monthly Bulletin. June 1969, p. 10. d m 
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European primary production was indi- 
cated to be slightly lower than in 1967 
with significant declines in West Germany, 
Belgium, and Italy more than offsetting 
the increased output in Spain and the 
United Kingdom. Communist output, in- 
cluding Yugoslavia, was also indicated to 
be slightly reduced. An increase in Zambia 
and Morocco was also more than countered 
by the decline in smelter output in the 
Territory of South-West Africa. Japan 
posted an increase of almost 10 percent in 
1968 and has shown an annual growth of 
14 percent since 1964. Australian produc- 
tion of refined lead decreased 17,600 tons 
due to shortage of concentrates from the 
labor-curtailed Broken Hill mines while 
bullion production from Mount Isa in- 
creased to a new high. 

Consumption of metal in the free world 
in 1968 as reported by the Lead and Zinc 
Study Group preliminary totals was 3.23 
million tons of which the United States 
accounted for 37 percent. Six countries— 
France, West Germany, Italy, United King- 
dom, Japan, and the United States—used 
over 100,000 tons and together accounted 
for 69 percent of the total. Compared with 
the 3.18 million ton free world metal pro- 
duction reported by the Lead and Zinc 
Study Group, the supply deficit amounted 
to 50,000 tons in 1968 and was met by a 
14,900-ton reduction in producers stocks, 
U.S. stockpile sales, and consumer stocks 
reduction. 


Argentina.—Compania Minera Aguilar, 
S.A., a subsidiary of St. Joseph Lead Co., 
milled approximately the same tonnage 
as in 1967 despite the operational prob- 
lems of a mill expansion program, and 
produced for sale on the Argentine market 
31,100 tons of lead concentrates. 


Australia.—Production at Broken Hill 
mines was again affected by labor disturb- 
ances which resulted in a significantly 
lower production of lead concentrates and 
a decrease in refined lead production at 
the Port Pirie smelter. 

Mount Isa Mines Ltd., 53 percent owned 
by American Smelting and Refining Com- 
pany, increased lead production from 
71,800 tons to 99,200 tons in the year 
ending June 30, 1968. The completion of 
crushing facilities and related ore passes 
for the new K-57 shaft during the year 
permitted use of the U—52 shaft exclusively 
for lead-zinc ore production. Installation 
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of new equipment in the lead smelter was 
also completed.” 


Canada.— Canadian production increased 
over 6 percent as Pine Point Mines Ltd. 
in British Columbia and Ecstall Mining, 
Ltd., in Ontario, a wholly owned sub- 
sidiary of Texas Gulf Sulphur Co., con- 
tinued to expand output and Nigadoo River 
Mines Ltd., New Brunswick; Share Mines 
& Oils, Ltd., Saskatchewan; and Western 
Mines Ltd., British Columbia, completed 
this first full year's production. 

Cominco Ltd., including its subsidiary 
Pine Point Mines Ltd., remained the domi- 
nant lead producer with an output of 
199,300 tons in ore and production of 
190,300 tons of refined lead at the Trail, 
British Columbia, smelter. The Sullivan 
and Bluebell mines contributed 41 percent 
of concentrates, 50 percent came from the 
Pine Point mine, 3 percent from other 
mines, and 6 percent from purchased slags 
and residues. 

High-grade ore shipments from Pine 
Point accounted for 47 percent of the sales 
revenue in 1968 and were terminated in 
mid-December with exhaustion of presently 
available high-grade ore reserves. At year- 
end the orebody acquired from Pyramid 
Mining Co., Ltd., was ready for produc- 
tion and the addition to the Pine Point 
concentrator to treat this ore was com- 
pleted and under full scale testing. Reserves 
at the Sullivan, Bluebell, and H. B. mines 
were estimated at 69 million tons contain- 
ing 7.6 million tons of lead-zinc and re- 
serves at the Pine Point mine estimated at 
39.3 million tons containing 3.7 million 
tons of lead-zinc.'? 

Anvil Mining Corp., Ltd., continued 
stripping of overburden from the open pit 
lead-zinc mine in the Yukon with 50 per- 
cent of the preproduction stripping and 
construction of a 5,500-ton-per-day con- 
centrator completed. Initial production is 
scheduled for late 1969 at an annual rate 
of 130,000 tons of 69-percent-lead concen- 
trates. Reserves are estimated at 63 million 
tons averaging 9 percent lead-zinc. 

The Kidd Creek mine of Ecstall Mining, 
Ltd. near Timmins, Ontario, increased ore 
production to 3.6 million tons and lead 
concentrate production to 96,000 tons. 


15 American Smelting and Refining Company. 
Annual Report. 1968, pp. 6-7. 
31 BED Ltd. Annual Report. 1968, pp. 
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Brunswick Mining and Smelting Corp., 
Ltd. milled 1.7 million tons from the No. 
12 mine averaging 8.56 percent zinc and 
3.38 percent lead with a production of 
119,500 tons of lead concentrates. The No. 
6 mine output was almost 1 million tons 
averaging 5.66 percent zinc and 2.47 per- 
cent lead, from which 46,330 tons of lead- 
zinc concentrate and 38,830 tons of lead 
concentrate were recovered. Reserves of 
ore at the two mines are estimated at 78.6 
million tons. The East Coast Smelting and 
Chemical Co., Ltd., a subsidiary of Bruns- 
wick Mining and Smelting Corp., com- 
pleted the first full year's operation of an 
Imperial Smelting Process plant at Belle- 
dune, New Brunswick. 

Heath Steele Mines Ltd., 75 percent 
owned by American Metal Climax, Inc., 
increased ore production from its lead-zinc 
mine as a result of active mine development 
and shaft sinking program. The Buchans 
Unit of American Smelting and Refining 
Company in Newfoundland operated at 
capacity throughout the year and produced 
38,400 tons of lead concentrates. 


Germany, West.—Rammelsberg mine, 
Europe's oldest continuously operated lead, 
copper, and silver producer, celebrated its 
thousandth anniversary in 1968. Mining 
operations began in 968 under Emperor 
Otto I and have continued since under 
many ownerships. This mine along with 
neighboring mines on the northern edge of 
the Hartz Mountains belong to Sparte 
Metall, a subsidiary of Preussag A.G. of 
Hanover. 


Iran.—Rio Tinto-Zinc Corp. Ltd. placed 
a 600-ton-per-day mill in operation late 
in 1968 at the Kouchke mine east of 
Yazd in central Iran. The project is 
owned by Rio Tinto, Socíeté Miniére et 
Métallurgigue de Penarroya and the Ira- 
nian company Simiran. Annual production 
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of 50,000 tons of mixed lead-zinc concen- 
trate will be shipped to European smelters. 
Four Belgian companies operating as 
Sogemiran S.p.A. produced lead and barite 
concentrates at a new 500-ton-per-day 
flotation mill near Dalijan. The lead con- 
centrates were being exported for Euro- 
pean smelting and the barite used locally 


in oil-well drilling. 


Ireland.—The Irish Base Metals, Ltd. 
operations at Tynagh, Galway, the major 
lead-zinc development in 1966, was joined 
in early 1968 by a second large develop- 
ment, Consolidated Mogul Mines, Ltd., 
with a designed capacity of 3,000 tons per 
day. The reserves at this mine were esti- 
mated at 11.4 million tons averaging 8.16 
percent zinc and 2.8 percent lead. 


Japan.—A new Imperial Smelting Proc- 
ess furnace installation was nearing com- 
pletion on Honshu Island. The smelter is 
owned by six Japanese metal companies. 


Mexico.—Asarco Mexicana, S.A., 49 per- 
cent owned by American Smelting and 
Refining Company, produced slightly less 
lead than in 1967 although tonnage of ore 
mined increased. Continued progress was 
made in the mine and plant expansion pro- 
gram with completion of a 400-ton-per- 
day mill at the Plomosas mine and the new 
600-ton-per-day mill at the San Marton 
mine along with expansion of the Santa 
Barbara mill to 2,000 tons per day ex- 
pected to be completed in 1969. Ore re- 
serves at the various operating mines were 
maintained during the year. 


Poland.—A new lead-zinc mine in the 
Olkusz area near Krakon began operation 
in December at one of the world’s richest 
deposits of lead and zinc according to 
Polish sources. Polish output of refined 
lead totaled 44,800 tons in 1967 and was 
scheduled to increase to 53,900 tons in 
1968 and 57,400 tons in 1969. 


TECHNOLOGY 


Technological development continued to 
be a major activity in the lead industry and 
associated research organizations. Adapta- 
tion of large-capacity equipment and min- 
ing methods to underground mining in the 
Missouri mines have significantly increased 
manpower productivity. Automation of con- 
centrating plants and smelters has also in- 


creased productivity, product uniformity, 
and byproduct recovery. Utilization of 
updraft sintering machines at lead smelters 
has resulted in increased sulfuric acid 
production and reduction in air pollution 
from stack gases. 

Consumer service is perhaps the most 
vital area of development in the lead in- 
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dustry in view of the substitution potential 
of plastics and other materials. Automated 
soldering techniques have expanded greatly 
to step up production in assembly wiring. 
The lubricating quality of lead as a lead 
phosphate coating on steel has permitted 
significant increases in stamping press out- 
put. Development of a sintered ferrous 
skeleton impregnated with 15 to 30 percent 
lead for electric railroad power shoe has 
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many potential applications in moving 
machine parts. Research and development 
of adhesives and lamination techniques for 
lead-plastic composites promise to combine 
the respective benefits of each material. 
Organolead chemicals have received major 
attention in the area of lubricants, catalysts, 
wood preservatives, and rot-resistant tex- 
tiles. 


Table 2.—Mine production of recoverable lead in the United States, by States 


(Short tons) 
State 1964 1965 1966 1967 1968 

7˖FPP . ↄ⁰˙ Ä PP... eck (1) 1141411 1) 
7////õͤͤ ³Ü¹W—iÄAA]˙Ü¹¹ſ ͤ K 6,147 5,913 5,211 4,771 1,704 
SifeerrArArſrr ne Se 1,546 1,810 1,976 1,785 4,001 
lege ee SSS ee ee 20,563 22,495 23,082 21,923 19,778 
eee ß 71,312 66, 606 72,934 61,387 54,790 
ier ⁵ 88 2,180 8,005 2,285 2,984 1,467 
K anaes ——————— ³ð 8 1,185 1,644 1,109 1,081 1,227 

Kentucky- /c 858 756 484 845 (1) 
LC WEE 120,148 133,521 132,255 152,649 212,611 
Montana 6,9 ,40 898 1,870 

N oot Soe ee eee edocs 809 2,211 8,581 1,500 8 

New Mexico 1,626 3,887 1, 596 1, 827 1,368 
New Fork. .. . .... . ...........- 782 601 1,097 1,658 1,396 
Oklahoma 2,781 2,813 2,999 2,721 2,887 

Oe 8 (1) JJ ͤ ie ned (1) 
Tenneggee- EE III.. - EA 
lzller i EERTE E 8 40,249 37,700 64,124 53,813 45,205 
õ·˙ͤ¹⁵²Què. . aa 3,857 3,651 8,078 3,430 8,573 
Washington 5,731 6,328 5,859 2,762 5,655 
r ²·⸗³ A A cee mes 1, 742 1, 645 1,694 1,596 1,126 
Other d ( ....... eee ees 14. 12. 20€. Bele et 140 
Total. cides dese ecw 8 286 ,010 301,147 327,368 316,931 359,156 


1 Combined with “Other States to avoid disclosing individual company confidential data. 
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Table 4.—Mine production of recoverable lead in the United States, by months 


(Short tons) 


Month 1967 1968 Month 1967 1968 
January.................-- 25,622 24,493 August -------------- 24,730 33,163 
February . 25, 428 24,282 Septemberrtk. 22, 839 31,119 
Maren eror. 30, 065 24,083 October 25, 866 86,567 
Ill!!! SS 29, 368 27,440 November 24, 225 83,188 
MEY xis oo eae ees 32,051 31,052 December 24,822 83,943 
JVC 28,032 28, 965 — ͤ A—ſH 
/ Ee 24, 383 30, 861 Sr sees 316,931 359, 156 


Table 5.— Twenty- five leading lead- producing mines 
in the United States in 1968, in order of output 


Rank Mine County and State Operator Source of lead 
1 Fletcher......... Reynolds, Mo...... St. Joseph Lead Co Lead ore. 
2 Viburnum Crawford, Iron, and do Do. 
Washington, Mo. 
3 Federal St. Francois, Mo... 02... l EE Do. 
4 Bunker Hill Shoshone, Idaho The Bunker Hill Coo Lead-zinc ore, silver 
tailings, zinc ore. 
5 U.S. and Lark... Salt Lake, Utah.... United States Smelting Refining Lead-zinc ore. 
and Mining Co. 
6 Magmont....... Iron, Moo Cominco American, Inc......... Lead ore. l 
7 Idarado......... Ouray and San Idarado Mining Coo Copper-lead-zinc ore. 
Miguel, Colo. 
8 Indian Creek.... Washington, Mo... St. Joseph Lead Co Lead ore. 
9 Burg in Utah, Utah........ Kennecott Copper Corp Lead-zine ore. 
10 Lucky Friday. Shoshone, Idaho.... Hecla Mining Co Lead ore. 
11 Ozzark........... Reynolds, Mo- Ozark Lead Coo ---------- Do. 
12 Star-Morning.... Shoshone, ldaho.... Hecla Mining Coo Lead-zinc ore. 
13 Pend Oreille Pend Oreille, Wash. Pend Oreille Mines & Metals Co- o. : 
14 Mayflower....... Wasatch, Utah..... Hecla Mining Co..............- Copper-lead-zinc ore. 
15 United Park City. Summit, Utah..... United Park City Mines Co Lead-zinc ore. 
16 Page...........- Shoshone, Idaho.... Amin Smelting and Refining Do. 
ompany. 
17 D and Wythe, Va The New deiere Zinc Coo Do. 
vanhoe 
18 Ophi Tooele, Utah....... United States Smelting Refining Do. 
and Mining Co. 
19 Darwin......... Inyo, Calif. ....... West Hill Exploration COo Do. 
20 Dayrock........ Shoshone, Idaho.... Day Mines, Ine Lead ore. 
21 Iron King Yavapai, Ariz-. ` McFarland and Hullinger....... Lead-zinc ore. 
22 Eagle Eagle, Colo The New Jersey Zinc Coo Zinc, silver ores. 
28 Brenneman San J Men, Colo..... Standard Metals Cor Lead-zinc ore. 
24 Sunnyside....... ....do............ "GEES Do. 
25  Emperius........ Mineral, Colo...... Emperius Mining Co Do. 


Table 6.—Refined lead produced at primary refineries 
in the United States, by source material 


(Short tons) 


1964 1965 1966 1967 1968 
Refined lead: 
From primary sources: 
Domestic ores and base bullion........... 204,254 305,007 318,646 258,507 349,039 
Foreign ores and base bullion............ 155,175 118,242 122,089 121,387 118,271 
Total ³¹¹1ͥʃ..w-wwrrrrrr aa 449,429 418,249 440,735 379,894 467,310 
From secondary sources 8,505 13,140 9,004 2,538 2,259 
Grand total... ß tose 457,934 431,389 449,739 382,432 469,569 
Calculated value of primary refined lead (thou- 
h EE e aS $122,424 $133,840 $133,278 $106,370 $123,468 


1 Value based on average quoted price, New York, and excludes value of refined lead produced from scrap 
at primary refineries. 
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Table 7.—Antimonial lead produced at primary lead refineries in the United States 


Produc- Antimony content Lead content by difference (short tons) 


tion 
Year (short Short Per- From From From 
tons) tons cent domestic foreign scrap Total 
ore ore 

E WEE 24,023 1,995 8.3 4,522 4,085 13,421 22,028 
br 21,895 1,984 1.1 2,809 3,808 19,299 25,911 
992⁴ A eels 24,059 2,119 8.8 6,025 5,157 10, 758 21,940 
1 ĩ u am ⁰ ee 18, 608 1,717 9.2 5,449 3, 634 7,808 16,891 
1968... see tags 28,963 2,007 7.1 15,788 3,706 6,862 26,856 


Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1968 


(Short tons, gross weight) 


Consumption 
Class of consumers and type of scrap Stocks Receipts y —— — —— ————————— Stocks 
Jan.17 New Old Total Dec. 31 
scrap scrap 
Smelters and refiners: 
Sie oe eb . Sees 2,600 651,691 ....... 52,611 52,611 1,680 
Hard lead loo a 88 1,446 14,648 ......- 14,732 14,732 1,362 
Cable lead: ³·¹A y a Scouse 943 31,774 31,926 31, 926 791 
Battery-lead plates „ 28,735 461,644 464,046 464, 046 26,338 
Mixed common babbitt 335 4,071 __. .. 4,080 4,080 826 
Solder and tinny lead... .. ----------- 219. 11,352 ....... 11,405 11,405 226 
nee oie d cor camo 3,603 384,865 ....... 35,049 35,049 3,419 
Drosses and residues 19,767 107,577 103,968 ....... 103,968 23,376 
Total dance A te 57,708 717,622 103,968 613,849 717,817 57,518 
Foundries and other manufacturers: 
Soft leaden Se i SO eee, 16 F 135 135 2 
Hard lea 24 19 C 99 99 44 
Cable lea 18 50 otass 20 20 48 
Battery-lead plates 47 %»ͤ»;»—— 0 73 
Mixed common bab bitt 82 7,581 L32-22 7,583 7,588 80 
solder and tinny less.... meteo tee Umm eiu ---.-.... anana 
CC Seen oo enl ine. eite. uu einn. aM ³ðVjç!,! ͤ Saam, ` OAc 
Drosses and residues / sun quus cud Stee 84 
Totál soodes A ANA 271 7,8977 7,837 7,837 331 
All consumers: 
, ß ee d ire 2,616 61,812 ....... 52,746 52,746 1,682 
Hard lead -2202an 1,470 14,767 .......- 14,831 14,831 1,406 
Cable es... ot ew 8 961  À 31,824 ....... 81,946 31,946 839 
Battery-lead plates 28,782 461,670 ....... 464,046 464,046 26,406 
Mixed common babbitt.. ...............- 417 652  ......- 11,663 11,663 406 
Solder and tinny leaade 279 11,852 ....... 11,405 11,405 226 
Type metals 8,608 34,8656 35,049 35,049 3,419 
Drosses and residues 19,851 107,577 108,968 ....... 103,968 238,460 
Grand totdůall....˙ 57,979 725,519 108,968 621,686 725,654 57, 844 


* Revised. 
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Table 9.—Secondary metal recovered’ from lead and tin scrap 


in the United States in 1968, by type of products 


(Short tons, gross weight) 


Lead Tin Antimony Other Total 
Refined pig Lead... i, EE, Buses 118,015 
Remelt lead. ................-.-....-. Lll... C0!!! ᷣ K E ET „851 
POCA A WER 88 8 6%f%ꝗꝗ ͤ aaae ----- 138, 866 
Refined pig tinnnnnnnnn ee .......... eee r uec 8,153 
Remelt EE ER Quoc 8 182 
Total p ß eee 3.9335 he, ` Mises 8,335 
Lead and tin alloys: 
Antimonial leade .. . 22... 308,563 448 17,36 329 326,705 
Common babb it 12, 196 709 1,45 60 14, 417 
Genuine bab bitt 35 229 2 10 299 
SS §;êaſ%dimàQ᷑ x 88 29,637 4,721 503 90 84,951 
ZA WC (Re ] unarna a Ee ana 27,334 1,797 4,169 18 88,812 
Cable Lead... 17,884 ........- 174 18,063 
Miscellaneous alloy ,222 849 17 109 1,697 
Total: Wee so ⁵ ¾ é ³ĩðVüu 396, 871 8, 253 28,699 621 429 , 444 
Tin content of chemical produets.  ......- GBT esos, des. 587 
Grand total—ꝛ̃- 535,737 12,175 23,699 621 572,232 
1 Most of the figures herein represent actual reported recovery of metal from scrap. 
Table 10.—Secondary lead recovered in the United States 
(Short tons) 
1964 1965 1966 1967 1968 
As metal: 
At primary planta .--.------------ 8,505 13,140 9,004 2,538 2,259 
At other planta ----------- 140, 702 168,774 147, 215 147, 806 136, 607 
Ku WEE 149,207 181,914 156,219 150,344 138,866 
In antimonial lead: 
At primary plants 13,421 19,299 10,758 7,808 6,862 
At other plants ----------- 257,101 251,354 272, 977 280,911 301, 701 
Total E: 270, 522 270,658 288 , 735 288,719 308, 568 
In other alloy 121, 853 123,252 132, 880 114, 709 103,450 
Grand total: 
Quantity ................-. 541,582 575,819 572 , 834 553,772 550, 879 
Value (thousand); ""— $147,527 $184,262 $173, 225 3155, 056 3145, 542 


1 Value based on average quoted price, New York. 
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Table 11.—Lead recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


647 


(Short tons) 
Kind of scrap 1967 1968 Form of recovery 1967 1968 
New scrap: As soft lead: 

Lead-base...............- 71,829 78,845 At primary plants 2,538 2,259 
Copper- base 4, 500 5,219 At other plants 147,806 186,607 

Tin-base................- 578 548 
Total u ⁵ĩ e 2i £c 150,844 138,866 

Pet! 76,907 79,612 
In antimonial lead I. 288,719 808,568 
Old scrap: In other lead alloys............- 96,884 87,278 
Battery-lead plates 803,258 310,215 In OD alloys.........- 17,795 16,142 
All other lead-base......... 155,892 142,968 In tin-base alloys.............- 30 35 

Copper- base 17,711 18,085 
Tin-b ase 4 Total...i2mosl2022z:x5 403,428 412,018 
RV AA 476,865 471,267 Grand total 558,772 650,879 

Grand total... 558,772 550,879 


1 Includes 7,808 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1967 


and 6,862 tons in 1968. 


Table 12.—Lead consumption in the United States, by products 
(Short tons) 


Product 1967 1968 Product 1967 1968 
Metal products: 
Ammunit ion 78,766 82,193 Pigments Continued 
Bearing metals 19,561 18,441 Pigment colors 13,041 14,169 
Brass and bronze 20,467 21,021 Other 5,478 8,284 
Cable covering 63,037 53,456 
Calking lead............ 48,789 49,718 o 108, 190 109, 784 
Casting metals 10,083 8,693 f 
Collapsible tubes 11,299 9,310 Chemicals: 
FSS! ³o¹ꝛ oean 6,148 6,114 Gasoline antiknock 
Pipes, traps, and bends... 20,184 21, 098 additives 247, 170 261, 897 
Sheet lea „768 28,271 Miscellaneous chemicals 609 629 
ëlo 889 74,074 
Storage batteries: rr eris 247,779 262, 526 
Battery grids, posts, = 
ele e. E EA 229,287 250,129 Miscellaneous uses: 
Battery oxides. ..... 297,978 263,574 Annealing.............-. 4,202 4,194 
Terne metall 1,620 1,427 Galvanizing............- 1,854 1,755 
Type metall 28,554 27,981 Lead plating............ 532 389 
Weights and ballast...... 15,794 16,768 
Total................ 870,769 915,500 
—À puoi —— —— 22,982 23, 106 
Pigments: Other, unclassified uses 16 ,896 17,924 
White leade 8,087 5,857 = 
Read lead and litharge... 76,589 86,480 Grand total ?......... 1,260,516 1,828,790 
1 Includes lead content of leaded zinc oxide and other pigments. 
2 Includes lead which went directly from scrap to fabricated products. 
Table 13.—Lead consumption in the United States, by months 
(Short tons) 

Month 1967 1968 Month 1967 1968 
Januar 107,431 110, 608 Amr. eee 104, 406 110, 908 
February..................-. 99,789 106,261 September.................- 102,553 114,312 
March. ...................- 112,912 106,621 October.................... 111,920 183,188 
A el BEE 106,964 108,118 November.................- 107, 967 116,574 

Vj 110,808 112, 139 ecembe rr 105, 594 112,841 
/ c Sucesos 106,011 104,479 
ii dues sa aL 84,161 93,301 Teil! 1,260,516 1, 328, 790 


1 Includes lead content of leaded zinc oxide and other pigments and lead which went directly from scrap to 


fabricated products. 
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Table 14.—Lead consumption in the United States in 1968, 
by class of products and types of material 


(Short tons) 
Lead in Lead Lead in 
Product Soft lead  antimonial in copper- Total 
ead alloys base scrap 
Metal products..................-......- 194,833 104,773 48 ,974 15,670 364, 250 
Storage batteries 270, 205 h/ AA ee hee 513,708 
Pipmehnts.. ꝛð2? :U!l o cR eed UE 2B8 107,258 
Senn 8 262, 854 iA lnc. Suec 262,526 
Miscellaneous 10,252 12,814 3 23, 106 
Unclassified 15,381 2,079 464 17,924 
;õÄ«Ü ͤ·hõA ] m ee ee es 860, 283 363, 336 49,478 15,670 11,288,767 


! Excludes 37,547 tons of lead which went directly from scrap to fabricated products and 2,476 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 


Table 15.—Lead consumption in the United States in 1968, by States 


(Short tons) 


Refined Lead in Lead Lead in 


State soft antimonial in copper- Total 
lead lead alloys base scrap 

Californien ES ES 89,212 31,622 6,241 709 127, 784 
Colorado: ¿c u l md é 1,114 2,500 d e ete „709 
Conneeticunu 2 ll 2L Lll lll l2l2l.-- 17,171 16,442 112 1,520 35, 245 
District of Columbia J))! acr D 150 
Nat, TEE 6,249 S288. Louclumcd. Sees 11,582 
/ ³ow 8 39, 720 16,199 2,0101, ze 58,436 
hr E A E A 80,816 50,272 9,846 2,098 148 ,027 
e ß id. 76,831 42,411 1, 585 814 121, 641 
AI; ðDjſ eee ĩ 8 11,046 9,151 8 877 20,612 
etwas gt 2,795 7,115 1 using. 9,911 
Maryland -` -anaa aaan 4,374 17,414 166 21,954 
Massachusetts 4,147 866 198 47 5,258 
Mien oe ei z ek eens 18,158 20,879 1,881 433 41,351 
Mi dee RD Ee 88,042 14,684 164 420 53,310 
detail o eue 2,805 1,016 26 778 4,625 
New Jereeny -2an 127,942 21,498 9,055 489 158,984 

r d 40, 120 2,280 9,552 780 ; 
Ohio; Tuy u hs as é 13,988 8,928 8,432 836 22,184 
Pennsylvania 51,449 31,448 1,120 3,044 87,061 
Rhode Island. `. 1,276 450 85. SS Sos 1,761 
Tennesse 170 11,337 328 252 12,087 
Vigila cure ͥ ³⁰- A ee 1,211 1,193 738 1,337 4,479 
r ͤ v 6, 663 478 914 ces 7,455 
West Virginia 18, 963 // •˙» es SERE 22, 006 
Wisconsin 8,065 2,807 42 148 6,062 
Alabama and Mississippi.................-.- 1,003 2,865 asses ewes 623 4,491 
Arkansas and Oklahoma 3,631 3, 886 99. Sees 7,116 
Hawaii and Oregon 940 2.6012 x VE 8,612 
Iowa and Minnesota. 3,131 8,615 127 490 12,363 
Louisiana and Texas 182,253 21,133 1,726 312 205,424 
Montana and Idaho. ....................-- / ᷣ ᷣ ( sss wanecesic 4,691 
New Hampshire, Maine, Vermont, Delaware 5, 067 7,711 45 168 12, 991 
North and South Carolina mew 2,001 228888 8 4,639 
Utah, Nevada, Arizona 69 uon yy 8 89 
õͤõͤ ³˙1¹·¹ r y 860,283 363, 836 49,478 15, 670 1,288,767 


! Excludes 37,547 tons of lead which went directly from scrap to fabricated products and 2,476 tons of lead 
contained in leaded zinc oxide and other non-specified pigments. 
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Table 16.—Production and shipments of leaded pigments‘ and oxides in the United States 


1967 1968 
Shipments Shipments 
Pigment Produc- Value 2 Produc- Value 2 
tion — tion — vP 

(short Short Aver- (short Short Aver- 

tons) tons Total age tons) tons Total age 

per per 

ton ton 

White lead: 

DR. ecw Geese 7,316 8,871 $38,609,808 $407 6,614 8,578 $38,514,502 $410 
In Iii!!! 8 2,807 3,257 2,205,973 677 2,822 3,056 2,087,601 683 
Total- l . er 10,123 12,128 5,815,781 480 9,436 11,684 5,602,103 482 
Red lead. ------ 26,869 25,741 8,814,995 342 23,816 23,811 8,458,714 355 
Litharge 95,581 99,982 32,135,289 321 114,900 131,178 38,721,968 295 
Black oxide 2 L2 tee acce i 2x2: 59x Caas 


1 Except for basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 


2 At plant, exclusive of container. 
3 Weight of white lead only, but value of paste. 


Table 17.—Lead content of lead and zinc pigments ' and lead oxides 
produced by domestic manufacturers, by sources 


(Short tons) 


1967 1968 
Lead in pigments produced Lead in pigments produced 
Pigment from— from— 
— T Total —— RO Total 
Ore "e" lead in Ore 1 lead in 
ig lea pigments —————————— Pig lea pigments 
Do- For- Do- For- 
mestic eign mestic  eign 
Whitelead.... ......... ........- 8,098 8,098 `... ume 7,549 7,549 
Red lead...... ......... ........- 24,357 %%% woos 21,589 21,589 
Eithargee edd 88,890 88,890 ..... ....- 106 , 857 106 , 857 
Black oxide.... ......... ........- 194,909 194,909 ..... ..... 208 , 067 208 , 067 
Leaded zinc 
oxide....... 798 DIZ. Ses 8 1,310 768 T06. unions 1,474 
Total... 798 512 316,254 817,564 768 706 844,062 345, 536 


1 Excludes lead in basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 


Table 18.—Distribution of white lead (dry and in oil) shipments,’ by industries 


(Short tons) 


Industry 1964 1965 1966 1967 1968 
Paints EE 10,584 9,185 8,260 6,968 6,681 
e ĩ˙ oe eee cee 143 133 130 96 124 
e . EE 4,769 5,355 6,486 5,064 4,829 
Ve ZC WEE 15,446 14,673 14,876 12,128 11,634 


! Excludes basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 
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Table 19.—Distribution of red lead shipments, by industries 


(Short tons) 
Industry 1964 1965 1966 1967 1968 
§?³ðñ ²³˙ ¹ũ öd ˙ 5 14, 133 13,725 14,480 13,318 11,947 
Other hse dos ec Li eeu 13,957 15, 938 16,790 12, 423 12,464 
Total- coc 8 28,090 29,663 81,270 26,741 23,811 


Table 20.—Distribution of litharge shipments, by industries 


(Short tons) 


Industry 1964 1965 1966 1967 1968 


Ceramics. _....-.-.------ 2. eee 20,508 21,013 23,476 19,491 24,123 
Chrome pigments 6,426 W W W w 
Insecticide ss W 1,161 1,166 W W 
Oil refinin gg 2,142 2, 886 1,991 1,885 1,849 
Ebert 1,978 2,153 2,296 1,928 1,986 
Varnish- uo one oe y de 4,004 8,763 1,620 1,228 Ww 
M eo ee 64,335 74,916 79,754 75,500 108 ,220 

/ ·˙·¹wꝛmʃ. 0 cecidere 99,393 105,892 110,308 99,982 131,178 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 21.—U.S. imports for consumption of lead pigments and compounds 


1967 1968 
Kind €— Á——— Á— c —————— M 
Short tons Value Short tons Value 
(thousands) (thousands) 
White lead 2,298 $672 2,158 $672 
IJ y metu 8 3,296 761 4,412 977 
LItharge. oca SS ee 24,632 4,969 24,829 5,181 
Other lead pigments. ....................- r 76 20 
ther lead compounds. ..................- r 372 r 152 898 116 
Toal 2ro2esescetàcunad oue r 90,669 r 6, 576 32, 004 6,950 
* Revised. 
Table 22.—Stocks of lead at primary smelters and refineries 
in the United States, December 31 
(Short tons) 
Stocks 1964 1965 1966 1967 1968 
Refined pig leadgg—ů—ꝛů»- -------0-------0mMMMM 34,100 17,524 16,175 18,2438 11,490 
d in antimonial lead 4,012 7,680 6,396 5,119 3, 852 
Lead in base bullion. nn 13,218 10,735 15,606 16,622 11,471 
Lead in ore and matte 33,068 41,504 71,296 85,495 63,614 


I — —Q (€ 84,898 83,448 115,473 125,479 90,427 
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Table 23.—Consumer stocks of lead in the United States, December 31, by types of material 


(Short tons, lead content) 


Refined Lead in Lead in Lead in 
Year soft lead antimonial alloys copper-base Total 
ead scrap 
/. upp u te ook 69,361 85,163 7,933 987 113,444 
1055. oe 8 61 , 586 86,190 10,406 1,013 109,195 
196 zoo sica sro 44,490 84,704 10,071 1,041 90,306 
19671: x ⁊ 59,837 85,879 8,919 1,151 105,786 
LEE 43,933 85,009 9,184 174 88 ,900 


Table 24.—Average monthly and yearly quoted prices of lead 
at St. Louis, New York, and London 


(Cents per pound) 


1967 1968 
Month ——————————————————— ————————————————————— 
St. Louis New York London? St. Louis New York London ? 

January... soe es 13.80 14.00 9.96 13.80 14.00 9.98 
Februar 13.80 14.00 10.04 13.80 14.00 10.36 
Marek. 13.80 14.00 10.34 13.80 14.00 10.61 
r te 88 13. 80 14. 00 10.28 13.80 14.00 10.66 
// oe Le 13.80 14.00 10.35 12.84 13.04 10.72 
Jule... vy E 13.80 14.00 10.31 12.80 13.00 10.74 
JUIM cc an 13.80 14.00 10.44 12.50 12.70 11.1 
A | ERN ee ͤ (u 13.80 14.00 10.51 12.30 12.50 11.29 
September 13.80 14.00 10.23 12.30 12.50 11.34 
October 13.80 14.00 10.18 12.61 12.81 11.18 
November 13. 80 14. 00 10.44 12.80 13.00 11.19 
December CH 13.80 14.00 10.12 12.80 13.00 11.27 

Average. 13. 80 14. 00 10.28 13.01 13.21 10.88 


1 St. Louis: Metal Statistics, 1969. New York: Metal Statistics, 1969. London: Metals Week. 
2 Based on monthly rates of exchange by Federal Reserve Board. 
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Table 25.—U.S. exports of lead, by countries’ 


1966 1967 . 1968 
Destination ———————— ——————— — 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 


sands) sands) sands) 
PIGS, BARS AND ANODES 

Belgium-Luxembourg.....................-. 1,115 $913 18 $22 769 $799 
FOZ ee 799 250 558 163 504 166 
Canadian eo ⁊ ĩð . ew Bde 299 309 359 360 450 372 
öÜ˙' %r⅛²wQA. kd y 8 56 27 587 205 1,404 521 
Golomis‚ss i ccscscecce 580 237 237 71 20 
M ³ J NP 12 28 42 51 664 266 
TN EE 15 18 1,402 491 1,145 285 
LE s; u is se ot ede eS 156 98 200 550 4 90 
Netherlands 118 364 156 405 412 843 
Philpp nes m 68 41 119 89 287 119 

%%% 8 11 8 1 5 
SS ³o¹¹ ⁰mqↄĩↄĩ 8 151 120 263 472 187 137 
c c mais 233 88 190 60 31 18 
United Kingdom. ......................... 200 848 321 471 191 284 
AA r: 346 214 206 208 634 222 
Vietnam, South... 521 227 19 6 99 34 
P6õ·.ÜÜ¹ÜwéA6w5 A ³ðW 8A ³ A i 805 682 1. 869 1,140 1,267 1,028 
ge DEEN 5,485 3,967 6,536 4,767 8,281 4,740 

SCRAP 

Belgium-Luxembourg.....................- 101 20 35 15 207 50 
CADAdH. CO e Ua y 56 34 116 24 
Germany; West u luu owt ecco ¿pusu Gas. mua aS. deca 113 17 
dE ³ ͥ v d y ME 8 16 JU uoles . esses 
Netherlands... MMMM 288 68 139 55 124 28 
United Kingdom. ........................- 138 60 120 76 867 95 
. ͥͥͥ—Aꝛ0ꝛ!ẽu ⅛% —A. hͤ . mm. E 21 17 28 8 10 5 
vk !(ĩõĩõĩê— —ůmm»mͥnuQỹ! .. eee sons 498 165 394 198 937 219 
Grand total. e --22- 20nn 5,933 4,182 6,930 4,965 9,218 4,959 


1 In addition foreign lead was reexported as follows: pigs, bars and anodes; 1966: 7 tons ($3,806), 1967: 162 
tons ($88,794); 1968: 11 tors ($19,211). Scrap; 1966-68, none. 
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Table 26.—U.S. imports‘ of lead by countries 


1966 1967 1968 
Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Ore, flue dust, and matte (lead content): 
Australia 22,614 $4,963 25,553 34,708 20,592 33,772 
BU §ĩ?m See So UE 11, 136 2,433 13, 764 2,680 5,718 994 
ene, ß Ee 52,707 12,018 33,47 6,928 36, 815 6,733 
Chilë o m 8 7 159 49 
Slomm ood sede eL 445 51 561 49 (2) 
Guatemala. .................-...-.....- 35 6 197 BB ecto pet vorn 
Honduras 11,132 2,347 6,618 1,367 9,272 1,782 
Mexico; dicht md Ad ee esas 624 89 314 303 

c. a tr eres aya 41,610 8,515 36,734 6,968 13,976 2,610 
Philippines 164 44 37 11 
South Africa, Republic oz 1,894 460 359 32 608 97 
OUR CB oo . wees 2,123 320 6,402 1,108 60 12 

(( ³»W¾õiĩẽj. ͤͤKßdß ꝛm.: ( E 143,991 31,247 124,067 23,950 87,8386 16,180 
Base bullion (lead content) 

Ustralls LOL. ceed 1,283 320 ee, mixto and necu Cli ld 
Belgium-Luxembourg "Mcr ð d T NEL EE S 442 I8ͤ 88 
... 88 62 27 23 96 14 78 
Franco. oe AAA . ĩᷣ v ĩͤ K Walusa 55 ld essan vh dz 
Germany, West 56 la noa b woes Beets ms us 

OXICO EE 541 127 95 1,489 101 1,545 

EE 64 102 66 809 35 440 

United King do 71 Ä 
Total ts eg 2,012 596 752 2,540 150 2,068 

Pigs and bars (lead content): 
AuUSLFATIB c.count Se Se eon 44,187 10,868 53,156 11,900 46,919 9,851 
Belgium-Luxembourg.-................- 2,585 606 23,281 5,074 18,649 4,343 

e d RERUM 5, 532 1.375 2, 548 590 _. ᷣͤ Stace. 
Canada... se 8 84,283 9,358 37,238 9,728 60,161 14,687 
Denmark: EEN 6 184 4 22 
Germany, Wes ns 15,499 6,002 49,077 12,726 20,711 7,552 

= EE 75,294 16,645 57,271 18,019 66,516 12,062 
EE eeh 51,598 14,824 70,377 18,506 75,105 18,896 
South Africa, Republic of 11,986 8,341 6,989 1,937 8,298 2,201 
SWedehs. - Mmↄꝶmꝝ EE 3,308 728 8,868 847 
United Kingdom.....................- 8,101 977 17,680 4,344 22,919 5, 546 
Vugosla via 81,322 8,190 30,478 6,941 19, 775 4,155 

e oA ee a eae 1,148 Slo. gates. E xx Soo ese 
G6;ö˙; «ð .. det ae 8,237 2,530 11,772 2,978 5,153 1,841 

9797;Ü—jG 6 v 285,389 75,218 368,598 88,697 338,120 81, 472 

Reclaimed scrap, etc. (lead content): 
Australia r 8,843 1,696 1,086 485 2,280 986 
Canada aio ˙ a ea Meets r 2,857 696 6,481 1,319 2,834 528 
Dominican Republic 179 28 248 42 292 81 
Germany, er,! eer enses 1,472 J Jasus 
leet, Ee eee eee 814 40 278 43 670 111 
N etherlanda Antilles 188 38 187 38 60 11 
New Zealand. lll. l-- 50 8 77 11 64 11 

l y cde a EE 80 12 974 56 221 27 
CC11§Ü˙Ü¹ m r 185 52 136 31 60 10 

! i cscs r 7,696 2,565 10, 289 2,358 6,481 1,715 

Grand total r 489,088 109,626 498,706 117,545 432,587 101, 380 


r Revised. 
1 Data are “general imports’’; that is they include lead imported for immediate consumption plus material 
entering the country under bond. 
2 Less t V unit. 
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Table 27.—U.S. imports for consumption’ of lead, by countries 


1966 
Country Short Value 
tons (thou- 
sands 
Ore, flue dust, and matte (lead content): 
AA; ³ðV Gunana NAi 21,460 34, 636 
Bill! ³ĩðVA ]ðͤi uu su 1,454 376 
GO DID MMC 23,617 5,099 
Chilo- uos o nene e iu Miu 
Colombia... Los co guce aes 228 84 
Honduras..............-.....-...-....- 3, 506 785 
Ireland... ß ß ese b an as 
lee hee 425 72 
777/ö§ö˖Ü5Ü% lt 10,177 2,053 
PhilibDihes.. ß . eege decease 
South Africa, Republic of 2,963 811 
% O no ee xy 
%)%˙ͤg V CC m ha 20 5 
J%%% ³ ce se oc Ss 68,850 18,871 
Base bullion (lead content): 
Avistralis ecco ³˙ AA ES 1,272 323 
Belgium-Luxembourg..................  ........  .....-.- 
Canadá... scence 62 27 
Germany, Wess 56 14 
Ae eebe ⁰ sues e 474 109 
Pon AAE ͥ ff.. LEE 64 102 
United e c . mods 
%%»ö/Rö%rͥ⁰ö]ü ³Ü.. ⁰Ü¹rw.wm..d 8 
I —T—W———T—T—T—TT eee 1,928 575 
Pigs and bars (lead content): 
Austrahs -2-an 44,160 10,859 
Belgium- Luxembourg 2, 585 606 
ee ß oe as 5,532 1,375 
BR TEE 84,288 9,358 
Der o 8 672 184 
Germany, Wee 15,499 6,002 
6777777 eee LE 2,106 522 
r ß a N 75,394 16, 665 
/ ³oð'—m6d Add y Secon ce 
N . JJſͤͥ 8 5,137 1,518 
EE EE 51,598 14, 824 
South Africa, Republic of 11,925 3,324 
United Kingdom. ..................... 3,101 977 
Yugoslavia___........._.----.__-..--.- 31,322 8,190 
1... 8 2,529 908 
Total; ĩw A 285,788 75,312 
Reclaimed scrap, etc. (lead content): 
ET A TEE 61 11 
Canada. 3. A 8 2, 807 681 
Dominican Republic 179 28 
Germany, West 
www ceci ` ⁰y y wees 
/ L ³⁰Üwꝛmꝛꝛꝛꝛ m 88 314 40 
Netherlands Antilleãe s 188 38 
ew Zealand... ee A ui 50 8 
Panagms ee 80 12 
POP PERRA eee oe sie eee ee eee 150 46 
OED OR e eet cee cn ee May oes 127 27 
ell. 3, 956 886 
Sheets, pipe and shot: 
Belgium- Luxembourg 219 64 
Canada; Zc c so eee eeseee 80 18 
Germany, Weste 184 45 
Netherland 514 154 
United Kingdom...................... 44444 
Other... Eege 22 7 
P ͤĩÜ¹“bwm ⁰¹mmAAA ꝛ Z 2 919 288 
Grand total --------222.. 856,441 


1967 

Short Value 
tons (thou- 
sands) 
37,879 $7,160 
14,707 3,020 
41,416 8,956 
892 172 
5,350 1,085 
409 50 
40,321 8,213 
264 13 

478 51 
2,377 816 
63 15 
144,156 29,111 
442 118 
23 96 
E 20 173 
66 809 

71 16 

55 12 

677 1,224 
53,156 11,900 
23,281 5,074 
2, 548 590 
37, 236 9,728 
423 226 
49,077 12,126 
57,271 13,019 
2,413 485 
878 813 
70,877 18,506 
6,989 1,937 
17,680 4,844 
30,478 6,941 
11,789 2,908 
963,596 88,697 
67 11 
6,340 1,296 
248 42 
1,568 369 
13 6 
278 43 
167 85 

80 12 
874 56 
2338 81 
9,368 1,951 
513 129 

99 88 

2 (?) 

402 105 
76 22 

120 28 
1,212 822 


1968 
Short Value 
tons (thou- 
sands) 
12,640 32,274 
6,708 , 808 
81,453 6,453 
2,440 513 
113 17 
7,780 1,532 
5,459 1,180 
821 54 
28,999 5, 545 
1 1 
836 133 
163 30 
96,868 18,990 
RW l4 78 
EE 13 125 
86 440 
63 643 
46,919 9,851 
19,149 4,354 
60,161 14,687 
46 41 
19,711 7,333 
56,516 12,062 
205 O 65 
75,105 18,896 
8,298 2,201 
22,919 5,546 
19,775 4,156 
8,816 2,123 
937,620 81,264 
30 14 
2,834 528 
292 81 
5670 111 
60 11 
64 11 
221 27 
NE 78 15 
4,249 748 
344 90 
182 66 
12 4 
243 64 
112 82 
893 256 


90,927 519,009 121,305 439,688 101,901 


1 Excludes opori for consumption in bond and export, classified as “imports for consumption” by the 


Bureau of the 
2 Less 1⁄4 unit. 
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Table 28.—U.S. imports for consumption of lead, by classes 


(Thousand short tons and thousand dollars) 


Lead in ore, 
flue dust or Lead in base Pigs and bars Reclaimed Sheets, Not 
fume, and bullion (lead ead scrap, etc. pipe, and  other- 
Year matte, n.s.p.f. content) content) (lead content) shot wise Total 
(lead content) 


speci- "value 


— —— ———— ESE SRL Eee 


Suan- Value Quan- Value Quan- Value Quan- Value Q 


n- Value (value) 
ity tity tity tity tity 
1966........ 64 $13,871 2 $575 285 $75,312 4 $886 1 $288 $568 $91,490 
1967. 144 29,111 1 1,224 364 88, 697 9 1,951 1 322 542 121,847 
1968 — 97 18,990 (9) 643 338 81,264 4 748 1 256 273 102,174 


1 Excludes imports for consumption in bond and export, classified as “imports for consumption" by the 
Bureau of the Census. 


than 1⁄4 unit. 


Table 29.—U.S. imports for consumption of miscellaneous products containing lead 


Babbitt metal, solder, white metal, and other 


e combinations containing lead 
ear 
Gross weight Lead content Value 
(short tons) (short tons) (thousands) 
1966 EE 1,589 131 $3,203 
11 kb 775 413 1.423 
1968 


———————— — A € 1,204 566 2,244 
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Table 30.—World mine production of lead (content of ore) by countries 


(Short tons) 


Country 1964 1965 1966 1967 1968 » 

North America: 

BT TEE 206, 358 302, 950 323 ` 175 339,701 361,128 

Guatemala 11) r 1,330 r 1,017 r 993 1,279 520 

Honduras . 8, 250 10, 642 12,207 12,879 14,528 

/ ĩ˙»mn·;] eene r 187, 845 ' 183, 848 192, 072 188, 500 191,988 

United States .. 286,010 301, 147 327, 368 316,931 359, 156 
South America: 

NEIE re 28,576 35, 534 34, 884 32,258 34,022 
Bellini“. 18,180 17,981 21,484 21,755 24,609 
7 ³˙ Eeer 16, 200 25, 000 r 24,953 25,818 23,352 
«öÜ;¹' ð³ i ĩ EE 1,230 863 912 445 1,091 
Soe. -0M 534 507 658 665 816 
Ecuador 183 126 76 NA NA 

E C "o" 166,089 170,135 159,570 174,378 184,960 
urope: 

Te T O EEN oe ee 5,727 5,553 5,336 5,295 6,400 
Bulgerig; . DE ea 100,641 110, 200 110, 200 112,000 » 117, 000 
Czechoslovakia r 14,900 r 15, 400 r 15, 400 15,400 15,400 
SITE, WEE 2,083 6,952 5,107 5,276 4,981 
e VTT EE EE 18, 487 19, 898 29,491 30, 155 29, 100 
Germany: 

H 11,000 11,000 13,000 12,000 13,000 
EE 53,944 54,727 61,099 65,535 57,861 
Se ³ðVAi. cs Seen ca HOS 8,962 10,626 10,748 e 9, e 9,900 
Hungary............................. 1,323 1,543 e 1,540 
Ireland. eu sc uuu; u SS oas 1,323 2,853 44, 100 66,000 68,000 
III r 85,632 39, 098 40, 456 42, 626 40,207 
NC ⁰·¹w h d 3,94 3,860 8,887 8,660 ° 4,080 
Polànd... o ²⁰w¹ ee 42 ,200 45,400 49,700 49,300 53,700 
ST BEE 216 168 1,890 1,6593 1,457 
Rumania ez 2 2 2 ccc LL cell lll 14,000 17,000 44,000 44,000 44,000 
GER, 64 ,356 62 ,435 r 69,923 69,030 78,594 
Sweden 74,37 76,004 r 78,138 81,180 78 ,400 
USSR EE 864,000 886 ,000 413,000 440, 000 440, 000 
United Kingdom. ..................... 198 Ir nint uus. wand i 
" 5 AERA TNR ONE TO ETD 124,671 117,122 118,097 119,365  *121,000 
ríca: 
lte See Eege 10,525 11,514 r 4,898 8,586 8,770 
Congo E EE 2,391 e° 3,100 8,900 NA NA 
Congo (Kinshasa) ....................- 1,152 1,709 1,168 1, 1bo 
Morocco 78, 584 85, 000 85, 536 57,707 79,787 
NEE Ee "Ae e 770 e 1,800 e 900 ......... 
South Africa, Republic of... 53 20 20. chine 
South-West Africa,! Territory of 104,023 96,789 98 , 745 e 77,160 e 66,000 
Tunisia uo ¼ ĩð v nda msc ae 13,944 17,494 17, 561 13,720 * 14,000 
Asias oe EE 14,508 283,529 20,679 21,055 26,594 
BUIms 2 os . bci ees 20,700 21,400 r 13,200 8,800 12,000 
China, mainland --2----- 110, 000 110, 000 110, 000 100, 000 110, 000 
India- EE , 966 ; ,116 2,608 2,810 
EFfJJ/!«ö; ͥ˙Ü•O ͤ v dme r 11,729 r 12, 875 r 16,182 16, 300 e 16,500 
pes ert CU REM UR r 59,604 60,550 69,561 69,970 69,266 
orea: 

Nofth EE 60,000 66,000 66,000 72,000 71,000 
r ³»¹ r 4,059 r 5,367 r 8,422 10,675 19,031 

art aa TL ER eu 8 114 116 101 105 
J 88 4,080 6,152 7,028 83,883 8,000 
F ³oÜ¹wmi fee ee eee 1,792 1,854 1,030 2,599 2,443 
Oceania: Australia TEE EEN 419, ,839 405, ,594 r 408, 687 420, 035 427, 556 
Total $...-:110.-2822 ss usis RE r 2, 779, 182 72,969,939 73,141,583 3,169,108 3,309,057 


* Estimate. P Preliminary. t Revised. NA Not available. 
1 Recoverable. 
: roduction. 
ended March 21 of year following that stated. 
Total da is of listed figures only. 
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Table 31.—World smelter production of lead by countries 


(Short tons) 
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Country 1964 1965 1966 1967 1968 P 
North America: 
Canada (refined jj 151,372 186,484 184,871 190, 279 202, 100 
5 JJ; 8 83 126 237 78 220 
e EE 183, 758 181,117 189,757 178,232 189,884 
United States (refined) 2222 449, 429 418, 249 440, 726 379, 894 467,310 
South America: 
fr ³¹w¹mài 25, 400 35,300 24,300 NA NA 
Bo (refined metal and solder 508 de 1,246 261 NA 
EE ee 14,417 10,654 10,955 18,997 17,821 
STEE 98 ,904 95,668 97, , 843 90,185 91,900 
Europe: 
AUSLTIB uu ]51wwuöp ðͤ . ̃ ͤ hue LLL 9,365 8,481 7,907 8,586 7,779 
Belgium EE!!! ⁵ 8 91, 840 122, 089 102, 139 107, 696 105, 300 
Bulgaria 96,451 102,979 r 102,346 106, 500 107, 000 
Czechoslovakia ))) r 16, 500 r 22, 000 r 22, 000 22,000 22,000 
BhoB.ol co a LEE cie Lon 98,976 108,419 119, 753 125, 674 110, 000 
Germany: 
Wet EE 27,600 27,600 27,600 27,600 27,600 
West EE 118,502 114,674 120,841 150,250 132,300 
Greece (base bullion from ores) , 500 5,700 6,060 6,06 9,768 
UNG GI n.o ³ A hm. 220 220 e 220 N NA 
Ree r 47,058 50,067 59,269 66,689 63 , 442 
Poland 2... u ul u l. e 45,747 45,620 47,936 48 ,882 46 ,300 
Portugal (refined) 1,506 1,442 r 1,166 1,189 1,358 
ue S INSANE TURION ECCE ORE 14,000 17,000 44,000 44,000 44,000 
iin eae ta ⁵⁵⁵0A 8 63 ,927 59,321 r 12,643 57,937 70,188 
Sweden (refined) 222 RERO a Qa 44,482 44,346 48,17 46,400 46,300 
eege 864,000 886 ,000 418 ,000 441,000 441,000 
Untted Kingdom ek ea E PUR EK ET cee na r 27,358 r 25, 305 r 17, 796 29, 566 35, 150 
T ugoslavia 8... 111, 427 * 111, 889 r 107, 809 103, 452 104, 540 
cas 
Mordes 20, 766 18, 995 20, 696 23,544 26, 688 
South-West Africa, Territory off 52,685 12,791 82, 976 e 80,500 e 68,300 
Tunisld ee eene 8 13,331 15,627 15,4098 14,600 ......... 
i Zambia s. ĩð v Be ee eee 14,508 23,529 20,679 21,055 26,594 
a: 
EE ee 19,900 e 17,600 e 15,400 * 14,300 9,300 
China, mainland *....................- 110,000 110,000 110,000 99,000 110,000 
Indi. 22224 a Se eo se 8,995 r 2, 628 r 2,803 2, 727 1, 509 
FPFf!!ͥÜðſſĩ So 7⅛r¾. w e ur 418 r 867 r 887 e 390 e 390 
E EE 106,962 119,433 130,715 165,316 181,410 
orea: . 
North * ß seduces 50,000 55,000 55,000 60,000 60,000 
Soul WEE EEN e 40 e 900 1,772 3,293 3,438 
der fe ER 2,161 1,012 550 e 550 e 550 
Oceania: Australia: 
Refined lead... -02MM 227,473 216, 504 216,304 213,881 196,260 
Lead bullion (for export) 87,701 74,936 88 ,210 107,046 193,328 
Total 22. 2d uk. cce ec e an u ss 72,818,266 72,911,104 * 8,026,486 3,057,553 3,220, 977 
e Estimate. p Preliminary. t Revised. NA Not available. 


1 Primary, except as noted or source does not differentiate. 

2 Lead refined from domestic and foreign ores; excludes lead refined from imported base bullion. 
3 Includes recovery from secondary materials. 

Lead bullion Hom imported ores and concentrates. 

5 Lead bars only; does not include lead contained in antimonial lead or solder. 

* Year mord arch 21 of year following that stated. 

7 Total is of listed figures only. 
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Lime 


By Paul L. Allsman ! 


Paced by the expansion in basic-oxygen- 
furnace (BOF) steel flux use, sales of quick- 
lime were up 8 percent. Total sales of 
open-market and captive lime increased 
4 percent, while sales of hydrated lime 


decreased 11 percent, and production of 
dead-burned dolomite decreased 3 percent. 
Use of all types of captive lime increased 
1 percent. 


DOMESTIC PRODUCTION 


The steel industry announced plans for 
two new fluxing lime plants during the 
year. Black River Mining Co., owned by 
Armco Steel Corp., Southwestern Portland 
Cement Co., and Marble Cliff Quarries, 
began construction of burnt lime produc- 
ing facilities at. Carntown, Ky., to serve 
BOF steelmaking plants at Ashland and 
Middletown, Ky. United States Steel Corp. 
reported plans for two new vertical kilns, 
adding 1,300 tons per day capacity of 


fluxing lime fcr BOF steel manufacture, at 
Lorraine, Ohio. 

Bethlehem Mines Corp. continued con- 
struction of a new 650-ton-per-day rotary 
lime kiln at Annville, Pa. Total capacity 
of 1,350 tons per day will be available 
for BOF steel manufacture at Bethlehem, 
Pa., as well as open-market use. CF&I 


1 Mineral specialist, Division of Mineral Studies. 


Table 1.—Salient lime statistics in the United States 


(Thousand short tons and thousand dollars) 


1964 
Number of primary plants 210 
Sold or used by producers: 
Quicklime....................... 11,370 
Hydrated lime................... 2,551 
Dead-burned dolomite............ 2,168 
Total EEN 16,089 
Vale... ceu recen ocb s 3223, 149 
Average value per ton........... $13. 
Open- market 9,802 
EE ³ð 6,287 
lll ͥ ³AAAAAA wd ee n 30 
Imports for consumption 99 128 


1965 1966 1967 1968 
212 208 209 206 
12,009 13,195 13,438 14,440 
, 609 2,669 2, 656 2,364 
2,176 2,193 1,880 1,833 
16,794 18,057 17,974 18,637 
$232 ,939 3239, 588 $241,187 $249,639 
$18.8 $18.27 $13.42 $13.39 
10,449 11,451 11,461 12,054 
6,345 6,606 6,513 6,588 
40 60 52 69 
216 196 128 106 


1 Data may not add to totals shown because of independent rounding. 
3 Selling value, f.o.b. plant, excluding cost of containers. 


3 Source: Bureau of the Census. 
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Steel Corp. completed a new 300 ton-per- 
day vertical lime kiln at its Pueblo, Colo., 
works. The automated plant provides flux- 
ing lime for two 115-ton BOF steel 
furnaces. 

Major expansions were underway or 
completed at six other lime plants in 1968. 
National Gypsum Co.’s new rotary kiln 
at Kimballton, Va., raised production to 
nearly 1 million tons per year; Marblehead 
Lime Co.’s new rotary kiln at Buffington, 
Ind., raised its capacity to 1,500 tons per 
day. United States Lime Products Division 
of The Flintkote Co. added a 300-ton-per- 
day kiln at its Apex, Nev., plant; Cutler-La 
Liberte-McDougall Corp. added a 20-ton- 
per-hour lime hydrating plant at its 
Superior, Wis., plant. Ash Grove Cement 
Co. put a 200-ton-per-day rotary-hearth 
lime kiln onstream at its Springfield, Mo., 
plant. Ohio Lime Co. added a new 300-ton- 
per-day Parson’s calciner at its Woodville, 
Ohio, plant for producing dolomitic quick- 
lime. 

Modern equipment and plant automation 
were becoming an important feature of the 
lime industry. The Paul Lime Plant, Inc., 
at Paul Spur, Ariz., uses a centralized kiln- 
control board to record temperatures at all 
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critical points. Installation of a 10 by 150 
foot Kennedy Van Saun rotary kiln and 
preheater upped capacity to 480 tons per 
day with near perfect thermal efficiency.’ 
The new 800-ton-per-day Huron Lime Co. 
plant at Huron, Ohio, furnishes fluxing 
lime to the BOF steel furnaces of Weirton 
Steel Co., at Weirton, W. Va. Materials 
can be received and shipped by lake trans- 
portation, truck, or rail, with self-unload- 
ing conveyor systems.“ 

Pete Lien & Sons, Inc., Rapid City, 
S. Dak., recently added a portable, multi- 
level, vertical kiln to its lime plant, in- 
Creasing quicklime capacity from 85 to 
350 tons per day, and quadrupling hydrat- 
ing capacity. Planned is the purchase of an 
additional similar kiln.* 

Dixie Lime & Stone Co.'s new 200-ton- 
per-day rotary hearth Calcimatic kiln at 
Sumterville, Fla., replaced nine oak-wood 


2 Utley, Harry F. Paul Lime Plant Ups Capac- 
ity to 480 tpd. Pit and Quarry, v. 60, No. 11, 
May 1968, pp. 159—161. 

3 Herod, Buren C. Metallurgical Market 
Spawns New Lime Plant. Pit and Quarry, v. 60, 
No. 11, May 1968, pp. 123-126. 

*Lien, Bruce H. Portable Lime Kiln Proves 
Simple, Inexpensive. Rock Prod., v. 71, No. 7, 
July 1968, pp. 69, 102-104. 
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Table 2.—Lime, primary, sold or used by producers in the United States, by States 
(Thousand short tons and thousand dollars) 


Š Sold Used Total 
tate — 
Active Quantity Value Active Quantity Value Active Quantity Value 
plants plants plants 
1967 
Alabama................ 5 504 $5,886 4 120 31,888 7 624 $7,719 
Air 2-285 8 W W 4 W 7 186 3,142 
Arkansag 1 W W 4 w 5 187 2,728 
California 6 209 3,735 12 330 4,961 18 589 8,696 
Colorado 2 W W 11 W W 13 118 2,028 
Florida-.... 2.22 2 W WwW 1 W W 3 155 2,425 
Hawaii 2 W W 1 W W 2 8 265 
Louisiana 2 W W 2 W W 4 758 9,891 
Maryland............... 8 W „„ uasa Z 2 D. S 8 W 
Massachusetts 3 W W 1 W W 3 195 3,044 
Michigan 4 810 9,617 8 977 11,965 11 1,787 21, 582 
Missouri 4 W W 1 W 4 W 
h Gets eee: 8 4 143 1,765 4 143 1,765 
New Mexico............- ------ 2.2...  .....- 1 17 243 1 17 243 
New York. -------- 1 W W 8 W W 8 1,189 10,570 
EE 15 W W 8 W W 19 3,636 48,817 
Ges.. 8 2 W W 2 W W 4 99 2,059 
Pennsylvania 14 W W 2 W 16 1,719 24,715 
2 e T: nuls cl cade 8 9 843 10,552 6 722 10,161 14 1,564 20,718 
UW tage ee ee ets 3 W W 4 W W 7 169 3,182 
Virginia 9 W W 2 W W 10 829 10,345 
West Virginia. 3 W W 1 W W 3 217 3,099 
Wisconsin 5 211 3, 407 1 1 7 6 212 3,414 
Connecticut, New Jersey, 
Vermont 8 W NR a A 3 W W 
Illinois, Indiana, Iowa, 
Minnesota, Mississippi, 
Nebraska, North Dakota, 
Oklahoma, South Dakota, 
Tennessee, Wyoming 14 1,641 22,999 15 143 4,044 28 1,784 27,042 
se Nevada, Wash- 
F W W 6 11 383 6,117 
Undistributed ECC tae: C n 7,244 100, 64422 4,059 49,321 1,504 17, 538 
Tot! 120 11,461 156,787 104 6,518 84,350 209 17,974 241,137 
Puerto Rico............. 35 Pun 1 35 ,106 
68 
Alabama...............- 6 W W 8 W WW 6 773 8,9838 
Arizong. 3 W W 4 W W 7 260 4,561 
Arkans ass 1 72 971 4 134 2,087 5 206 3,058 
California 6 210 3,703 11 357 5, 598 16 568 9,301 
Colorado 2 W W 12 W W 13 125 2,375 
HReridss us 3 W W 1 W W 3 125 2,059 
Hawaii... eh 2 W W 1 W W 2 8 268 
Louisiana 2 W W 2 W W 4 781 10, 159 
Massachusetts 8 W W 1 W W 3 198 3,880 
Michigan 4 782 9,469 8 848 10, 401 11 1,630 19, 870 
e, ee . 22 4 179 „005 4 179 „005 
New Mexico...........-. 0 ------ ...... wee ee 1 27 377 1 27 377 
New York____...-------- 1 W W 3 W W 3 1,086 10,154 
OG EE 16 w W 8 W W 21 3,701 49,367 
Lregon. ssar asscaseani 2 W W 2 W W 4 120 2,407 
Pennsylvania 13 W W 2 W 14 1,702 24,272 
Texas-.. . . . . . . . . 88 9 828 10,454 6 736 10,701 14 1,564 21,154 
Utah... o˙w»-w ⁵⁰ 3 W W 4 W W 7 174 3,439 
Virginia... 9 W W 2 W W 10 919 11,138 
West Virginia 3 W W 1 W W 3 207 2,848 
Wisconsin 5 224, 3,620- -saskia EE, emnes 5 224 3,620 
Connecticut, Maryland, 
New Jersey, Vermont... 6 SO 1,360 cessi ee, Aë 6 80 1,360 
Illinois, Indiana, Iowa, 
Minnesota, Tennessee, 
Missouri.............. 15 3,185 39,916 8 87 2,059 20 3,272 41,975 
Kansas, Mississippi, Ne- 
braska, North Dakota, 
Oklahoma, South 
Dakota, Wyoming 8 144 1,847 10 126 2,415 13 270 4,262 
Idaho, Nevada, Wash- 
ae oem iR 5 823 5, 788 6 116 1,561 11 439 7,298 
Undistributed lh ocu eee 6,206 88,135 ...... 0.9/4. 41,220. nimis hx Qasa 
Total 2...........- 122 12,054 165,212 104 6,583 84,427 206 18,637 249,639 
Puerto Rico II/; Lucie tit. 1 39 7 


3, 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes items indicated by symbol W. 
* Data may not add to totals shown because of independent rounding. 
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Table 3.—Regenerated quicklime produced 
in the United States 


(Thousand short tons and thousand dollars) 


1967 1968 
State — — — — 
Quantity Value Quantity Value 

Alabama 381 $5,405 484 $6,824 
Arkansas 178 3, 488 187 615 
California 118 2,525 137 3,383 
Florida 1 467 7,625 671 12,144 
rgia 355 6,658 551 10,744 
Idaho 78 1,962 76 2,110 

Kentucky .. 242 2,544 214 
Louisiana 457 9,734 498 10, 690 
Mine eege 122 1,988 
Michigan W W 39 617 
North Carolina. 853 3,653 849 4,892 

Ohio. ........-. 92 W 
Oregon........ 187 4,546 189 4,592 
Pennsylvania !. 28 400 46 808 
South Carolina. 314 8,184 841 3,459 
Tennessee - 122 1,920 122 1,998 
inia....... 278 4,176 
Washington.... 414 9,596 437 10,179 
Wisconsin !.... W 58 1, 035 
Undistributed 2. 581 11,496 559 11,639 
Total . 4,357 74,781 5,303 94,882 


W Withheld to avoid disclosing individual com- 
pany confidential data; included with ‘“Undis- 
tributed.” 

! Includes hydrated lime to avoid disclosing indi- 
vidual company confidential data. 

2 Includes Maryland, Mississippi, Montana, New 
5 New York, Texas, and States indicated 


by 5 
ta may not add to totals shown because of 
independent rounding. 
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fired vertical kilns, producing a total of 
45 tons per day. Quicklime is in demand 
for water clarification and phosphate plant 
acid neutralization, from which a cattle- 
feed product, dicalcium phosphate, is manu- 
factured. Sierra Lime Products Corp.’s 
new rotary-kiln lime plant at Cool, Calif., 
utilizes undersize limestone waste from a 
nearby beet-sugar refinery as kiln-feed. 
Lime is sold for soil and subbase stabiliza- 
tion, or as lump, pebble, and pulverized 
quicklime.’ 

Kaiser Refractories Co.’s dolomite cal- 
cining plant at Natividad, Calif., operates 
in conjunction with its nearby seawater 
magnesia plant. Main use of dead-burned 


dolomite is in manufacture of refractory 


bricks for lining BOF steel furnaces. Raw 
material from a nearby dolomite deposit 
is calcined in three rotary and one rotary- 
hearth kilns, equipped with heat ex- 
changers.” 


5 Levine, Sidney. Dixie Lime & Stone’s Plant 
Complex Designed To Meet Florida Needs. Rock 
Prod., v. 71, No. 8, August 1968, pp. 69-73. 

6 Utley, Harry F. New California Lime Plant 
Obtains Raw Material Without Quarrying or 
Crushing. Pit and Quarry, v. 61, No. 6, December 
1968, pp. 154—158. 

7 Betts, Harold. Kaiser Refractories Expands 
at Natividad. Miner. Proc., v. 9, No. 11, Novem- 
ber 1968, pp. 12-18, 22. 


Table 4.—Number and production of domestic lime plants, by size of operation’ 


Annual production 


1967 1968 


(short tons) Number Production Percent Number Production Percent 
of thousand of of thousand o 
plants shorttons) total plants short tons) total 

Less than 10,000....................- 56 284 2 49 246 1 
10,000 to less than 25, 00⸗0o0o0o 87 604 8 41 664 4 
25,000 to less than 60,000. ...........- 29 1,020 6 84 1,241 7 
50,000 to less than 100,000. ..........- 29 1,890 10 25 1,761 9 
100,000 to less than Z0O0.000. -----...-- 25 2,810 16 25 8,569 19 
200,000 and over, 33 11, "366 63 82 11, "156 60 
// ³· w 209 17,974 100 206 18,637 100 


1 Includes captive tonnage. 
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Table 5.—Lime sold or used by producers in the United States, by uses 


(Thousand short tons) 


Use 
Open 
market 
Agriculture 174 
Construction: 
Finishing lime . . . . . . .. ... 231 
Mason’s lime 518 
Soil stabilization. n 669 
ther RUNE ROUES VIMUS 14 
l! ³ A 8 1,433 
Chemical and other industrial: 
Alkalies (ammonium, potassium, and 
compounds)................... 50 
Brick, sand-lime, slag, and silica 16 
Calcium carbide.................- 3 
If Gat 671 
Metallurgical uses: 
FFT. 127 
opper smelting gg 
Macncslurh J K E ET, W 
s. foncentration FFC 6 
Met tal ney C ther) T 4414 
e other) . 
Paper and et EEN 878 
Sewage an fade wastes treatment 322 
Water softening and treatment... 1,019 
// ww 8,290 
Refractory lime (dead-burned dolomite). 1, 565 
Grand total ?................-- 11,461 


1967 1968 
Captive Total Open Captive Total 
market 

JUSENG 174 218 a ches 219 
NUM 231 806 .......- 806 
(1) 518 446 (2) 446 
Pero 669 658 .......-. 658 
desde 14 1l... 2226 11 
CO) 1,433 1,422 (1) 1,422 
8,092 8,142 61 2,940 8,001 
E 18 ͤ ˙ 18 
W 419 468 268 731 
3 437 883 ........ 888 
1,277 1,949 748 1,181 2,011 
148 187 187 

170 296 161 207 868 
128 W W 

daa du 63 rt EEN 7 
676 4,681 4,962 666 5,028 
302 288 161 208 282 
92 970 893 98 991 

49 871 874 74 448 
536 568 28 682 710 
4 1,028 1,089 W 1,089 
6,198 14,488 8,900 6,269 15,170 
815 1,880 1,520 8 1,833 
6,613 17,974 12,054 6,583 18,637 


W Withheld to avoid disclosing individual co mpany confidential data. 


1 Included with “Other chemical uses’’ to avoi 


disclosing individual confidential data. 


2 Data may not add to totals shown because of rounding. 
3 Includes calcium carbonate (precipitated), coke and gas, food and food byproducts, insecticides, oij-well 
drilling, g, paint, petrochemicals, petroleum refining, rubber, tanning, miscellaneous unspecified uses, mason’s 


lime, items indicated by symbol 


4 Includes various metallurgical uses and items indicated by symbol W. 


CONSUMPTION AND USES 


Production of fluxing lime for BOF steel 
production became a substantial part of 
the lime industry in 1968, as steady growth 
of Basic-Oxygen-Furnace installations con- 
tinued. The National Lime Association 
estimated that over 50 million tons per year 
of BOF steel capacity was installed in 
1968, and that another 20 million tons of 
capacity now under construction would be 
completed by 1970. It was also estimated 
that BOF steel production will represent 
55 percent of total domestic steel output 
in 1970. The use of dolomitic lime as part 
of the BOF fluxing charge was found to 
improve the life of dead-burned dolomite 
refractory linings at Ford Motor Co.’s 
River Rouge steel plant, Dearborn, Mich. 
Two 250-ton BOF vessels, making 30 


heats per day, reached a record 1,103 heats 
without relining.® 

The use of lime and lime-cement for 
soil and subgrade stabilization continued 
to grow during 1968, as several important 
projects were underway. The Dallas free- 
way project in Texas used a 6- to 8-inch 
premixed lime soil-cement layer for a sub- 
grade. A portable pugmill plant, traveling 
disk mixers, and a CMI Autograde unit 
for spreading and trimming the base and 
cement pavement completely mechanized 
the operation.’ In Eastern North Dakota, 
a plastic black gumbo clay was treated 


8 Nationa] Lime Association. Limeographs. V. 
34, No. 4, January 1968, p. 37. 

`V Roads and Streets. Lime in Subgrade, Cement 
in Base-How Done for Texas Freeway. V. 111, No. 
6, June 1968, pp. 72-74. 
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with lime to form a granular-like subbase 
material, and tamped into a 6-inch sub- 
grade. Soil testing to determine optimum 
moisture and lime content was important.” 
Sears, Roebuck & Co. reported admirable 
results from using lime to stabilize parking 
lots. The Port of New York Authority an- 
nounced plans to use lime for stabilizing 
runways up to 32 inches thick at a Newark, 
N.J., airport facility. The project includes 
runways, taxiways, aprons, and parking 
lots; a total of 50,000 to 80,000 tons of 
lime will be required. 

Soil stabilization was also applied to 
irrigation during 1968. The Austin White 
Lime Co. successfully stabilized an irriga- 
tion ditch bottom with hydrated lime near 
Bastrop, Tex. The new use has potential 
in irrigated areas, where large amounts 
of water are annually lost by seepage." 
Experiments in Australia were also success- 
ful in stabilizing irrigation channels with 
hydrated lime. Pumping, formerly used to 
regain water from broken channels, can 
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be eliminated. À steady use for lime was 
expected.” 

In an important development for agri- 
cultural lime producers, agronomists pre- 
sented evidence that only one-half the 
aglime needed is being used today. By 
using lime to correct soil acidity, the poten- 
tial return of fertilizer mineral applications 
can be doubled. A 15- to 20-percent in- 
crease in agliming was predicted with re- 
lease of additional land from the soil bank.“ 
Effects of limed soils on pine forest growth 
were studied. Results showed a substantial 
need for liming in acid soil conditions, for 
pine and cottonwood forests. 


1? Roads and Streets. Lime Stabilization Turns 
Bad Clay Into Paving Platform. V. 111, No. 8, 
August 1968, pp. 48—50, 88. 

u National Lime Association. Limeographs. V. 
34, No. 7, April-May 1968, p. 62A. 

12 National Lime Association. Limeographs. V. 
34, No. 5, February 1968, p. 46. 

13 Farm Chemicals. Are We Heading for a 
Lime Barrier? V. 131, No. 9, September 1968, 
pp. 46-54. 

14 National Lime Association. Limeographs. V. 
34, No. 5, February 1968, p. 43. 
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Figure 1.—Trends in major uses of lime. 
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Table 6.—Destination of shipments of primary open-market lime 
sold in the United States, by States 


(Thousand short tons) 
1967 1968 
State Quicklime Hydrated Total  Quicklime Hydrated Total 
lime lime 
Alabama. ....... . . . ... . .. ........... 2665 17 282 282 84 816 
A/. lu l l llu Exe W W 1 W W 1 
JJ ¹d ³·¹A W W 181 
All! . . . . . ... . .. ....... 12 19 81 84 25 58 
California 292 118 409 305 114 419 
Colorado... s . .. ........ 8 25 107 80 9 
vonnecticuke se ENEE 16 24 100 71 25 97 
pM ER ES 21 10 87 82 8 41 
District o of Columbia W W W 4 
TOM ppm PERDRE CM TROU 184 56 190 195 58 249 
pu PM 8 86 17 108 95 20 115 
HAWAL.. EE W W W W 
1J///§ͤ;»õ⁵·ãõb 2 iso e ede 18 W W 11 
Ur TEE 607 161 768 619 160 780 
Indiana...... . . 8 1,084 65 1,149 1,072 68 1,140 
1%öÜ ß oe eee 71 25 96 62 30 91 
Ee eae ED MR MESE re US 40 18 56 42 40 
Kentucky... / 495 1 518 571 17 588 
Louisiana-.... -2o 2>»... 151 64 215 165 68 288 
M81062. ß. aN 50 11 61 48 12 60 
Maryland... 0.. -2.2 881 16 848 846 17 864 
Massachusetts W 27 
ONT .. cee 866 59 925 849 56 905 
Minnesota 112 15 127 110 15 126 
Mississipp iluiunu l 7 15 91 8⁴ 22 106 
Missouri 144 84 178 144 89 183 
Menden... .. .............. 11 2 13 4 2 5 
Nebraska WwW 18 10 11 21 
Nevada... Ses . W w 29 42 8 45 
New Hampshire W W 11 8 4 
New Jersev .--- ......- 59 80 139 78 95 168 
New Mexico 1 25 89 85 74 
New York. eum ut 239 166 398 218 164 382 
North Carolina 78 81 110 87 83 121 
North Dakota.................-.---- 10 18 28 
hilo. e ve v an cee 8 1,881 186 1,466 1,468 187 1,605 
Oklshoma.............-- c cese e W 62 45 107 
0%000Gö;öÜ—w ß eee teas 1 62 1 19 8 
Pennsylvani˖ aa 1,187 165 1,308 1,114 176 1,290 
Rhode Island. ......................- 14 W 16 
South Carolina 54 8 62 49 9 
South Dakota 20 26 46 12 34 47 
Tennesse 73 5 125 95 136 
77C7%%%%%Cö%—Ü—1: ⁊ 391 510 901 392 444 885 
MO GR oe mt 88 W 81 68 14 77 
Vermont... oce nenne ae w W 2 W W 2 
ët, aiet: EEN 86 83 120 84 84 117 
Washington 60 15 57 20 77 
West Virginia..................-.-..-- 96 16 112 222 20 242 
Wisconsin........-.-.---.2.2-2-2.2.2-2-2- 86 62 147 118 56 169 
WVoo ming W W 8 W W 
Undistributed E aue ueri eee 278 178 125 109 96 18 
Total United States 9,046 2,812 11,357 9,597 2,350 11,947 


W Withheld to avoid disclosing individual company confidential data. 


1 Includes States indicated by symbol W. 


* Data may not add to totals shown because of independent rounding. 


The cost and availability of transporta- 
tion as it affects lime consumption was the 
subject of an article by The National Lime 
Association Traffic Committee.“ Truck 
axle-weight laws, rail freight-rate increases, 
and care of products in-transit, all of which 
have a direct bearing on the practicality, 
or added cost, of using lime in any given 
area were discussed. 

A new development in water-softening 
treatment proved successful at the Ames, 


Iowa, municipal water plant. A novel split- 
treatment bypass and recirculation system 
required less lime and soda ash, and pro- 
duced better quality water. Savings of 15 
percent in chemical costs amounted to a 
$5-per-million-gallon cost reduction.” 


15 Heeman, R. F. Transportation and the Lime 
Industry. Pit and Quarry, v. 60, No. 11, May 
1968, pp. 163-167. 

16 National Lime 5 Limeographs. V. 
34, No. 4, January 1968, p 
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PRICES 


Quotations in the Engineering News- 
Record for delivered hydrated finishing 
lime in 1968 ranged from $62 per ton in 
Seattle to $27 per ton in Los Angeles. The 
average price reported for 16 major cities 
was $42.51 per ton. Prices for pulverized 
quicklime ranged from $64 per ton in 
Seattle to $26 per ton in Dallas, and aver- 
aged $39.52 per ton for 10 cities; the same 


prices held for common lump lime. The 
average delivered price for common hy- 
drated lime, as reported from 15 selected 
cities, was $35.12 per ton. 

The average value of lime sold or used 
by producers, f.o.b. plant, excluding the 
cost of containers, was $13.39 per ton, 
compared with $13.42 in 1967. 


FOREIGN TRADE 
In 1968, Canada received 66 percent Table 7.—U.S. exports of lime 
of U.S. lime exports and Mexico received E A ege 
21 percent. Imports from Canada repre- tons (thousands) 
sented virtually all of the combined import 
š 353 / A š 1,1 
total for all types of lime in 1968. 1967 FCC 52.145 21.095 
1968... 22.2 8 68,916 1,487 
Table 8.—U.S. imports for consumption of lime 
Hydrated lime Other lime Dead-burned Total 
dolomite ! 
Year 
Short Value Short Value Short Value Short Value 
tons 3 (thou- tons ? (thou- tons 3 (thou- tons ? (thou- 
sands) sands) sands) sands) 
1966 urls cuu du 208 $5 151, 703 31.772 483,637 $2,088 195,548 33,815 
1961.25... 2.2225 545 12 79,988 961 42,418 1,892 122,941 2,805 
1968... . 873 21 71,632 877 33 , 498 1,552 106,008 2,450 


1 Dead-burned basic refractory material consisting chiefly of magnesia and lime. 


3 Includes weight of immediate container. 


WORLD REVIEW 


Dominican Republic.—The single, oil- 
fired, shaft kiln, 40-ton-per-day lime plant 
of Industrias Nigua, near Santo Domingo, 
provided hydrated lime for the sugar proc- 
essing industry. Stone was quarried by 
pry bar, handsorted, and crushed by sledge 
hammer. 


South Africa, Republic of.—Northern 
Lime Co. Ltd., installed an 11V5- by 375- 
foot rotary kiln at its Silver Streams plant, 
90 miles from Kimberley. Total production 
of this plant and a plant at Buxton is 
3,500,000 tons per year, making Northern 


Lime Co. Ltd. one of the largest lime and 
limestone operations in the world. 


United Kingdom.—Use of aglime has 
dropped by 40 percent, to 4.5 million tons 
per year. However, Soil Fertility Dunns, 
Ltd., at Bath, Somerset, reported quad- 
rupled sales of aglime during the last 10 
years, making it the largest supplier of 
aglime, agstone, chalk, and liquid fer- 
tilizers in Britain." 

"Pit and Quarry. Aglime Firm Expands 


rry 
Trading While Britain's Consumption Falls by 
40 Percent. V. 61, No. 1, July 1968, pp. 188-191. 
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Table 9.—World production of quicklime and hydrated lime, 
including dead-burned dolomite, sold or used 


(Thousand short tons) 


Country ! 1964 1965 1966 1967 1968 » 
North America: 
Canada lz u cocos de 1,541 1,620 r 1,555 1,423 1,366 
Costa Riese. aea 7 
Guatemala uo 8 NA 20 19 21 19 
EE H EE 29 29 80 e 91 e 33 
Puerto Rico 18 27 80 85 39 
United States (sold or used by producers) 16,089 16,794 18,057 17,974 18,637 
South America: 
Brazil. s 8-250009 00 m Og bec Ld 1,586 1,344 1,400 1,494 NA 
Colombia... 2... LD us uu oes Sec 110 119 56 965 1,008 
Paraguay 22552 EE 20 20 19 19 20 
D TT ⁰ 46 66 66 77 66 
VONCZUCla ee oe ³ AAA E 75 71 49 NA NA 
Europe:? 
ET e CS 805 768 765 fı 644 
Bei ³ 8 2, 534 2, 526 2,460 2,048 
Bulgaria —M——M——Á—M— 8 919 938 966 e 981 e 992 
Czechoslovakia e 2,587 r 2,651 r 2,617 2,604 NA 
ELTERE eebe ͥ⁰⁰ͤ mk E 176 179 165 209 e 209 
PinlanG oon lZ lumu, du e i me 265 270 250 254 291 
PBN CC 22 225502222220. y S c E ee r 4,087 r 4,080 r 4,150 4,187 4,417 
Germany: 
Bast 2235656 ę 0 Uii¶¶.¶ eee bete x 4,049 8,793 r 4,087 8,901 
ô§öê¹˙t᷑1 ͤ K h aa 11,920 11,714 11,465 11, 180 11,722 
HüüpgalUV.. 2-225. ³ AAA 8 811 782 852 882 808 
Ireland... 122222 o9 eee ee eee 44 e 46 4 46 69 
COlV © c o eee ⁰yd y Su eons 5,622 5,622 5,622 5,401 5,512 
N;’ ] ꝛ Umnênmg—. mx. Mu xu sz 114 251 r 258 211 
PSS TUR d ĩ . 8 2,895 2,491 2,647 2,599 e 2,756 
Fogmapig zs x eme RE 1,146 1,132 1,154 1,157 1, 
ERUN r 946 r 894 277 e 331 e 331 
Sweden... o AA ese een uuu ZS s 948 967 r 928 984 ° 992 
au EE 221 195 184 169 162 
PJJJVÄÄôêB—˙d suya 17,855 19,526 * 20,804 21,661 » 22,046 
eee ß sees. 999 1,226 1,255 1,822 1,328 
Africa: 
Congo (Kinshasaãa -2-2-2-2 75 72 r 69 NA NA 
Ethiopia (including Eritre˖)))7)ʒ / e7 ° A r 80 25 25 
South Africa, Republic of (sales) 771 823 812 964 914 
South-West Africa, Territory ofkk e e 4 4 3 NA NA 
Tan2anlh. 2.022 ˙ꝛm K 8 2 2 10 6 7 
a ace ee tC eee A E E 198 e 192 190 187 e 187 
Ugandá —— UC aaa 18 22 204 NA 
TOM DIO s. . ee UU E Ee NA 85 NA 77 79 
Asia: 
E a la ß elec EE EE a. e 44 81 e 84 e 90 e 94 
EI, LEE NA A NA NA 313 
P Scot ecto EEN 1,798 1,865 2,219 8,897 8,996 
UF, c s we ³ mmm 8 13 
Lebanon EE 29 44 72 55 99 
Mongolia €... 2m heen ae oes 33 39 39 44 44 
neee . wee 32 26 26 98 116 
Ryukyu Islands NA NA 28 1 NA 
Saudi biss... ee eee 8 r 9 t 10 7 8 
KT NEE 101 113 118 102 143 
Oceania: 
Australia EE 113 178 167 e 176 NA 
n,, . 222029929 4 4 3 3 4 
Sr se 5⅛mq⁊q⁊ eee r 80, 604 788,183 * 86,070 88, 828 80,818 


e Estimate. P Preliminary. r Revised. NA Not available. 

1 Lime is | in many other countries of the world besides those listed. Mexico and United Kingdom 
are among the more important countries for which official data are unavailable. 

2 For Europe the data includes lime only and in the case of France, high grade lime only. France's total lime 
production is much larger than that shown. 

3 Year ended June 30 of year stated. 

4 Total is of listed figures only. 
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TECHNOLOGY 


The reactions of hydrated lime and fly 
ash mixtures in forming pozzolanic cements 
were detailed in a series of articles. Chemi- 
cal reactions were found to vary with size 
fractions, trace impurities in the materials, 
dolomite and water content of the lime, 
and chemical and mineral composition of 
the fly ashes. Conditions of curing were 
studied through X-ray, microscope, and 
Differential Thermal Analysis examination. 
An extremely complex chemistry results 
from these pozzolanic reactions.“ 

Refractory manufacturers met stricter 
demands from the steelmakers by empha- 
sizing technology in 1968. Research on 
dolomite bricks has made them increasingly 
popular for BOF linings. Increasing the 
life of BOF linings has lowered steelmaking 
costs; with standard life growing from 90 
to 800 or 1,000 heats per lining. Dolomite 
refractory costs on BOF’s were quoted as 
low as $0.50 per ton of steel. Although less 
dolomite bricks are needed with the greatly 
increased lining life, new types of brick 
refractories and replacement of silica, clay 
and basic brick uses by dolomite-brick is 
increasing the demand for dolomite re- 
fractories.“ 

Operation of the new Azbe Super Rotary 
Kiln was described.“ This unusually short 


kiln has a high thermal efficiency and wiil 
produce twice the amount of lime as the 
average kiln. A 934- by 175-foot kiln is 
rated at 500 tons per day. 

Other important technical developments 
during the year include a process for pre- 
cipitating fluoride wastes from glass manu- 
facture with hydrated lime. These wastes 


result from use of hydrofluoric acid for 


frosting glass. Kent Feeds, Muscatine, Iowa, 
was doing research on a process for re- 
covering sulfuric acid, plus byproduct lime 
from gypsum raw materials. A fluidized- 
bed reactor is employed at 220° F in an 
experimental plant. 

Chemical reactions in making soda-lime 
glass were investigated. Titania, germania, 
zirconia, and alumina were substituted for 
part of the silica content and a more chemi- 
cally durable glass resulted.” 


18 Minnick, John L. Reactions of Hydrated Lime 
With Pulverized Coal Fly Ash. Miner. Proc. 
Part I, v. 9, No. 2, February 1968, pp. 15-20. 
Part II, v. 9, No. 8, March 1968, pp. 12-19. 

1? Malim, T. H. Less Brick for More Hot Metal. 
Iron Age, v. 202, No. 15, Oct. 10, 1968, pp. 69-76. 

2 Azbe, Victor J. Super Rotary Kiln Revisited. 
Rock Prod., v. 71, No. 7, July 1968, pp. 61-68, 106. 

2 Book T., C. F. Rapp, H. T. Hartley, and 
B. E. Wiems. Chemical Durability of a Soda- 
Lime Glass with TiO», GeO», ZrOs, and AIPO., 
Partially Substituted for SiOz. Amer. Ceram. Soc. 
Bull., v. 47, No. 8, August 1968, pp. 727—180. 
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Magnesium 


By John W. Cole! 


There was a general shortage of magne- 
sium metal in 1968; plans were announced 
for expansion of domestic magnesium pro- 
duction; and construction was started on 
one new electrolytic plant. 


Legislation and Government Programs.— 
Under a new law (Public Law 90-604 
October 18, 1968) the General Services 
Administration (GSA) was authorized to 
dispose of 55,000 short tons of surplus 
magnesium from the national stockpile. 


Of 5,000 tons advertised for sale by GSA 
on October 28, acceptable bids were re- 
ceived for only about 3,000 tons, indicating 
that the midyear shortage had been allevi- 
ated. Following the first sale, GSA on 
December 10 announced the additional 
offering of 10 million pounds of surplus 
magnesium for sale on a competitive bid 


basis, with bids to be opened January 9, 
1969. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient magnesium statistics 


(Short tons) 


1964 1965 1966 1967 1968 
United States: 
Production: 
Primary magnesium. .............- 79,488 81,361 79,794 97,406 98,375 
Secondary magnesium 11,790 13,617 15,129 13,444 e 14,894 
Shipments: Primar 74,580 85,796 96,443 100, 748 103, 671 
e . ede ces „949 17,836 14,869 11,989 18,364 
Imports for consumption 2,227 2,551 3,265 9,235 4, 086 
Consumption.. ʻa. 54,748 69,622 82,678 90,775 86,427 
Price per pound cents.. 35.2 35.25 35.25 35.25 35.25 
World: Primary production 65, 878 178,818 179, 894 205,069 » 207,089 


e Estimate. 


DOMESTIC PRODUCTION 


Domestic production of 98,400 tons of 
primary magnesium exceeded 1967 pro- 
duction by less than 1,000 tons. The Dow 
Chemical Co. operated electrolytic plants 
at Freeport and Velasco, Tex. The Alamet 
Division of Calumet and Hecla, Inc., oper- 
ated a silicothermic plant at Selma, Ala. 

American Magnesium Co. started con- 
struction of an electrolytic magnesium plant 
at Snyder, Tex., to recover magnesium and 
chlorine from well brines. The first unit, 
with a planned capacity of 10,000 tons 
per year, is scheduled to start production 
in June 1969. Ultimate capacity of the 
plant was announced to be 30,000 tons per 
year of magnesium. 


Great Salt Lake Minerals & Chemicals 
Corp. (owned by Gulf Resources and 
Chemical Corp., 49 percent, and by Salzdet- 
furth/AG. Hanover, West Germany, 51 
percent) contracted to supply The Dow 
Chemical Co. with a yearly minimum of 
100,000 tons of magnesium chloride for 15 
years from Great Salt Lake brines. Adjoin- 
ing plants to produce magnesium chloride 
for electrolytic cell feed will be built by 
Great Salt Lake Minerals & Chemicals 
Corp. and The Dow Chemical Co. near 
Great Salt Lake. 

National Lead Co. and Hogle Kearns 
Co. magnesium project in Utah settled a 
2-year-long dispute over low-cost power and 
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met with favorable court rulings involving 
financing of its proposed plant. Negotia- 
tions with Utah Power and Light Co. 
concluded with an agreement for a supply 
of interruptible power at 3.1 mills per 
kilowatt-hour. The Utah Supreme Court 
ruled that it was constitutional for Tooele 
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County to issue tax-exempt industrial reve- 
nue bonds to finance construction of the 
project’s plant which would be leased to 
the project. However, a high official of 
National Lead stated in December that all 
phases of the project were being reviewed 
carefully. 


Table 2.—Magnesium recovered from scrap processed in the United States, 
by kinds of scrap and forms of recovery 


(Short tons) 
1964 1965 1966 1967 1968 
Kind of scrap: 
New scrap: 
Magnesium-base. ................-.-..- 4,505 6,306 6,462 5,062 7,006 
Aluminum.-base .---------------------- 3,177 8,643 4,127 4,266 e 4,500 
/ ⁰¹ð i a a 7,682 9,949 10,589 9,828 ¢11,506 
Old scrap: 
Magnesium- base 2, 998 2,232 3,321 2,978 2,118 
Aluminum- base. 1,110 1,436 1,219 1,143 e 1,275 
Totalo oeenn ete el 4,108 3,668 4,540 4,116 e 3,388 
Grand total........__-..-----.------- . 11,790 13,617 15,129 18,444 ¢14,894 
Form of recovery: 
Magnesium alloy ingot...................... 2,875 2,138 5,202 8,760 2,502 
Magnesium alloy castings (gross weight) 14 24 39 15 
Magnesium alloy shapes 58 70 108 
Aluminum allovg -2-22-2222 ----------- 4,468 7,947 6,336 6,157 e 9,269 
Zinc and other alloys--_--------------------- 2 28 1 18 
Chemical and other dissipative uses 588 542 281 25 


Cathodic protection 


e Estimate. 


3,749 2,895 
11,790 


64 
3,199 3,942 2,944 


18,617 15,129 19,444  *14,894 


! Figures include secondary magnesium content of both secondary and primary magnesium alloy ingot. 


CONSUMPTION AND USES 


Consumption of magnesium decreased 
5 percent in 1968 to 86,400 tons. Structural 
products accounted for 27 percent of con- 
sumption and distributive or sacrificial 
uses accounted for 73 percent. Use in die 
castings decreased 12 percent to 7,300 tons. 
As in 1967 aluminum alloys accounted for 
the largest use of magnesium, 40 percent 
of total consumption. À contract to supply 
the U.S. Army with 440,000 magnesium 
dry cell batteries was awarded to Clevite 


Corp.'s Burgess Battery Division and Gould 
National's Marathon Battery Division with 
the quantity divided equally between the 
two companies. The magnesium content of 
the batteries was estimated to be one- 
fourth to one-half pound each, or about 
20 percent of the weight of zinc used in 
comparable batteries. The batteries will be 
primary and non-rechargeable. They will 
cost between $10 and $10.50 each. 


MAGNESIUM 
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Table 3.—Consumption of primary magnesium (ingot equivalent and magnesium 
content of magnesium-base alloys) in the United States, by uses 


1967 


1964 1965 1966 1968 
For structural products: 
Castings: 
DONG BEE 2,229 2,959 8,961 r 8,848 8,740 
Die EE 757 5, 599 4, 980 r 8,866 7,337 
Permanent mold. ...................... 782 814 632 r 555 607 
Wrought products: 
Sheet and plate 4,897 4,987 6,075 W 
Extrusions (structural shapes, tubing) 4,419 25, 995 27,100 210,517 211, 280 
orgings__._..... .. K sees 29 W W W 
lr l oe ose Le ——" 17,327 20,304 22,748 1 23, 286 22, 964 
For distributive or sacrificial purposes: 
FPoWdee W w 
Aluminum alloxeg -2-22a 21,880 26,266 80,862 81,244 84,484 
Zinc alloysg-._-.... enean ee EE 99 18 100 53 52 
Other alloy 1,705 2,216 1,975 2,870 W 
venger and deoxidiz err 14 170 195 W W 
Chemicalkkk‚k.lcl c l.. 2,684 8,806 4,604 5,214 W 
Cathodic protection (anodes)...............- 4,988 4,597 4,670 r 4, 855 5,714 
ucing agent for titanium, zirconium, haf- 
nium, uranium, and beryllium ‘.__.____._-- 8,764 8,467 8,429 6,704 6,209 
GM; ul Z ͤðò ĩ eee 2,165 8,660 9,095 717,049 17,004 
Total ketal eee tel deitas 37,421 49,318 59,980 167,489 63, 468 
Grand total... 54,748 69 ,622 82,678 *90,775 86,427 
W Withheld to avoid disclosing individual company confidential data. r Revised. 


1 Includes primary metal to produce small quantities of investment castings. 


2 Includes “Forgings. 


3 Includes “Sheet and plate” and Forgings.“ 


4 Quantity used for reduction of uranium not included in 1964. : 
5 Includes primary metal for experimental purposes, debismuthizing lead, and producing nodular iron, 
secondary magnesium alloys, other alloys, scavengers and deoxidizers, deoxidizers, chemicals and powder. 


PRICES 


The quoted base price of primary mag- 
nesium, in 10,000-pound lots, 42-pound 
slabs, 99.8 percent magnesium, continued 
throughout the year at 35.25 cents per 


pound f.o.b. U.S. plants. GSA accepted 
bids ranging from 28.28 to 33.519 cents 
for surplus magnesium from the national 
stockpile. 


STOCKS 


On December 31, 1968, producer and 
consumer stocks were 7,735 short tons of 
primary magnesium and 2,205 tons of pri- 
mary magnesium alloy ingot, a decrease of 


3,016 tons of primary magnesium and an 
increase of 83 tons of primary magnesium 
alloy ingot, from stocks a year earlier. 


Table 4.—Stocks and consumption of new and old magnesium scrap 
in the United States in 1968 


(Short tons) 


Scrap item Stocks 
Jan. 1 
Cast Scrape eene 525 
Solid wrought scrap !}_...-...---__----.-.--- 2,629 
d Kei EE 8,154 
r Revised 


1 Includes borings, turnings, drosses, etc. 


Consumption 
Receipts Stocks 
New Old Total Dec. 81 
scrap scrap 
2,334 108 2,580 2,688 171 
7,262 8,448 ....... 8,448 1,443 
9,596 8,556 2,580 11,186 1,614 
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FOREIGN TRADE 


Exports of magnesium increased 53 per- 
cent over 1967 levels. Exports to West 
Germany increased 73 percent and 
amounted to 66 percent of total exports. 

Imports for consumption of magnesium 
in all forms decreased to 50 percent of 1967 
imports. Of total imports of about 4,800 
tons, Canada supplied 80 percent; of the 
remainder the United Kingdom supplied 
7 percent and 17 different countries sup- 
plied the remaining 13 percent. 

The import duty on magnesium was 


lowered from 40 to 36 percent ad valorem 
on January 1, 1968, in accordance with 
the Kennedy Round trade agreements. The 
duty on unwrought alloys was lowered 
from 16 cents per pound plus 8 percent 
ad valorem, to 14.4 cents per pound plus 
7 percent ad valorem; and the duty on 
wrought magnesium was lowered from 13.5 
cents per pound plus 7 percent ad valorem, 
to 12 cents per pound plus 6 percent ad 
valorem. 


Table 5.—U.S. exports of magnesium, by classes and countries 
1967 


1968 


Primary metals, Semifabricated Primary metals, 
orms, n.e.c. 


alloys, and 


alloys, and 


Semifabricated 
forms, n.e.c. 


Destination scrap including powder Scrap including powder 

Short Value Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 

Argentina. 124 $66 12 $10 142 $62 1 uius 
Australian 45 25 28 98 160 90 25 377 
Belgium- Luxembourg 8 10 26 39 37 26 45 71 

Brazil «„ 868 455 550 290 1,887 958 (1) (!) 
e oe eee 1,465 962 203 787 1,393 818 435 843 
Fran eee 9 73 23 56 129 72 12 49 
Germany, West 6,999 8,944 4 12 12,113 6,797 2 7 
1111111!jöõĩ]Ä¹.⁴ ⁰⁰ f unio SSRN 6 3 1 3 
!! ³˙·¹AA A -o 8 9 23 47 13 9 35 55 
CH p EN NONU: 310 163 28 42 227 144 24 49 
Jap 95 54 69 165 28 16 57 110 
Mexico... 353 245 59 76 469 339 117 107 
Netherlands. ...............--- 5 9 24 75 57 56 131 649 
CC ˙AAA ha aeS 89 50 1 4 134 75 2 7 
SSS soo ᷑;. m y es Sa 222 124 1 2 132 74 1 (!) 

Sweden 33 24 28 76 49 26 21 60 
United Kingdom. .............- 718 524 21 72 1,158 950 21 57 
Venezuela. ............-....--- 149 128 45 44 177 155 92 78 
Other EENG 273 192 49 88 58 49 72 108 
Total; ˙¹ꝛ ⁰˙ù—n—t 222 LL: 11,989 7,182 1,184 1,983 18,364 10,719 1,098 2,330 


1 Less than 1⁄4 unit. 


Table 6.—U.S. exports and imports for consumption of magnesium 
Exports 


Metal and alloys in crude Semifabricated forms 


Year form and scrap n.e.c. 
Short tons Value Short tons Value 
(thousands) thousands) 
EE 14,869 $8,853 579 $1,387 
J!)... aac 11,989 7,132 1,184 1,988 
3968... 20: Se ³ꝛ w ( ter 18,364 10,719 1,093 2,930 
Imports 
Powder, sheets, 
Metallic and Alloys (magnesium tubing, ribbons, wire, 
scrap content) and other forms 
(magnesium content) 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands sands) sands) 
EE 8,265 $1,613 689 $1,656 5 $36 
190 4... eee eee ee cd r 9,235 r 4,920 354 1,529 r 132 r 422 
ö tee y 4, 086 2,219 705 1,129 25 416 
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WORLD 


World production 1968 continued at 
about. the same level as in 1967. The 
United States produced about 50 percent 
of the estimated world total of 207,000 
tons. 

World producers of magnesium with 
Capacities, processes, and plant locations 
are listed below: 

Canada.—Dominion Magnesium, Ltd., 
the only Canadian producer, announced 
in April that its plant was in full pro- 
duction from 16 furnaces. The company 
had confirmed orders for 13 million pounds 
of magnesium and alloys which was suffi- 


Country Company Capacity Process Plant location 
Canada Dominion Magnesium Ltd.....-.------ 11,800 Silicothermic... Haley, Ontario. 
China, mainland... NA -2-2-22 -2 Mħ[MħŅ ,000 

ere Pechiney (85 percent) Compagnie de 3,900 Silicothermic... Marignac. 
Produits Chimique et 
. Electrometallurgiques, (85 percent) 
and Societe des Produits Azotes 
(SPA) (80 percent). 
Italy Societa Italiana per il Magnesio e Leghe — 7,000 .............. Bolzano. 
di Magnesio. 
Japan............. rukawa Magnesium Co. Ltd......... 6,600 Silicothermic 
UBE Industries, Ltd 2,200 48 Yamaguchi. 
Norway-.....--.-- Heroya Electrojemiske Fabrikker A/S, 87,400 I.G. Farben- Meroya. 
E of Norsk Hydro-Elektrist indlstrie 
U. S. S.. J777J7GGGGͥͤĩÜĩÜtf 0æm y y LAE 50,000 NA. 
United States The Dow Chemical Coo 95,000 Dow cells...... Freeport, Tex. 
Alamet Division, Calumet & Hecla, Inc. 9, 000 Silicothermic... Selma, Ala. 
Titanium Metals Corporation of 12,000 I.G. Farben- Henderson, 
America. Industrie. Nev. 
NA Not available. 
Table 7.—World production of primary magnesium, by countries 
(Short tons) 
Country 1964 1965 1966 1967 1968 P 
eh TEE 9,353 10,108 6,723 r 8,887 9,878 
China, ma inland 1,000 1,000 1,000 1,000 1,000 
NB ose ne Ose ⁵ eee eee 1,090 3,132 3,770 r 4,590 e 4,600 
Germany, West i 550 550 220 2200ͤ;öo 
e ß ß 6, 645 6, 959 r 7,182 6,963 e 7,000 
Japan. ecu ß 3,237 4,172 5,832 7,488 6,236 
NEEN ß icum aee m r 24,251 29,100 r 91,228 33,565 e 85,000 
USSR a 4 8 35,000 36,000 40,000 45,000 45,000 
United Kingdom *......................... 5,264 5,936 r D I U s E E E A EE 
United Staten... e 49,488 81,361 79,794 97,406 98,376 
// AA v erudi 165,878 178,318 179,894 205,069 207,089 


e Estimate. 


P Preliminary. r Revised. 
! Conjectural, 


denoting an order of magnitude. 
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REVIEW 


clent to require full production for the 
remainder of the year. 

Italy.—Compagnia Generale del Mag- 
nesio was planning to build a $12.8 million 
primary magnesium plant near Syracuse 
on the east coast of Sicily. Although Italy 
is the largest Common Market producer of 
magnesium metal, it exports a large part 
of its production to the European Eco- 
nomic Community (EEC) and has no 
surplus available to meet anticipated ex- 
pansion of domestic demand. Fiat is ex- 
pected to increase use of magnesium in its 
future operations. 


? Estimate according to the 54th annual issue of Metal Statistics (Metallgesellschaft), except for 1967. 
3In addition, the following amounts of secondary magnesium were produced: 1964, 2,248; 1965, 4,164; 


1966, 5,228; and 1967, 7,206 metric tons. 
4Primary production suspended June 1966. 
5 Totals are of listed figures only. 
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TECHNOLOGY 


Interest continued at a high level in two 
separate but related problems in the electro- 
lytic winning of magnesium. The first is 
purification and dehydration of magnesium 
chloride from evaporated’ brines; and 
second, design of electrolytic cells and fused 
salt electrolytes. 

Research continued on purification and 
dehydration of magnesium chloride from 
Great Salt Lake and well brines. Bureau of 
Mines research in this field was centered 
at its Salt Lake City Metallurgy Research 
Center. A patent? was issued to Bureau of 
Mines researchers on a process for remov- 
ing sulfate from brines. 

Two patents were issued on methods of 
producing magnesium and chlorine from 
magnesium chloride by electrolysis of a 
fused salt bath. In the first patent š a molten 
salt bath consisting of 5 to 25 percent 
magnesium chloride, 5 to 55 percent 
lithium chloride, and at least one other 
chloride of alkali and alkaline-earth metals 
is used. It differs from the Dow patented 
lithium chloride cell in that the bath has 
a density greater than molten magnesium 
at operating temperature, so the magnesium 
floats instead of sinking. The second patent ‘ 
describes a continuous process wherein 
essentially anhydrous magnesium chloride 
is added to molten salt in a melt cell, dis- 
charged to a charging cell, and thence 
through a feeder manifold to electrolysis 
cells having overflow outlets for establishing 
and maintaining the level of the fused 
electrolyte. The overflow, containing mag- 


nesium and fused electrolyte, is carried 
through closed conduits to a refining cell 
where the metal is separated and the 
electrolyte returned to the charging cell. 

A paper’ was published on methods of 
melting and handling magnesium for die 
casting. A direct melting method is de- 
scribed that reportedly lowers costs to 58 
percent of that using the conventional 
method. 

An experimental, boron fiber-reinforced 
magnesium panel was described.“ Experi- 
mental magnesium-boron composites con- 
taining 30 percent by volume of boron 
filaments had higher specific strength prop- 
erties than any material currently used for 
aerospace structures. Magnesium is chemi- 
cally compatible with boron so there was 
little degradation of filament properties 
during fabrication. Tensile strength was 
138,000 and 110,000 pounds per square 
inch, at room temperature and at 750° F, 
respectively. 


3 George, D’Arcy R., and James M. Riley 
(assigned to U.S. Department of the Interior). 
Sulfate Removal From Brines. U.S. Pat. 3,378,836, 
June 16, 1968. 

3 Love, Frank E. (assigned to National Lead 
Co.)  Electrolytic Production of Magnesium 
Metal from a Fluoride-Free Bath. U.S. Patent 
8,389,062, June 18, 1968. 

* Love, Frank E. (assigned to National Lead 
Co.) Continuous Process for Producing Magne- 
sium Metal from Magnesium Chloride Including 
Fused Bath Electrolysis. U.S. Patent 3,418,228, 
Dec. 24, 1968. 

5 P. H. Krohn, Latest Methods for Melting 
and Handling of Magnesium for Die Casting. 
Light Metal Age, Nos. 1112, November- 
December 1968. 

° Materials Engineering. V. 67. No. 1, January 
1968, p. 58. 
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Magnesium Compounds 


By John W. Cole! 


The increase in production of magnesia 
from sea water continued to exert com- 
petitive pressure on producers of magne- 
site. Operation of a new magnesia-from- 
seawater plant was started on the west 


coast of Newfoundland, and construction 
was initiated on a similar plant in Ireland. 
On the other hand, one of the two active 
magnesite mining operations in the United 
States was closed. 


Table 1.—Salient magnesium compounds statistics 


(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 
Caustic-calcined and specified magnesias:! 
Shipments: 
Quantity Jl... u. . u eee 84 90 99 114 185 
or.... nuoc uus $8,562 $9,163 $9,686 $11,250 $12,226 
Imports for consumption:? 
GNC ou 8 $493 $592 $748 $585 $758 
Exports:? 
CCC $1,654 $1,637 $1,627 $2,095 $2,801 
Relraciory magnesia: 
Sold and used by producers: 
Quantity TRU NT Nr ac 8 897 852 688 661 
E RING ciones sete 8 $49,220 $56,100 $52,290 $483,148 $44 , 585 
xports: 
Ve 22 ce eee ENESES $5,554 $5,912 $6,208 $5,889 $4,706 
Imports: 
ili $3,180 $4,214 $8,139 $5,171 $6,179 
Dead-burned dolomite: 
Sold and used by producers: 
Quentity JF a A 2,168 2,176 2,193 1,880 1,833 
I QING. onus ooi eei $37, 961 $39,606 $39,725 $34,088 $31,627 
mports: 
Chr $1,165 $2,385 32, 038 $1,832 $1,552 
World: Crude magnesite: 
Production: Quantity................- 10,516 11,072 11,106 11,339 11,145 


1 Excludes caustic-calcined V tea used in production of refractory magnesia. 


2 Caustic-calcined magnesia only 


DOMESTIC PRODUCTION 


Nevada and Washington supplied all of 
the crude magnesite produced in 1968. 
Basic, Inc., the only producer in Nevada, 
also reported some production of brucite 
from its Gabbs, Nev., property. The North- 
west Magnesite Co. operation at Chewelah, 
Wash., was shut down in mid-1968, as 
scheduled because of competition from 
lower cost imported magnesium products. 
Northwest Magnesite Co. is a subsidiary of 
Harbinson-Walker Refractories Co. which 


merged with Dresser Industries, Inc. in 


1967. 

Approximately 87 percent of the dead- 
burned dolomite was produced in Ohio, 
Illinois, Louisiana, Pennsylvania, and West 
Virginia. Crude olivine was produced in 
Washington and North Carolina. Total 
production was about the same as 1967. 


1 Physical scientist, Division of Mineral Studies. 
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Michigan led in the production of 
refractory magnesia from well brines, sea 
water, or dolomite. Refractory magnesia 
from the same sources also was produced 
in California, Florida, Mississippi, New 
Jersey, and Texas. Nevada led in the pro- 
duction of refractory magnesia from mag- 
nesite and brucite; Washington was second. 

Producers sold 332,620 tons of refractory 
magnesia in 1968 and consumed 328,271 
tons in their own plants for a total pro- 
duction of 660,891 tons valued at $44.5 
million, compared with 687,705 tons in 
1967 valued at $43.1 million. The unit 
value of shipments was applied to pro- 
ducers consumption to calculate a total 
value. 

Production of hydrous magnesium sul- 
fate declined 10 percent and magnesium 
trisilicate. 53 percent. Small quantities of 
magnesium nitrate, magnesium phosphate, 
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magnesium acetate and anhydrous mag- 
nesium sulfate also were produced. 

The Port St. Joe facilities of Michigan 
Chemical Corp. were purchased by Basic, 
Inc., for about $1.25 million. The plant has 
an annual capacity of 60,000 tons of re- 
fractory and chemical grade magnesia from 
sea water and lime. 

Standard Lime and Magnesia, sub- 
sidiary of Martin Marietta Corp., installed 
facilities at its Manistee, Mich., plant for 
production of a complete line of caustic- 
calcined magnesias. Also it installed a new 
shaft kiln for production of plus 98 per- 
cent MgO periclase. 

FMC Corp. announced that its Inorganic 
Chemical Division was trying to sell its 
magnesium oxide plant in Newark, Calif. 
No buyer was found and the operation was 
closed down at yearend. The plant em- 
ployed about 125. 


Table 2.—Dead-burned dolomite sold in and imported into the United States 


(Thousand short tons and thousand dollars) 


Year 


Sales of domestic product Imports 

Quantity Value Quantity Value 
2,168 $87 ,961 29 31, 165 
2,176 39, 606 55 „885 
2,198 39, 725 44 2,038 
1,880 34,088 42 1,832 
1,888 81,627 83 , 552 


ep e» 4D wb db 4» — 4 gem GOD em gr dr OD — gp a XD em a s em gr D C» XD <. 22 CD XD COD c CO» dp em gen ep 


CONSUMPTION AND USES 


Consumption of refractory magnesia, 
both single-burned and  double-burned, 
decreased 4 percent to 660,891 tons. The 
decrease was due to technologic improve- 
ments in the steel industry that are lower- 
ing the quantities of refractory used per 
unit of steel production. 

Consumption of caustic calcined mag- 
nesia, excluding consumption as an inter- 
mediate material in the production of 
refractory magnesia, increased 20 percent 
to 126,000 tons. 

Most of magnesium hydroxide was con- 
sumed in production of other magnesium 


compounds and magnesium metal. About 
67,000 tons, however, was shipped to other 
industries including wood pulp mills. 

Consumption of hydrous magnesium 
sulfate increased 6 percent; that of mag- 
nesium trisilicate decreased 49 percent. 
Consumption of anhydrous magnesium 
chloride, principally for the production 
of magnesium metal, increased 3 percent, 
and hydrous magnesium chloride increased 
11 percent. | | 

Consumption of olivine, used principally 
in molding sand mixtures, decreased 1 
percent. 
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MAGNESIUM COMPOUNDS 


Table 3.—Magnesium compounds shipped and used in the United States 


Shipped and used 
Year and product Plants 
Short Value 
tons (thousands) 
1967: | 

Refractory magnesia ) 12 687,705 1 $48,148 
Caustic-calcined ? and Specified (U. S. P. and technical) magnesias....... 10 114,247 11,250 
Magnesium hydroxide (100 percent Mg(OH)2)2______.._____-_--__--_-- r9 65,463 2,688 
Magnesium chloride „„ 6 2382, 929 26,896 
Precipitated magnesium carbonate: a 5 r 8,663 NA 
Refractory /⅛' iii: cies ttc o·.ꝗſſſd d ee 12 660,891 $44,535 
Caustic-calcined ? and Specified (U. S. P. and technical) magnesias....... 10 135,469 „226 
Magnesium 5 (100 percent Mg (OH) 2) 22: 9 67,048 2,475 
Magnesium E 6 3894,287 27,147 


Precipitated magnesium carbonatꝶ 2... 2 2L LLL. l2.lll-- 5 8,791 NA 


r Revised. NA Not available. 

! Includes both single-burned and double-burned. 

? Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 

3 procu on a 1967, 389,686 tons; 1968, 409,795; includes magnesium chloride used in production of 
magnesium me 


Table 4.—Domestic consumption of caustic-calcined magnesia 
and specified magnesias by uses 


(Percent) 
Use 1967 1968 
Chemical e 10 11 
Fertiligep ß e f a Se e eich 4 6 
85-percent MgO insulation 1 1 
Oxychloride and oxysulfate cementtnsn Ll LL ~~~ eee 10 10 
En anc 77 ³⁰˙·»A ³⁰ EUN EE 13 12 
0 ³·Ü¹ wm ˖ ; ð mm 8 12 10 
Ru be. )( MM EL ³wüw.ww DL 8 11 8 
Other: Electrical, medicinal, flux, ceramic, glass, sugar, animal feed, fuel additive, 
water treatment, and uranium processing... oc es J. U Ul EE e 89 42 
PRICES 
Prices were unchanged for all grades of increased from $2.45 to $2.71. U.S. P. 


magnesia and dead-burned magnesia, ac- 
cording to the Oil, 
porter. The price of magnesium sulfate, 
technical, 100-pound bags, carlots, works, 


FOREIGN 


Exports of dead-burned magnesite and 
magnesia declined 11 percent, continuing 
the downward trend started in 1965. 
Deliveries to Canada and Venezuela in- 
creased, but deliveries to Mexico decreased 
about 40 percent. 

Imports of lump or ground caustic- 
calcined magnesia increased 30 percent. 


Paint and Drug Re- 


crystalline grade in carlots increased from 
$2.65 to $2.92. Both quotations were in- 
creased on October 7. 


TRADE 


Imports of dead-burned and grain magnesia 
and periclase (containing not over 4 per- 
cent lime) increased 14 percent but the 
same category containing over 4 percent 
lime decreased 21 percent. Total imports 


were only 1 percent higher than those in 
1967. 
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Table 5.—U.S. exports of magnesite and magnesia, by countries 


Magnesite and magnesia, 
dead-burned 


Destination 1967 1968 

Short Value Short Value 

tons (thou- tons (thou- 

sands) sands) 
Argentinnae˖.e. 278 $22 293 $27 
C öÜéÜ1ê coo eme 2,908 174 1,802 92 
Belgium-Luxembourg............. 80 104 
Le FT TEE 19,688 2,121 25,506 2,829 
Lë NEE 711 55 889 66 
Ser; ees 19 eee uz 
Costa Ries 200 12. cos “neocon 
eni apk EES 2 1 
El Salvador.....................- 450 27 445 27 
Fh ³o¹w. ⁰⁰ð «cowie 8 1 
Germany, West 126 67 102 50 
HONGUras see yy Am 
Da... EE E 1 A ieee: os 
Jö; aa a E 31 3 5 1 
Japan. u : A ðͤ v 31 12 
Meese E 31,776 2,525 19,092 1,276 
Netherlands 100 3 
New Zealand... ...........-.-.-.-. ---.-. ------ 1 
OPN T. ĩ MEL 1,870 127 1,102 70 

Philippines (1) (1) 

South Africa, Republic of 88 51 86 59 
DOIN cuu xu m y 8 Í. use) 8 
Sweden... 2.225222: ĩ 8 225 68 39 25 
Switzerland u l ll lU. ³o»om m é mwvv hdd a cuc utes 
United Kingdom 555 282 867 184 
Venezuela 5,084 884 7,318 471 
Gh 8 06 20 5 11 
er ete sz 64,369 5,889 57,157 4,706 


Short Value 


Magnesite, n.e.c. including crude, 


caustic-calcined, lump or ground 


1967 1968 


Short Value 
tons (thou- tons (thou- 


sands) sands) 
83 $15 27 18 
946 286 584 97 
18 24 
1,987 135 1,666 184 
138 29 159 44 
396 28 381 15 
52 32 28 17 
188 79 155 66 
650 386 754 428 
265 dl. code, ` weer 
16 7 7 4 
10 5 16 10 
240 91 286 110 
11 5 76 58 
684 65 507 51 
9 38 192 34 
86 53 151 94 
10 1 1 1 
62 17 214 42 
82 48 113 62 
30 15 93 89 
98 51 171 106 
5 24 45 19 
1,018 588 969 518 
29 40 290 40 
286 65 261 71 


1 Less than 1⁄4 unit. 
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Table 6.—U.S. imports for consumption of crude and processed magnesite, by countries 


1967 1968 
Country Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
Crude magnesite: India 327 J. oues 
Lump or ground caustic-calcined magnesia: i 
Australa o ³] ] : Tu : 6 LL d 1,220 110 1,361 $188 
EECHER ee a 948 35 1,082 41 
Belgium- Luxembourg 110 7 
P)7öĩ[X6r⁵ ra et eed LL aaa 5 1,184 89 
ING IB E eer E i D Cn umu ee ee eh a 4,462 278 5,021 819 
i EE E OE 99 7 10 9 
New Zeala dd 50 D. <hscccts 8 
FFF zz z a owes se sets EE 1,949 128 2,514 141 
jg LLL EI" eee. T PES 55 4 
Nusa. 8 330 15 831 15 
WK DEE 9,169 585 11,788 758 
Dead-burned and grain magnesia and periclase: i 
Not containing lime or containing not over 4 percent lime: 
ue NEUEM 0,834 612. 8 
Canada. e eae eS 116 18 82 12 
, ß ß Ee dde 47 19 
BOBO. o le Dh ĩͤ y ĩ 31,254 2,405 64,189 4, 778 
JCöĩÄ;]! x a ME 54 12,316 
JJöõö˙ĩ5d:!] vz v 22, 639 1,408 7,554 369 
Netherlands EE EE S9. © Al eene, geed 
u J3J2J322 y AA ĩ 6,938 Sr es 
United Kings. esses (9 20 
sn ence eee sto Sees 8,410 165 2,146 101 
TOL] ncmo yu, ⅛ð 8 16,046 5,171 86,354 6,179 
Containing over 4 percent lime 
6111 ˙¹wꝛmꝛ— ͤ·⸗ ͤũͤꝝ! TERCER 25,911 1,040" 26252258: 8 
[AMAA EE 830 798 42 
M ESSERE RP E 571 J Bee a 
erlangen —?'ö 33 Ti. unica. Sees 
. VENERE ace oA ne, cee tage Nt Ree UO ERE 15,062 692 82,705 1,510 
C] ³Ü¹Ü⁰ꝛwmi ⁰˙.i ⅛ĩ˖²¾i‚ t E i 42,413 1,832 33,498 1,552 
Grand total. 118,459 7,008 119,852 7,781 
1 Less than 16 unit. 
Table 7.—U.S. imports for consumption of magnesium compounds 
Oxide or Magnesium Magnesium mE sulfate Ma esium ot 
calcined carbonate chloride (epsom salts compounds 
x magnesia (precipitated) (anhydrous) kieserite) n.s.p.f.! 
ear TES NACE S MAT a lb ⁵ EE eee D MAGNUS CH ee ee S 
Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) sands) 
1966.......... 76 $85 1,090 $218 176 $29 r 55,950 r $651 L. Oe $79 
1967. 64 81 900 178 451 81 * 82,274 r 404 127 
1968. 585 188 1,269 222 480 92 44,261 644 2. 799 185 
r Revised to include kieserite. 


! Not specifically provided for; includes magnesium silicofluoride or fluosilicate and calcined magnesia. 
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Austria.—Hochfilzen Magnesite Mine, in 
the Austrian Tyrol between Zell and 
Kitzbiil south of Salzburg has been the 
source of raw magnesite since August 1959 
and calcined magnesite since January 1960. 
Currently, the mine produces 450,000 tons 
per year of magnesite, the second largest 
magnesite mine in the world (after Sadka 
in the Urals), and it accounts for 26 
percent of Australian production. It was 
planned to raise the output to 900,000 
to 1,000,000 tons per year and by yearend 
1968, most of the needed equipment was 
already installed. 


Canada.—The Aluminum Company of 
Canada, Ltd., began to phase out operation 
of its magnesite-lime mine and plant at 
Wakefield, Quebec. Brucitic limestone has 
been mined and processed since 1942 to 
produce magnesium hydroxide and cal- 
cined magnesia. The facility has become 
uneconomical and recently has been operat- 
ing at a loss. 


Table 8.—World production 
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REVIEW 


The Sea Mining Corp., Ltd., plant to 
produce magnesium hydroxide from sea 
water and lime was completed at Aqua- 
thuna, near Stephenville, on the west coast 
of Newfoundland. The first shipment of 
500,000 pounds of magnesium hydroxide 
was made to an American firm in Decem- 
ber. The Sea Mining Corp., Ltd., is owned 
by Joseph R. Smallwood and Continental 
Ore Corp. (recently merged with Inter- 
national Minerals & Chemical Corp.). The 
Newfoundland Government guaranteed $2.6 
million in loans to the corporation. About 
20 men are employed. Production will be 
at the rate of about 100 tons per day of 
magnesium hydroxide. The principal cus- 
tomers will be paper pulp mills along the 
St. Lawrence Seaway and the eastern coast 
of the United States. 


Ireland.—The first project in the Re- 
public of Ireland to extract magnesia from 
seawater and dolomite and convert it into 
refractory grade magnesia was under con- 


of magnesite, by countries? 


(Short tons) 


Country 1964 1965 1966 1967 1968 » 
North America: United States W W W W W 
South America: 
i EEN 103,331 137,394 140,071 120,430 120,000 
Colombia 243 209 e 210 e 210 NA 
Europe: 
AU dcos ⁰⁰ 1,826,058 2,001,863 1,779,829 1,692,886 1,704,928 
Czechoslovakia 1,858,047 2,029,154 72,095,221 2,322,331 2, 000, 000 
(eS: S- 1 A oe „054 347,453 413, 366 524, 476 e 550,000 
Italy EEN 6,954 3,898 2,867 5,445 .........- 
Poland. o eoo uia ese clas 41,888 46,297 e 46,000 e 46,000 46,000 
BIN hr a u ee eee te 102 , 874 111,944 e 110,000 e 110,000 110,000 
S S RCs cM xmd 8 8,090,000 3,200,000 8,200,000 8,300,000 E ,000 
n Vugoslsvig 548,311 79,750 580,570 68,219 441,272 
rica: 
KeonyaR. -.Lollenzcescsa Rn tees . 187 14 747 465 NA 
Rhodesia, Southern 42,410 39,242 e 38,000 NA NA 
South Africa, Republic o 93,448 95,789 102,847 88,199 65,915 
uda e ß ß are RE 8,307 8,30 NA 
i Tanzania... ðVud ĩ 546 1,260 5,270 2,246 NA 
a: 
China, mainiand *...............- 1,100,000 1,100,000 1,100,000 880 ,000 990 ,000 
i! ĩðâ ĩðͤ E S 29,210 r 264, 346 r 255, 650 270, 898 278 , 264 
Mee tah es EE aD ROM 6,083 f 6, e 6,60 7,000 
Korea, Norche 990,000 990,000 1,100,000 1,875,000 1,875,000 
akistan.. ³˙¹oꝛ⁴ià ²˙¹ ever esis 68 577 812 2,2 e 2,200 
Firn 88 43,065 83,320 r 106,934 93,651 129,742 
Oceania: 
e . el e 85,001 29,525 21,908 26 ,492 25,000 
New Zealand... ...............-- 67 937 624 686 NA 
ee!!! J. ul ul us oO L s r 10,516,0017 11,071,791 11, 106,018 * 11,889,226 11,145,316 
e Estimate. P Preliminary. t Revised. NA Not available. W Withheld to avoid disclosing in- 


dividual company confidential data. 


1 Quantities in this table represent crude salable magnesite. Magnesite is also produced in Bulgaria and 


Canada, but data on 


roduction are not available. 
* Total is of listed figures 


only. 
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struction. A $6.5 million installation at 
Ballynacounty Point, County Waterford, 
will pump sea water from Dungarvan 
harbour. The 75,000-ton-per-year plant is 
owned by Quigley Magnesite, Ltd., sub- 
sidiary of Quigley Co., Inc., which itself is 
a subsidiary of Chas. Pfizer & Co., Inc. 

Dolomite will be mined, crushed, and 
sized at quarries in Bennetsbridge, Kil- 
kenny, and transported to the Waterford 
plant by rail. 


U.S.S.R.—A deposit of crystalline mag- 
nesite, claimed to be the world’s largest, 
has been discovered in the Savan Mountains 
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of eastern Siberia. Reserves of 2 billion tons 
are estimated. 


Venezuela.—The Margarita Island mag- 
nesite deposits which are reported to con- 
tain 5.5 million tons of magnesite came a 
step closer to production. The Ministry of 
Mines and Hydrocarbons (MMH), the 
Venezuelan Development Corp. (CVF), 
and owners of Loma de Guerra magnesite 
properties signed a $90,000 contract with 
Prospection, Ltd., of Canada, whereby the 
Toronto firm will examine the feasibility 
of mining the magnesite. 


Seawater magnesia plants of the world by country, company, and capacity are listed 


as follows: 


Country Location Company Capacit 
(short tons Neo) 

Canada Aquathuna, Newfoundland. Sea Mining Corp., Ltd 30, 000 
Ireland Dungarvan. ....-.--------- Quigley Magnesite, Ltd. ........-- 75,000 
Italy.....-------- Sardinia. coos 88 Steetley Magnesite Co., Ltd 55,000 
Mexico fee Vera Cruz Quimica del Mar, S. AA 50,000 
Norway.......... Hero ya Norsk Hydro-Elektrisk............ 60,000 
United 1 Kingdom. - Hartlepool: England........ Steetley Magnesite Co., Ltd 250,000 
SS. MENU NDS !üöũſſ ᷣ ͤ ͤ DCN EE 100, 000 
[Cape May, N. JJ. Northwest Magnesite Coo 50, 000 
Port St. Joe, Fis ` Basic, Ine 2... . 60, 000 
United States 4 Pascagoula, Miss H. K. Porter Co., Ine 50,000 
|Freeport, Tek The Dow Dhemical Co 250,000 
| Moss Landing, Cali Kaiser Aluminum & Chemical Corp- 150,000 
Tolal....c2coicenicuccoosuuenz e ↄ ] dd EA 1, 180, 000 

NA Not available. 
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Manganese 


By Gilbert L. DeHuff 1 


Domestic shipments of manganese ore— 
that is, ore, concentrate, and nodules, con- 
taining 35 percent or more manganese— 
continued to be insignificant compared with 
consumption. Prices continued soft, and 
ore imports were somewhat lower than 
those of the preceding year. Ferroman- 
ganese imports remained at approximately 
the same level. Australia’s new Groote 
Eylandt deposits became a major supplier 
of manganese ore for both local consump- 
tion and export. 


In midyear, a contract was awarded for the 
production of approximately 45,500 short 
tons of silicomanganese from government- 
owned manganese ore stockpiled at Johns- 
town, Pa. Conversion was to be completed 
by June 15, 1970, with payment to be made 
in surplus manganese ore from the same 
stockpile. Deliveries of medium carbon 
ferromanganese were made to the Govern- 
ment on another upgrading contract, en- 
tered into in August 1967, calling for the 
production of 36,000 short tons of the alloy 
by June 30, 1971. A revised national 


stockpile specification, P-109—R 1, for silico- 
manganese was issued April 10, 1968. The 
range for silicon content was raised to 
18.50-21.00 percent from 18.00—20.00 per- 
cent, and some changes were made with 
regard to content of extraneous elements. 

No sealed-bid offerings were made by 
General Services Administration (GSA) 
for the sale of manganese ore in 1968, but 
74,000 short tons of metallurgical ore was 
sold during the year on a negotiated basis, 
largely for long-term delivery. 

Following application May 24, 1968, 
under Section 232 of the Trade Expansion 
Act of 1962 by members of the electric- 
furnace ferroalloy Industry, the Director 
of the Office of Emergency Planning (now 
the Office of Emergency Preparedness) 
ordered an investigation to determine 
whether certain ferroalloy imports are 
damaging to the national security. Standard 
ferromanganese, medium carbon ferroman- 
ganese, and silicomanganese, were among 
the alloys claimed to be most seriously in 
need of consideration. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient manganese statistics in the United States 


(Short tons) 
1964 1965 1966 1967 1968 
Manganese ore (35 percent or 
more Mn): 
Production (shipments): 
Metallurgi call 19, 126 22, 871 W W 10, 536 
Batte / 6,93 6,387 w w 842 
Nas!!! 26,058 29,258 14,406 12, 585 11,378 
Imports, general 2,064,990 2,575,229 2, 553, 704 2,058, 691 1,827,626 
Consumption 2, 241, 756 2,872, 720 2, 870, 516 2,382, 984 2,228,412 
Manganiferous ore (5 to 35 
percent Mn): 
Production fanipmente) 3 288 , 776 832 , 768 824,926 289,160 244,590 
Ferromangan 
Production. 929, 486 1,148,011 946,210 940,927 879,962 
i n e nre 8,908 8,273 545 1,861 8,710 
Imports for consumption 212,629 257, 339 251.972 216,279 207, 677 
Consumption 1,007, 623 1,040,502 1,048,429 982,130 1,016,559 


W Withheld to avoid disclosing individual company confidential data. 
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Taylor-Knapp Co., Philipsburg, Mont., 
shipped natural battery-grade ore from its 
stocks, and The Anaconda . Ccmpany 
shipped metallurgical oxide nodules made 
previously from Montana carbonate ore. 
Goret and Aguilar, Inc., produced man- 
ganese ore containing 35 percent or more 
manganese at the Nancy No. 1 mine in the 
Luis Lopez district, Socorro County, 
N.Mex. The ore was concentrated at the 
firm’s mill at Socorro before shipment. 

Low-grade manganese ores (ferruginous 
manganese ores, middlings, and concen- 
trates) containing 10 to 35 percent man- 
ganese were shipped from Minnesota, Mon- 


tana, and New Mexico, and a relatively 
small quantity of manganiferous iron ore 
or concentrate containing 5 to 10 percent 
manganese was shipped from Minnesota. 
All Minnesota shipments were from the 
Cuyuna Range. Manganiferous zinc resi- 
duum was produced from New Jersey zinc 
ores. 

Discovery was reported of an extensive 
deposit of small manganese-iron pellets ly- 
ing in sand off the Michigan and Wisconsin 
shores of Green Bay, Lake Michigan, at 
depths of 50 to 100 feet. From analysis of 
200 samples, the pellets appeared to have 
an average manganese content of 9 percent. 


Table 2.—Manganese and manganiferous ore shipped in the United States, by States 


(Short tons) 
1967 1968 
Type and State 
Gross Manganese Gross Manganese 
weight content weight content 
Manganese ore (35 percent or more Mn, na- 
ere t 4,649 2,484 
San.... RR : i 
New Mexico. . -2-2-2-2 ) 12,585 6,084 I 6,729 3,133 
%%% ͤ AAA t eic dos 12,585 6,084 11,378 5,567 
ä — ——ə ——  —— - — V. 
Manganiferous ore: 
erruginous manganese ore (10 to 35 per- 
cent Mn, natural): 
Coloradó. l... ses ll nuez RE EC 321 S7 mee 
Minnesot aaa 236, 753 34, 475 190, 058 27,087 
Montannm azza... 2,7 456 2,0 42 
New Mexico o 49, 323 5, 529 50, 681 5, 504 
poc — cess 289,160 40,524 242,802 82,964 
Manganiferous iron ore (5 to 10 percent 
Mn, natural): 
Mi ð]i ² y EE deele 1,788 123 
Total manganiferous ore...........:... 289,160 40,524 244,590 33,087 
Value manganese and manganiferous 
DOPO. S Sct vade $2,629,421 ........... $2,407,619 ........... 


1 Shipments are used es the measure of manganese production for compiling U.S. mineral production value. 


They are taken 


li con idered to be in marketable form for the consumer. 


Besides direct-shipping ore, they include, without duplication, concentrate and nodules made from domestic 


ores. 


CONSUMPTION, USES, AND STOCKS 


In the production of raw steel (ingots, 
continuous or pressure cast blooms, billets, 
slabs, etc., and including steel castings), 
consumption of manganese as ferroalloys, 
metal, and direct-charged ore per short ton 
of raw steel produced was 13.6 pounds. 
Of this total, 11.7 pounds was ferrroman- 
ganese; 1.6 pounds, silicomanganese; 0.08 
pounds, spiegeleisen; and 0.25 pounds, man- 
ganese metal. The comparable 1967 total, 


on the same basis, is 13.6 pounds with 
ferromanganese at 11.7, silicomanganese 
at 1.6, spiegeleisen at 0.05, and metal at 
0.25. 

Foote Mineral Co. adopted a new orga- 
nizational structure early in 1968. Its 
Vancoram Division (formerly Vanadium 
Corporation of America) was combined 
with its electrolytic manganese operations 
to form a new Metallurgical Products Divi- 


MANGANESE 


sion. The former Keokuk Electro-Metals 
operation remained apart as its Kemco 
Division, and other operations of the com- 
pany were placed in a new Chemicals and 
Minerals Division. 


Electrolytic Manganese and Manganese 
Metal.—It can be assumed that virtually 
all the manganese metal consumed, pro- 
duced, and imported in the United States 
was electrolytic metal. The new electro- 
lytic manganese plant of Foote Mineral Co. 
at New Johnsonville, Tenn., went on stream 
in May and reached capacity in the last 
quarter of the year. This brought the com- 
pany’s annual metal production capacity 
close to 25,000 short tons. Foote’s two 
Knoxville, Tenn., plants were closed by a 
lengthy strike beginning May 1, 1968, and 
operations were not resumed until Decem- 
ber. American Potash & Chemical Corp. 
(wholly owned subsidiary of Kerr-McGee 
Corp.) at Hamilton (Aberdeen), Miss., and 
Union Carbide Corp. at Marietta, Ohio, 
continued to be the only other domestic 
producers. 


Ferromanganese.— The Lynchburg ( Reu- 
-sens), Va., plant of E. J. Lavino & Co. 
(International Minerals & Chemical 
Corp.) remained out of production through- 
out the year. U.S. shipments of ferro- 
manganese totaled 833,160 short tons com- 
pared with 870,781 tons in 1967. The 
quantity of ferromanganese made in blast 
furnaces was one and three quarters that 
made in electric furnaces. 


Silicomanganese.—Production of silico- 
manganese in the United States was 
284,000 short tons, compared with 246,000 
tons in 1967. Shipments from furnaces 
were 262,000 tons compared with 240,000 


685 
tons in 1967. The ratio of consumption of 


silicomanganese to consumption of ferro- 
manganese remained at 16 percent. 


Spiegeleisen.— The New Jersey Zinc Co. 
continued to produce spiegeleisen solely by 
electric furnaces at Palmerton, Pa. 


Pig Iron.—In producing pig iron, 537,000 
short tons of manganese-bearing ores con- 
taining over 5 percent manganese (natural) 
were consumed. Domestic sources supplied 
454,000 tons, of which 314,000 tons were 
manganiferous iron ore containing 5 to 10 
percent manganese, and 140,000 tons were 
ferruginous manganese ore containing 10 to 
35 percent manganese. Foreign sources sup- 
plied 83,000 tons, of which 55,000 tons 
were manganiferous iron ore, 2,000 tons 
were ferruginous manganese ore, and 26,000 
tons contained more than 35 percent 
manganese. 


Battery and Miscellaneous Industries.—- 
The ore reported in table 3 includes that 
consumed in making synthetic manganese 
dioxide, but does not include consumption 
of the synthetic dioxide. American Potash 
& Chemical Corp. completed expansion of 
its synthetic (electrolytic) manganese di- 
oxide plant at Henderson, Nev., to a 10,000- 
short-ton-per-year capacity. Although some 
synthetic manganese dioxide is used for 
chemical purposes, most of it is used in the 
manufacture of dry cell batteries. 

The domestic ore and much of the for- 
eign ore used for chemical and miscella- 
neous purposes did not meet national 
stockpile specification P-81-R for chemical- 
grade ore. 

Marathon Battery Co., Wausau, Wis., a 
consumer of manganese ore to produce dry 
cell batteries, was merged into Gould- 


Table 3.—U.S. consumption and stocks of manganese ore’ 


(Short tons) 


Use 


Manganese alloys and metal 
Pig iron and steel 


1 Containing 35 percent or more manganese (natural). 


2 Excluding Government stocks. 
3 Excludes small tonnages of dealers' stocks. 


CREE em 45 UD ub ° um e ou a» "UP «b s ep - ep em o UD — «m 4 ep um 4» 4 waa em 


Dry cells, chemicals and miscellanoeus. ............- 


Stocks 


Consumption Dec. 31, 1968 ? 

(includin 

1967 1968 bond 
warehouses) 
ac et i 2,187,364 2,028,567 1,702,796 
ni ge ur uo ,988 ,167 „671 
„„ 152,232 172,678 79,856 
5 2, 382, 984 2,228,412 31,801, 323 


š 
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Table 4.—Consumption, by end uses, and stocks of manganese ferroalloys 
and metal in the United States 


(Short tons, gross weight) 


Ferromanganese 
Silico- Spiegel- Manga- 
Use High Medium manga- eisen nese 
carbon and low nese metal ! 
carbon 

1967 

Steel (Ingots and Castings): 
igh speed and tool 384 73 13 35 
Stainless steel. l Shee 1,040 2,608 9,791 W 6.654 
Alloy (excluding stainless and tool)... 130,639 29,141 24,129 8,192 2,782 
Carbon steel 602 ,489 82,058 105,468 12,958 5,608 
Other steel 2,202 1,014 848 W 
Cast Irons e MMC ES Oe ee nee 11,681 1,278 2,592 10,350 36 
Welding and hardfacing rods and materials 1,759 840 11281 1,163 
Nonferrous allo ys 78 204 9988 sLsu ! 5,708 
iscellaneous and unapecifed ..---.------- 97,877 14,180 15,683 2,869 2,157 
OUR SE 851,249 130,881 159,905 29,369 24,048 
Stocks December 31, 1967 22 274,942 34, 977 28,870 34, 709 5,236 

— —[ 

1968 

` Steel (Ingots and Castings): 
High speed and tool..................- 337 6  . B ois 83 
Stainless oteel -220-0 .----- 1,256 2,839 10,22 w 6,908 

Alloy (excluding stainless and tool) 103, 578 22, 560 80,018 1,687 ,90 
arbon steel 706,892 76,429 107, 890 11,428 6,362 
Other steel 1,964 w ( W 
Cast Iron... —«?-ͥ—) 9,944 1,829 2,981 13 ,920 5 
Welding and hardfacing rods and materials. . . 2,081 408 R 1. 102 
Nonferrous Alloy 4,277 W 6 6,462 
Miscellaneous and unspecifled. .............. 76,949 6,203 12,839 1,078 1,582 
— — ——  —— —À 

gir z. ¿ususi 907,228 109,331 164,632 28,108 25,708 
Stocks December 31, 1968 . 283,137 17,762 86,659 88,432 7,108 


N to avoid disclosing individual company confidential data, included in Miscellaneous and un 
specified. 

1 Virtually all electrolytic. 

2 Industry stocks held by producers, consumers, and bonded warehouses. 


Table 5.—Ferromanganese produced in the United States and 
metalliferous materials’ consumed in its manufacture 


Ferromanganese produced Materials consumed 

Manganese ore (35 Manganese 

Gross Manganese content percent or more Mn ore used per 

Year weight natural) ? ton of ferro- 

(short — b Mb —————————— —————-. manganese 8 

tons) Percent Short tons Foreign Domestic made 

(short tons (short tons) (short tons) 

196444. 929, 486 š 722, 752 2,082, 074 10, 371 2.2 
19685... coxanex 1,148,011 77.8 892, 725 2, 692, 290 12,067 2.8 
1966__............ 946,210 78.7 744,359 2,183,925 80,043 2.2 
1901... 88 940,927 78.2 735,177 2,182,99 4,367 2.3 
1968... m:» ů 879, 962 78.0 686,370 2,018,360 15,207 2.3 


1 Excluding scrap and other secondary materials. 
3 Includes ore used in producing silicomanganese and metal. 
3 Includes ore used in producing silicomanganese. 


National Batteries, Inc., a producer of 
lead-acid and alkaline batteries. In May, 
the Marathon division and the Alkaline 
Battery division, St. Paul, Minn., were com- 
bined into one division under the name of 
Gould Marathon Battery Co. 

Howmet Corp. divested itself of its min- 
erals operations, including its plants at 
Brownsville, Tex., Lynchburg, Va., Camden, 


N.]. and Conshohocken, Pa. Manganese 
ores were among the minerals processed. 
A newly reconstituted Frank Samuel & Co., 
Inc., with Combustion Engineering Inc. as 
the majority stockholder, was the buyer. 
The original Frank Samuel & Co. became 
a part of Howmet minerals and refractories 
division in or about 1965. 
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PRICES 


Manganese Ore.—All manganese ore 
prices are negotiated, being dependent in 
part on the characteristics and quantity of 
ore offered, delivery terms, and fluctuating 
shipping rates. American Metal Market 
quotations for ore containing 46 to +48 
percent manganese dropped | cent early in 
February to 59 to 63 cents, nominal, per 
long-ton unit, c.i.f. eastern seaboard and 
gulf ports. This price range continued to 
be quoted to the end of the year, but the 
market was notably inactive in the last 
2 months, apparently with a weakening in 
actual prices for the small quantities of ore 
being sold. 


Manganese Alloys.—Standard high-car- 


FOREIGN 


Ferromanganese exports totaled 3,710 
short tons valued at $645,057, compared 
with 1,861 tons at $759,955 in 1967. 
Canada took approximately 75 percent of 
the quantity in both years. Exports classi- 
fied as “manganese and manganese alloys, 
wrought or unwrought, and waste and 
scrap” were 2,118 tons valued at $1,119,127 
in 1968, and 1,388 tons at $857,603 in 
1967. Exports of ore and concentrate con- 
taining more than 10 percent manganese 
totaled 18,500 tons at a value of $2,042,305 
in 1968, compared with 15,375 tons at 
$1,502,044 in 1967. These were believed to 
consist almost entirely of imported man- 
ganese dioxide ore exported after grinding, 
blending, or otherwise classifying. 

The average grade of imported manga- 
nese ore was 47.5 percent manganese in 
1968 compared with 47.3 percent in 1967 
and 47.4 percent in 1966. Brazil and Gabon 
together supplied more than half of the 
total in 1968. Both general imports and 
imports for consumption of manganiferous 
ores containing more than 10 percent, but 
less than 35 percent, manganese totaled 
38,861 short tons in 1968. 

Silicomanganese imports for consumption 
totaled 25,412 short tons containing 16,885 
tons of manganese. Sources and tonnage 


bon ferromanganese continued to be sold 
essentially on a "price on request" basis 
with the actual prices for domestic alloy 
lying somewhere between $164.50 per long 
ton and those for imported material, vari- 
ously quoted from $142 to $157 per long 
ton, delivered in Pittsburgh or Chicago. 


Manganese Metal.— Effective October 21, 
1968, the price of standard electrolytic 
manganese metal in bulk carlots was cut 
from 29.85 to 26.6 cents per pound, f.o.b. 
producer’s plant. Reductions in other grades 
of electrolytic metal were made at the same 
time, and the long-prevailing premium for 
hydrogen-removed metal was eliminated, 
resulting in the 26.6-cent price also. 


TRADE 


(gross weight) were as follows: Norway, 
16,796; Yugoslavia, 6,776; Mexico, 1,556; 
Canada, 214; and France, 70. General 
imports, totaling 27,481 tons, showed a 
similar pattern for origin. Manganese metal 
imports for consumption were 3,183 tons, 
compared with 2,237 tons in 1967 and 
2,020 tons in 1966. In 1968, the Republic 
of South Africa supplied 2,797 tons; Japan, 
336 tons; and Czechoslovakia, 50 tons. 
A few pounds of high-unit value were im- 
ported from Italy. General imports totaled 
3,139 tons and came from the same coun- 
tries with Japan's contribution somewhat 
higher and that of the Republic of South 
Africa lower. 

Imports for consumption classified as 
"manganese compounds, other" totaled 
3,059 tons in 1968; 2,106 tons in 1967; and 
1,403 tons in 1966. The 'sources, gross 
amounts, and values per pound in 1968 
were: Japan, 2,393 tons (15.7 cents); 
United Kingdom, 463 tons (5.9 cents); 
Belgium-Luxembourg, 161 tons (14.5 
cents) ; and India, 42 tons (3.5 cents). The 
imports from Japan, and probably those 
from Belgium-Luxembourg as well, appear 
to have consisted largely if not entirely of 
synthetic manganese dioxide. 
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Table 7.—U.S. 


1967 1968 

Country Gross Mn Value Gross Mn Value 

weight content (thou- weight content (thou- 

(short (short sands) (short (short sands) 

tons) (tons) (tons) tons) 

Belgium- Luxembourg r 48,731 r 33,346 r $4,745 8,905 6,947 $846 
Canada... ˙ AA aces 7,824 6, 525 2,099 1, 166 906 136 

e ee es. etc sss 1,159 47 153 356 807 5 
Fran eee r 37, 844 r 28,966 r 4,343 51, 030 39,278 5,232 
See ee Meebo. d m e 11,216 8,636 627 
Germany, Weste r 22,769 r 17,556 r 2,566 88,320 29,763 4,331 
Ins hee 19, 023 14,354 2,016 17,244 12,991 1,300 
IEN 2,134 1,717 416 1,051 841 208 
r 2 REUS 6,554 5,382 1,218 904 728 178 
Netheriands )))))%%%õõãͥ eee: cue m cn heehee 8,874 2,874 359 
00 8 6,983 5, 501 907 2,394 1,888 290 
South. Africa, Republic of 41,213 82,053 4,294 42,767 83,172 4,102 
hl EE 8,197 2,402 324 5,747 4,480 646 
Sweden 8, 268 6,882 1,691 10,493 8,802 2,120 
SEH Kingdom 15, 590 12, „081 1, 665 11,399 8, 564 1,010 
e SEENEN 81 527 92 
Total................- r 216,279 1167, 612 r 26,437 207, 677 160, 694 21,480 

* Revised. 
WORLD REVIEW 


An abundance of good-quality ores from 
various sources resulted in soft prices for 
metallurgical ore in all world markets. 
Strong demand worldwide for dry cells 
continued to encourage construction of 
new battery plants. Union Carbide Corp. 
placed new plants in operation in Ecuador 
and Greece; was significantly expanding 
its facilities in Hong Kong, Singapore, and 
India; formed new companies in Ceylon 
and Indonesia; brought its Kenya plant to 
planned output rate; was constructing a 
plant in Ghana; and was conducting nego- 
tiations for plants in Pakistan and the 
Ivory Coast. 


Australia.—Under an agreement with 
the Australian Government, announced 
December 3, 1968, by the Minister for the 
Interior, Broken Hill Proprietary Co. Ltd. 
(BHP) will establish new and improved 
beneficiation facilities so that minimum 
annual capacity at Groote Eylandt will be 
700,000 tons of manganese ore by June 
1971 and at least 1 million tons 3 years 
later. As part of the agreement, BHP will 
conduct research on the agglomeration of 
fine concentrates, study the feasibility of 
erecting an agglomerating plant, and will 
construct such a plant if determined feasi- 
ble. Five-year reviews by the company of 
the prospects for ferromanganese produc- 
tion in the Northern Territory or elsewhere 
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imports for consumption of ferromanganese, by countries 


in Australia, with construction of a ferro- 
manganese plant if feasible, were additional 
conditions. On its part, the Government 
granted new special mineral leases to the 


company's subsidiary, Groote Eylandt 
Mining Co. 
Congo  (Kinshasa).— The manganese 


mine of Société Miniére de Kisenge (SMK) 
resumed operations in March and had 
returned to its normal production level by 
the end of the year. However, the plant of 
the subsidiary Afropile Battery Co., which 
had produced flashlight batteries, remained 
closed because of low prices for dry cells. 


Dominican Republic.—The Government 
granted a concession to Trani Casting 
Corp., San Gabriel, Calif., for the exploita- 
tion of manganese ore in Azua and San 
Juan Provinces. The company was required 
to begin roadwork within 30 days and to 
begin other development work within an 
additional 180 days. 


Guyana.— The Union Carbide Corp. sub- 
sidiary, Manganese Mines Management 
Limited, informed the Government of its 
intention to stop its manganese mining 
operations at Matthews Ridge before year- 
end. The company claimed that it had 
operated at heavy financial loss for many 
months because of unfavorable market con- 
ditions for this particular type of ore. The 
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Table 8.—World production of manganese ore, by countries’ 


Country Percent 1964 
Mn ° 
North America: 
Cuba. cc ee 35—50 77,544 
Mexico 2... . 45 + r 156, 991 
United States 
(shipments) me 35+ 26,058 
South America: 
Argentina...........- 80 — 19,696 
DO. .. . .. See ee 80-40 r 21, 385 
Brazil...............- 88-60 1,490,077 
l! dahana 48-417 í 
Guyana 36-42 130,907 
a) DEER 3445 410 
Europe: 
ulearia 80 + 57,000 
Greece 50 20,371 
Hungary............- 80 — 188,711 
Italy... oe 8 80 — 52,694 
Portugal 88-42 
umania 22. 35 r 85,000 
CTT 30+ 17 , 762 
S A ---- NA 7,822,000 
Yugoslavia..........- 80 4- 8,580 
Africa: 
Angola. 3052222 
Botswana 80 + 30, 639 
Congo, (Kinshasa) 48+ 341, 385 
abon 1,057, 750 
Ghana .. 48 + 509, 
Ivory Coast 82-47 150,383 
Morocco 85-58 375,974 
Rhodesia, Southern 80+ 160 
Routh Africa, Republic 
FFF 80+ 1,465,262 
South- West Africa 4858—) 
EIE L ee neers e 9,400 
United Arab Republic.. 85 + e 47,000 
FC — e 314, 158 
ZA FF 85 + 40, 091 
Asia: 
China, mainland 80+ 1,102,000 
India, including Goa... 82-58 r 1, 551,824 
Indonesia... 85—49 r 7,467 
FOR ee 85+ 85,800 
7 E EEE 30—48 818 , 825 
Korea, South... 85+ 4,758 
alaysia............- 390-40 | .........-. 
akis tan 42+ 1,098 
Philippines 80 + 8,824 
hailand............- 40+ 12,185 
Turkey..............- 80-50 22,366 
Oceania: 
Australia 85-54 68,442 
El. 2:222 40-50 1,004 
New Hebrides......... 49-55 66,740 
Total 5 ...........- r 17,731,661 


(Short tons) 


1965 1966 1967 1968 » 


r ¢ 88,000 ° 80,000 NA NA 
r 144,060 r 76,180 75,444 65,420 
29, 258 14, 406 12, 585 11,878 

9, 646 17,639 11,220 4,844 
22,446 112,972 29, 052 29, 829 


1, 588, 898 71,365,000 1,087,000 1,572,000 
18,284 19,754 16,365 25,958 
186,137 201,600 196,820 144,138 


1,091 r 874 1,188 7,885 
46,000 r 33, 000 e 82,000 ° 38,000 
11,909 15,981 8,601 ° 9,000 

234, 792 281,485 237, 000 280,000 
62,701 r 48,611 51,917 ,020 
8,559 9,488 10,838 * 10,900 

t 98,900 r 87,860 ° 88,000 ° 88,000 
19,247 20, 948 9,248 14,248 
8,851,000 78,493,000 7,909,000 8, 000, 000 
8, 925 9,498 10,826 NA 
5 20,448 86,5765 10,086 
§ö 1 uwa 4,282 


7 
416 ,205 274, 809 299, 427 3854, 785 
1,411,398 1,403,814 1,264,850 1,288,000 
665, 821 647,422 549,879 455,617 
198,179 194,212 164,721 128, 685 
414,337 899 ,499 $15,418 176 ,602 
NA NA NA 


e 230 
1,727,811 1,866,154 2,002,518 2,178,488 
4,186 26,867 e 83,000 ° 88,000 
1,102 1,653 2,750 5, 500 
e 26,000 e 26, 000 NA 4,861 
e 174,000 e 178,000 NA. cored 
88,965 29, 484 27, 522 27, 962 


1,102,000 1, 102, 000 770, 000 1, 000, 000 
r 1,815,300 1,849,550 1,752,672 1,766,000 
r 1,82 N 'NA 


,928 A 1,100 

r 40,310 r 50,000 46,000 „47, 000 
833 ,950 353,738 878,672 856,001 
7,876 6,588 7.982 4,653 
1,754 64,808 93,812 49 , 787 
560 189 NA NA 
57,088 61,882 95,881 72, 800 
36, 848 77, 825 86, 608 45,270 
15, 675 24, 546 e 25,000 21,944 
r 112,414 r 850,045 614,589 826,116 
6,04 , 4,888 9,429 
78 , 685 84,040 80,189 * 60,000 


r 19,666,921 r 19,836,065 r 18,883,877 19,225,000 


* Estimate. P Preliminary. * Revised. NA Not available. 
! Czechoslovakia and Sweden report production of manganese ore (appro roximately 18 to 17 percent manganese 


content), but since the m saranen content averages substantially less t 
a averages annually around 90,000 short tons and Sweden approximately 18,000 


in this table. Czechoslova 
tons for the last 5 years. 
2 Estimated from reported content. 


30 percent, the output is not included 


3 Grade unstated. Source: The National Economy of the U.S.S.R., Central Statistical Administration (Mos- 


cow). 
* Dry weight. 
5 Total is of listed figures only. 


Government planned to maintain the settle- 
ments developed there by converting the 
region’s economy to farming and cattle 
raising. 


India.—The manganese mining indus- 


try’s continuing problems, accentuated by 
a buyers’ market and closure of the Suez 
Canal, were under intensive investigation 
by the Government with cooperation from 
private manganese producers. 
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Indonesia.—On May 2, 1968, the Indo- 
nesian Government signed an agreement 
returning to Union Carbide Corp. its 
wholly owned subsidiary, N.V. National 
Carbon Co. (Java) Ltd., whose plant for 
production of dry cells had been expropri- 
ated in March 1965. The plant has not 
produced since January 1967. Company 
plans call for rehabilitation, moderniza- 
tion, and expansion—in effect an entirely 
new facility. Some objections apparently 
were raised, however, by the owners of a 
dry cell plant at Tjiawi, West Java. 


Libya.—After reorganization and with 
financial help from the Libyan Govern- 
ment, Harati Co. completed its plant built 
to produce 6 million, size D, 1.5-volt dry 
cell batteries per year. 


Mexico. 


The manganese ore mining 


operations of Cía. Minera Autlán, S.A., at 


Autlan, Jalisco, closed early in 1968 with the 
exhaustion of the ore reserves. Key personnel 
were transferred to the company’s new oper- 
ations in northern Hidalgo, north of Mo- 
lango and west of the villages of Ixtlahuaca 
and Tlanchinol, where reserves are esti- 
mated to total 11 million tons of carbonate 
ore averaging 22.5 percent manganese. Of 
this quantity, 7 million tons are at the under- 
ground Acoxcatlan mine in an undulating, 
manganiferous dolomite bed which rests 
upon Upper Jurassic shales. The remaining 
4 million tons are at the Tezintla open pit 
at the apex of a sharp fold. The ore is 
nodulized in a kiln having a capacity to 
produce 100,000 tons per year of manga- 
nese nodules containing 36 percent man- 
ganese. The nodules are stated to be self- 
fluxing and hence equivalent to a normal 
45-percent-manganese ore. A trial run of 
the kiln was made May 8, 1968, but plant 
capacity was not reached during the year 
because of unforeseen mining and geologi- 
cal problems. After completion of new 
dock facilities, most of the product will be 
trucked 160 miles to Tampico for export 
to the Bethlehem Steel Co. in the United 
States. The remainder will be sent to steel 
plants in the Monterrey area. The nodules 
produced in 1968 were either stockpiled or 


691 


shipped to Monterrey steel mills. The entire 
operation has approximately 900 employees, 
most of whom live at a well-planned new 
town at the mine. 

Cía. Minera Autlán produced a small 
tonnage of battery-grade ore on an experi- 
mental basis at Nonoalco, south of Molango. 
This deposit has not been explored, and 
the company hoped that it could be devel- 
oped into another unit. Company explora- 
tion teams were active throughout Mexico 
in a search for manganese ore. 


South Africa, Republic of.— On February 
16, 1968, the issued share capital of Ferro- 
alloys Ltd., wholly owned subsidiary of The 
Associated Manganese Mines of South 
Africa Limited, was increased from 2 mil- 
lion to 2.9 million shares, with allotment 
of the increase to United States Steel Corp. 
Effective October 1, 1968, the South Afri- 
can Railways and Harbors Administration 
reduced handling charges on both manga- 
nese and iron ore exports through Port 
Elizabeth. Additional efforts to make South 
African ore prices more competitive in- 
cluded reduction of overtime costs and the 
construction of lighter weight railway 
trucks designed especially to carry ore. 
Production of electrolytic manganese metal 
in 1968 by Electrolytic Metal Corp. (Pty.) 
Ltd., the country's only producer, was 
8,785 short tons. Research by the National 
Institute for Metallurgy investigated, with 
some promise, the use of manganese dioxide 
to reduce the sulfur dioxide content of 
gases emanating from the roasting of re- 
fractory gold ores. Besides the antipollution 
benefits, a manganese sulfate electrolyte is 
obtained from which electrolytic manganese 
metal or synthetic manganese dioxide can 
be produced. 


Turkey.—Ore produced in 1967 aver- 
aged 40 percent manganese. Mines near 
Silivri in Thrace and the Cóplerkóy mine 
near Erzincan were the only significant 
producers. The latter operated as a joint 
American-Turkish venture. There was little 
activity in the formerly productive Eregli- 
Devrek district. 


TECHNOLOGY 


The Bureau of Mines published the final 
paper in a series reviewing processes that 
have been considered as methods for re- 
covering manganese from low-grade or off- 


grade domestic resources. The paper is 
concerned with processes based on sulfur 
dioxide or sulfurous acid leaching, sulfuric 
acid leaching, combined sulfurous acid- 
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sulfuric acid leaching, and high-tempera- 
ture sulfatization. The two previous re- 
ports reviewed pyrometallurgical, chloride, 
and fixed nitrogen processes. 

A cost evaluation study of a modified 
Bradley-Fitch ammonium sulfate leaching 
process for extracting manganese from 
Cuyuna, Minn., and Aroostook, Maine, 
manganiferous materials showed that the 
costs for obtaining manganese by this 
means would be high. The study was 
` based on an operation scaled to produce 
100 tons per day of manganese contained 
in a synthetic ore suitable for the produc- 
tion of ferromanganese. Briefly, the process 
consists of the following steps: Reducing 
the manganese and iron in the ore to MnO 
and FesO4 in a shaft furnace; leaching 
the reduced ore with ammonium sulfate 
solution to form soluble manganous sulfate, 
leaving most of the iron undissolved; filter- 
ing; precipitating the manganese and some 
impurities as carbonates; and pelletizing 
and calcining to form a product consisting 
mostly of MnsO4. Three raw materials 
were investigated: Cuyuna black ore con- 
taining 10.0 percent manganese and 30.0 
percent iron, Cuyuna brown ore containing 
6.6 percent manganese and 41.4 percent 
iron, and Aroostook northern district mate- 
rial containing 10.3 percent manganese and 
17.3 percent iron. The Cuyuna black ore, 
with credit for byproduct iron, showed the 
best estimated operating costs—$184.81 
per ton of contained manganese, which is 
definitely not competitive with readily 
available imported manganese ores of good 
quality. The cost estimates included depre- 
ciation based on a straight-line, 10-year 
period. The study showed, also, that some 
additional research would be advisable if 
a commercial-scale operation were con- 
templated.? 

Using synthetic acidified ferrous sulfate 
solutions, optimum autoclaving conditions 
were established for removing manganese 
and iron from pregnant liquor that results 
from leaching Georgia umber with steel- 
mill pickle liquor. With an oxygen over- 
pressure at 250? to 260* C, precipitation 
of 98 percent of both the manganese and 
the iron was achieved with a holding time 
of approximately 15 minutes. A simple water 
leach then separated the iron from the 
manganese by dissolving the ammonium- 
manganese sulfate to give a relatively pure 
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cell feed at a concentration suitable for use 
in manganese electrolysis.“ 

As knowledge of the basic magnetic 
properties for many manganese minerals 
is sketchy at best, susceptibilities were 
determined for more than 30 minerals 
containing manganese.’ These included 
isomorphous series showing wide ranges of 
composition. In order to have clean samples 
free of extraneous materials, mineral-dress- 
ing techniques were used when necessary. 
Identification of the minerals was estab- 
lished by petrographic and X-ray diffrac- 
tometer studies. 

Transmission electron microscopy at the 
University of Leeds (England) verified the 
structure of high damping manganese- 
copper alloys that are of interest for engi- 
neering purposes. Investigation of an alloy 
containing 70 percent manganese and 30 
percent copper that had been aged to peak 
damping showed a reduction in damping 
capacity when stored at room temperature 
or at 100° C. Cold rolling caused a rapid 
decrease in damping capacity.’ 

Australian practice in the electric fur- 
nace production of high-carbon ferroman- 
ganese was described.“ 


2 Henn, John J., Ralph C. Kirby, and nem 
D. Norman, Jr. Review of Major Proposed Proc- 
esses for Recovering Manganese From United 
States Resources (in three Parts). 3. Sulfur 
8 5 Processes. BuMines Inf. Cire. 8368, 1968, 

pp. 

3 Henn, John J., Frank A. Peters, Paul W. 
Johnson, and Ralph C. Kirby. An Evaluation of 
an Ammonium Sulfate Leaching Process for 
Recovering Manganese From Minnesota and 
Maine Resources. BuMines Rept. of Inv. 7156, 
1968, 68 pp. 

4 Brantley, F. E., E. K. Landis, and W. R. 
Cureton. Purification and Concentration of a 
Cyclic Manganese Leach Solution by Elevated 
Pressure-Temperature Methods. BuMines Rept. 
of Inv. 7166, 1968, 11 pp. 

Brantley, Francis E., and Carl Rampacek 
(assigned to the U.S. Department of the In- 
terior). Process for Manganese Recovery From 
Peach Solutions. U.S. Pat. 3,897,130, Nog. 13, 


5 Powell, H. E., and Lee N. Ballard. Magnetic ` 
Susceptibility of 34 Manganese-Bearing Minerals. 
BuMines Inf. Circ. 8359, 1968, 10 pp. 

ê Butler, E. P., and P. M. Kelly. High Damping 
Capacity Manganese-Copper Alloys: Part I. 
Metallography. Trans. AIME, v. 242, No. 10, 
October 1968, pp. 2099-2106. 

7 Butler, E. P., and P. M. Kelly. High Damping 
Capacity Manganese-Copper Alloys: Part II. The 
Effect of Storage and Deformation on the Damp- 
ing Capacity of 70/30 Mn-Cu Alloy. Trans. 
noe v. 242, No. 10, October 1968, pp. 2107— 

8 Hooper, Rex T. The Production of Ferro- 
manganese. J. Metals, v. 20, No. 5, May 1968, 
pp. 88—92 
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Mercury 


By J. M. West! 


Relatively large releases of mercury from 
U.S. Government stocks apparently had 
little effect on mercury prices, which re- 
mained above the $500 per flask level 
throughout 1968. U.S. production in- 
creased 21 percent, while imports for con- 
sumption declined nearly 5 percent. Over- 
all consumption, based on estimates of 
mercury dealers, purchasers, and producers, 
rose 8 percent. Secondary mercury pro- 
vided a greater share of the total supply 


increased releases by the General Services 
Administration (GSA). The scrapping of 
the last Emmett mercury boiler in the 
country also contributed to the increased 
supply of secondary metal. World supplies 
of new mercury were higher, with signifi- 
cant increases in Spanish, Italian, and 
Canadian production. Spain and Italy, 
however, limited exports and apparently 
were building up stocks at yearend. Pro- 
spective, large, new sources of supply in- 


(about 46 percent in 1968, compared with cluded western Canada, Turkey, and 
32 percent in 1967) chiefly as a result of Algeria. 
Table 1.—Salient mercury statistics 
1964 1965 1966 1967 1968 
United States: 
Producing mines- .-.------------2------ 72 149 130 122 8 
Production. ..................- flasks— 14,142 19,582 22,008 28 , 784 28,874 
Malle. AAA. thousands.. 34,45 $11,176 $9,72 $11,63 $15,464 
he del EE flasks- _ 188 7,5 357 2,6 7,4 
Reexports__...-.-..---.-.-_---- do.... 196 494 476 475 103 
Imports: 
For consumption...........- do.... 41,153 16,238 31,364 24,348 23,246 
General. 22 zer eme do 41,107 17,838 34,757 23, 899 23, 956 
Stocks Dec. B1114141I4l . do 17,362 20, 386 20,076 18,277 21,484 
Consumptiooonnnn do 81,354 73, 560 71, 509 69,517 75,422 
- ee New York, average per Oask _ _ ` $314. 79 $570.75 $441. 72 $489. 36 $535. 56 
or 
Productiowtn flasks.. 255,133 267,873 264,994 232,656 255,474 
Price: London, average per flask. ........ 282.25 $607.85 $447.68 $499.36 $546.80 


Legislation and Government Programs.— 
The Government continued to offer finan- 
cial assistance to mercury miners to the 
extent of 75 percent of allowable explora- 
tion costs through the U.S. Geological 
Surveys Office of Mineral Exploration. 
Several applications were in various stages 
of processing or implementation. 

Government stockpile objectives for mer- 
cury were unchanged during the year. 
Releases of stocks originally transferred 
from the Atomic Energy Commission for 
disposal continued until only 2,271 excess 
flasks were left at yearend, and these were 
scheduled for sale by mid-February 1969. 


GSA award prices dipped as low as $500 
per flask in midyear, after hitting a high 
on one sale in February of $595.27 per 
flask. During the year GSA sold 19,610 
flasks. In addition, it transferred 4,200 
flasks to other agencies, including 2,400 
flasks to the U.S. Agency for International 
Development for its programs. Monthly 
sales by GSA ranged from 1,050 to 2,500 
flasks, with the high in January and 
February and the low in July. 


! Physical scientist, San Francisco Office of 
Mineral Resources. 

? Flask as used throughout this chapter refers 
to the 76-pound flask. 
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DOMESTIC PRODUCTION 


Prices remained relatively high during 
the year, encouraging established producers 
to operate mines and plants at near maxi- 
mum capacities. Significantly, the number 
of producers reporting output of over 1,000 
flasks increased from four to nine and the 
number reporting cutput from 500 to 1,000 
flasks decreased from seven to four. Prop- 
erties producing 100 to 500 flasks increased 
only from 17 to 18. The total number of 
producing mines fell sharply to 87, in- 
dicating decreased activity among small 
operators and prospectors. 

Of the 87 operations on record in 1968, 
53 were in California, 17 in Nevada, six 
in Oregon, three each in Arizona and 
Texas, two each in Alaska and Idaho, 
and one in Washington. California showed 
the greatest increase in production, largely 
because of expansion at the New Idria 
mine and the opening of a new mine, the 
Last Chance, by El Capitan Mining Co., 
in the mountains north of the Death Valley 
area of Inyo County. The Last Chance was 
discovered by accident several years ago 
as a result of a sulfur development project 
and, although it is located in a desolate 
region, has since become one of the leading 
producers with potential for expansion. 

A breakdown of mercury mining prop- 
erties follows: 

State County Mine 

PROPERTIES PRODUCING 1,000 FLASKS OR MORE 
California... San Luis Obispo. Buena Vista. 


Do Marin Gambonini. 
Do..... Santa Barbara. Gibraltar. 
Do..... Napa oxville 
Do..... Inox Last Chance. 
Do Sonoma Mount Jackson 
Do San Benito New Idria. 
Idaho Washington Idaho-Almaden. 
Nevada Humboldt Cordero. 
PROPERTIES PRODUCING 500 TO 1,000 FLASKS 
California... Trinity Altoona. 
o----- Santa Clara New Almaden. 
Nevada..... Esmeralda B & B. 
o Pershing Red Bird. 


PROPERTIES PRODUCING 100 To 500 FLASKS 


Alaska Aniak.......... White Mountain. 
Arizona..... Maricopa National. 
California „„ Abbott. 

Do..... Marin Bueno Chileno. 

Do — Napa Corona. 

Do..... Sonoma Culver-Baer. 

Do Santa Clara Guadalupe. 

Do Lake onocti. 

Do..... Kings Little King. 

Do San Benito San Carlos. 
Nevada Pershing Goldbank. 

Do-.... r do. ose Horton Mercury. 

Do..... Washoe.......- Old West. 
Oregon n6... lun Black Butte. 

Do .... Malheur Bretz. 

Do Lake Glass Butte 
Texas Presidio. ....... esno. 

Do Brewster Study Butte. 


In 1968 the average grade of domestic 
mercury ore rose to 5.1 pounds per ton, 
1 pound higher than the 1967 average, 
because a few producers hit relatively rich 
ore pockets. Byproduct mercury from the 
Carlin gold mine in Nevada continued to 
be recovered, but these ores were not 
counted in average grade calculations. A few 
flasks of mercury were recovered by re- 
working mine dumps and from gold 
placer operations. Secondary mercury pro- 
duction rose by over 50 percent, largely 
owing to the GSA releases, which are in- 
cluded in this figure. Other sources con- 
tributing to the increased production in- 
cluded battery scrap, dental amalgams, 
and various sludges. 


Table 2.—Mercury produced in the 
United States, by States 


Pro- Value ! 
Year and State ducing Flasks (thou- 
mines sands) 
67 
California 78 16,885 38,018 
FCC 2 898 439 
Nevada 25 4,703 2,801 
Oregon 6 948 461 
Alaska, Arizona, Arkansas, 
0 acces eee 11 855 420 
Total: ul rn 122 28,784 11,689 
1968 
Arizona 8 192 108 
California 53 21,417 11,470 
Nevada 17 4,780 2,560 
Oregoe n 6 938 502 
Alaska, Idaho, Texas, 
Washington 8 1,547 829 
Total! 87 28,874 15,464 


1 Value calculated at average New York price. 
Table 3.—Mercury ore treated and mercury 
produced in the United States 


Mercury produced 
Ore treated  — O - < 


Year (short Pounds 

tons) per ton 

of ore 
1964_____. sz 149,907 14,115 1.2 
1965 339,124 19,353 4.8 
1966. ........- 821,080 21,993 5.2 
1901... um 439,758 23, 767 4.1 
1968.......... 432,772 28,857 5.1 


1 Excludes mercury produced from placer opera- 
tions and from cleanup of furnaces and other plants. 


Table 4.—Production of secondary mercury 
in the United States 


Year Flasks ! 
1964 ee 24,519 
1965 JJ T 46,670 
1966... ͤ ů 2 eR EHE ES 16,400 
13 y eec e ue 22,150 
688. K S 84,880 


1 Includes GSA releases. 
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CONSUMPTION AND USES 


Mercury consumption rose by nearly 
6,000 flasks in 1968, led by manufacturers 
of electrical apparatus, particularly mer- 
cury battery cells, chlorine and caustic 
soda, and mildew proofing compounds. 
These three categories accounted for 60 
percent of the total mercury consumed. 
The startup of new mercury-cell lines in 
chlorine-caustic soda plants required addi- 
tional quantities of mercury, which are 
taken into account separately under the 
heading of “other uses" in table 5. How- 
ever, this figure declined in 1968, despite 
the continued upward trend in mercury- 
cell installations, indicating that chlorine 
producers were drawing on their mercury 
stocks to provide for the additional 
requirements. 

The development of more efficient chlo- 
rine cells, requiring less initial and makeup 
mercury, probably had some effect on 
consumption, but the projected trends in 
chlorine production and the industry's 
preference for mercury over diaphragm 
cells seemed to assure a steady growth in 


this use. The U.S. Department of Com- 
merce has estimated an annual 7-percent 
growth rate in chlorine production through 
1974. Reported plans indicate that over 
50 percent of this increase in production 
capacity could be based on the mercury 
cell, as compared with the present 30 to 
35 percent used in chlorine production. 
According to the statistics of the Chlorine 
Institute, production of chlorine in 1968 
reached nearly 8.5 million short tons, and 
daily capacity rose by 1,852 tons. Expan- 
sions underway were expected to increase 
daily capacity by at least 2,700 tons by 
1970. 

It was estimated that the battery indus- 
try accounted for roughly 10,000 flasks 
of the consumption in 1968, and projec- 
tions pointed to an annual consumption 
rate exceeding 15,000 flasks by 1974. Little 
change was projected in mercury usage 
for laboratory purposes, but a gradual rise 
was predicted in its use in instruments, 
which is expected to reach an annual 
growth of 7 percent by 1974. 


Table 5.—Mercury consumed in the United States by uses 


(Flasks) 
Use 1964 1965 1966 1967 1968 

Agriculture (includes fungicides and bactericides 

for industrial purposes) ..................-...-- 3,144 3,116 2,874 3,732 3,430 
Amalgamatioͤ nn 308 268 248 219 267 
S ³·mi¹iAA]A lu d EEN 656 924 1,932 2,489 1,914 
Dental preparation 2,612 1,619 1,334 1,359 2,089 
Electrical apparatus 1____ --------------------- r 14,331 116,097 1 16,257 14,610 17,484 
Electrolytic preparation of chlorine and caustic 

BOd8 cio OHNE RETO: 9,572 8,753 11,541 14,306 17,458 


General laboratory use: 
CommercialkḰ2»LͤV w 


Paint: 
Antifouling- EE 
Mildew proofing..--------------------------- 
Paper and pulp manufacture 
Pharmaceuticals 
stilled 45. Lo ea e 
C/õöĩ§ö??̃⁵˙ů˙ẽ1 EES 


r Revised. 
1 Does not include redistilled. 


1,563 1,183 1,246 


I0,(40- b · estes. sama. ĩ 8 
972 4,628 4,097 3,865 8,935 
547 255 140 152 892 

r 5,969 r 8,211 r 8,280 71,026 10,174 

2,148 619 612 446 417 
r 385 r 418 1232 283 424 

11,697 12,181 1,261 1,984 8,262 
7384 15,402 15,632 12,568 7,945 

81,854 78,560 71,509 69,517 75,422 


2 A breakdown of the “‘redistilled’’ classification showed averages of 44 percent for instruments, 15 percent 
for dental preparations, 22 percent for electrical apparatus, and 19 percent for all other uses in 1964-67, com- 
pared with 49 percent for instruments, 12 percent for dental preparations, 26 percent for electrical apparatus 
9 percent for general laboratory and 4 percent for all other uses in 1968. 

3 Includes mercury used for installation and expansion of chlorine caustic soda plants. 
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Figure 1.—Trends in production, consumption, and price of mercury. 


U.S. industrial consumption 


1950 1955 | 960 1965 


Table 6.—Stocks of mercury, December 31 


(Flasks) 
Consumer 
Year Producer and Total 
dealer 
19644. 708 16,654 17,362 
1965... c m 1,432 18,954 20, 386 
1966 1, 976 18, 100 20,076 
196 r 757 17,520 r 18, 277 
98 8 1,059 20, 42 5 21,484 


1970 
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MERCURY 


PRICES 


average of record, with only 1965 being 
higher at $570.75, also New York. Monthly 
price averages ranged from $502.64 to 
$571.70. 


Mercury prices held at relatively high 
levels during the year, averaging to $535.56 
per 76-pound flask on the New York 
market. This was the second highest yearly 


Table 7.— Average monthly prices of mercury at New York and London 


(Per flask) 
1967 1968 
Month 

New York ! London 2 New York ! London 2 

Janui yee ee EE 485.76 488.43 528.32 586.02 
Fir m2 ee Se 508.70 488.97 571.70 597.49 
Marth o 2.2 ð«ði(de 8 506.14 511.72 571.33 587 .93 

ADMÍI.22:2 C . Rl rue I 488.50 5083.85 555.57 566.8 
BER 452.05 481.07 536.91 561.47 
öĩ§ĩ5ĩkü ⁰⁰ diemque. 480.23 513.02 510. 00 524.62 
h ee es ee ee aos 475.35 476. 63 502. 64 518.68 
A DECANO 8 483.35 476.29 517.14 528 .66 
September 497. 55 501.07 541. 85 540.75 
Oetober 488.18 490.54 539.74 545.34 
November 498.81 508.41 520.42 582 .68 
EEN 512.65 529.39 531.05 526.90 
Ahr ees 489.36 499.36 535.56 546.80 


! Metals Week, New York. 
2 Mining Journal (London) prices quoted in pounds sterling were converted to U.S. dollars by using average 


rates of exchange recorded by Federal Reserve Board. 


FOREIGN TRADE 


these totaled 576 flasks at an average value 
of $347 per flask. About 59 short tons of 
mercury ore, valued at approximately 
$40,000, was also imported. 

The rate of duty on U.S. imports re- 
mained $16.72 per flask of mercury during 


Exports of mercury more than doubled, 
mainly as a result of increased shipments 
to India and Japan. Other significant im- 
porters, among the approximately 45 coun- 
tries receiving mercury from the United 
States, were the United Kingdom and 


Canada. Indian shipments were in part 
made in connection with activities of the 
U.S. Agency for International Develop- 
ment. Reexports from bonded warehouses 
remained small and went to Hungary and 
two other countries. Trade in mercury 


the year, but dropped to $15.20 per flask 
on January 1, 1969, in accordance with 
the provisions of the General Agreement 
on Tariffs and Trade. 


Table 8.—U.S. exports and reexports 


compounds was insignificant. 
Imports were chiefly from Spain and Of Mercury 

from Canada, which became a relatively 

important source of supply for the first Exports Reexports 

time. Mexico, Peru, and Yugoslavia were Year Value Value 

also significant sources. Italy, formerly an Flasks GE Flasks Seeds) 

important U.S. source of supply, provided 

only a few hundred flasks in 1968. Mercury 1966. 357 $197 476 $280 

waste and scrap, largely from Canada,  1967......... 2,627 1,281 476 198 
1968. ........ 8,951 108 54 


were included in the import figures, and 


7,496 
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Table 9.—U.S. imports? of mercury, by countries 


1966 1967 1968 
Country Value Value Value 
Flasks (thou- Flasks (thou- Flasks (thou- 
san sands) san 
EECHER eene ²ꝛ˙mwj7ðĩi2 ⁰ꝛz 7 67,8 142 369 
h Seek ⁰⁰¶⁰yſd y ` Geh 40 318 20 10 
nn, Sue 349 $74 891 97 5,626 2,829 
Cmie- to leue TTT UMS E 40 19 
WYGNCC e235 ese 250 BO? eebe pee 
DUAL os der A ce. ee 14,485 5,704 5,117 2,308 551 261 
( ˙¹·wmꝛ exea c eee 50 J)) elec uo ³ĩ³2AAA ` ee 
MéXICO 22. ß 7,049 2,585 1,260 546 2,339 1, 076 
Netherlands... eeh, 200 Hi. owes, aeaaee 
EES 741 271 1,037 427 1,161 463 
Philippines 1,150 519 550 ^ HEC 
F ³ĩV—WW 8 7,656 3,272 11,969 5,108 12,900 6,218 
Sweden ð ꝛm.ꝛꝶ⁊.ͥ ³ ͥõgdttt ³⅛·Ü iu ð «q A ru EE 
United Kingdom. ................-- (2) // Geter ge Me, 
Xugoslavil. ee ee 8,271 1,264 8,085 1,408 1,171 558 
„ quies Eun 34,757 18 ,715 23 ,899 10,309 23,956 11,505 


! Data are “general” imports, that is, they include mercury imported for immediate consumption plus 


material entering the country under bond. 
? Less than l4 unit. 


Table 10.—U.S. imports for consumption! of mercury, by countries 


1966 1967 1968 

Country Val Value Value 

Flasks (thou- Flasks (thou- Flasks (thou- 

san sands sands) 

STEP » uan ²⅛˙A¹w... deer, (uc Lue Lun e AE Du 142 $69 

ET eee ]ð« m mu hr; mt 88 40 318 20 10 

Sass. os le ed mes 349 $74 391 97 5,626 2,829 

CCͥöòͥssͤĩ ³ðQA ⁵ð]ðU yd ĩðV:) ð nuu RM. uuu Ed ite 4 19 

Frane: lolo y y ß bee 25 9;ðv ²6⅛ •:!ů 8 

HBaly.o. su y y ea 13,942 5,554 4,091 1,831 252 119 

e Go ee dE 50 20 xt. Cees sees rims 

E EE 6,030 2,212 1,234 533 1,928 877 

^ 5 ö ⁵ ↄðx d ĩðâ 88 200 847 2s ecu sua s 

Bees te 8 451 149 1,037 421 1,161 468 

Philippines STEM 8 1,150 519 550 28888 ³ðĩ K GARE NM 

DOM eee be h-» ³ĩ 6,115 2, 524 13,470 5,887 12, 900 6,218 
Sweden. ̃ enaa. dd T8 

United Kingdom. .................- (2) (l IE tay, xS MIL silet. MUS 

Vugoslavig .-.------------------ 8,277 1,264 3,085 r 1,408 1,171 558 

Total -2. zinc hue 91,364 12,322 24,848 710,558 23,246 11,164 


r Revised. 


! Data include mercury imported for immediate consumption plus material withdrawn from bonded ware- 


uses. 
2 Less than Le unit. 


WORLD 


Algeria.—A sizable deposit of mercury 
was reportedly found in the eastern part 
of Algeria, and facilities for mining and 
processing the ores were said to be forth- 
coming at Ismail. Previously, Algeria was 
not a significant producer of the metal. 
The U.S.S.R. was credited with assisting 
in the discovery. 


REViEW 


Canada.—Several new developments in 
Canada which, when fully operational, 
will increase Canadian mercury output 
almost to the U.S. level, were all but 
ready to begin production. These include 
the Pinchi Lake mine, belonging to Con- 
solidated Mining & Smelting Co. of 
Canada, Ltd., and the Lillooet area mine, 


MERCURY 


owned by Silverquick Development Co. 
Ltd., both located in British Columbia. 
Late in 1968, Pinchi Lake was reportedly 
milling about 700 tons (capacity, 800 tons) 
of low-grade ore per day, processing it by 
flotation, and then roasting it. The ore 
occurs in a bed of dolomitized limestone 
between bands of schist. Silverquick’s mine, 
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near Gold Bridge, British Columbia, was 
expected to come into production by mid- 
1969, with 3,000 flasks of mercury the 
output target for the first year, hopefully 
to be doubled in the second year. Ajax 
Mercury Mines Ltd. resumed prospecting 
and bulk sampling at its Sunshine property 
near Fort St. James, British Columbia. 


Table 11.—World production of mercury, by countries 


(Flasks) 
Country 1964 1965 1966 1967 1968 p 
Bolivia (export 132 52 4 r 145 184 
.... 78 20) Costes. 8 e 5,000 
Chile u Ey sanu le Ds ⁰yß se E 267 r 435 184 518 
China, mainland *......................... 26,000 26,000 26,000 20,000 20,000 
Colombia... ..l.ucose soon 8 4 r 89 r 210 285 
Czechoslovakia 775 825 875 900 900 
))ôöö00—V—q² y . y OF 57,001 57, 320 53, 549 48,066 52,215 
/ oe r 4,972 r 4,689 4,846 r 4,617 ,04 
Merito ͥͥ ͥ ²•ͤ—ͤ——! v 8 12, 561 19,208 r 22,104 r 14,413 e 18,280 
Duc. a ß ae te S HE 3,275 8,117 „166 2,98 ,12 
Philippine ceo den 2,496 2,384 2,448 2,611 8,506 
Rumania.......---c2.zualllzacse.eo 8 194 1 1 1 e 20 
LI MORE ae m m. e 78,822 74, 661 70,054 49,227 57 , 262 
Juul ee eo us Sa 87 1 2 2 e 80 
lll ĩð³ ee ere 222 2,615 2,755 8,420 r 4,147 4,820 
EE 85,000 40,000 40, 000 45, 000 45, 
United States 14,142 19 ,582 22,008 28,784 28,874 
Vugosla via „4„„ä 17,818 16,419 15,896 15,890 e 15,558 
zien ninaa aE r 255,133 267,873 *264,994 1282, 656 255, 474 
e Estimate. P Preliminary. r Revised. NA Not available. 
1 Purchases by Banco Minero. 
2 Total is of listed figures only. 


Ireland.—Ireland was expected to begin 
production of mercury in small quantities, 
as a result of the discovery of recoverable 
amounts in copper concentrates from a 
newly operating mine. Several mercury 
minerals were identified in the low-copper, 
high-arsenic, and antimony sections of the 
mine. The deposit was estimated to con- 
tain close to 15,000 flasks of recoverable 
mercury. Operated by Gortdrum Mines 
(Ireland) Ltd., the mine 1s located in the 
Silvermines district of northern County 
Tipperary. 


Italy.—Monte Amiata, the leading 
Italian mercury producer, treated ores 
from Selvena, Grosseto, and from local 
mines at its 50,000-flask-per-year distilla- 
tion plant in Abbadia San Salvatore 
(Sienna). The grade of ore declined in 
1966-67, and there seemed little likeli- 
hood of improvement in 1968. Lower grade 
ore at another important producer's mine, 
that of Stabilimento Minerario del Siele 


S.p.A., prompted plans to expand the 
capacity of crushing and retorting facilities 
in order to treat larger tonnages. A pro- 
posal was submitted to the Italian parlia- 
ment that would reimpose a manufacturing 
tax on quicksilver, presumably along the 
lines of the one canceled in early 1962. 


Mexico.—The smuggling of mercury to 
avoid payment of relatively heavy produc- 
tion taxes and export duties was a subject 
of official concern. The Mexican Govern- 
ment, determined to reduce these illegal 
transactions, cut the taxes and duties in 
half on January 1, 1968, to approximately 
$40 per flask. It appeared later in the year 
that total revenues at the reduced rates 
might even exceed the amounts collected 
before, indicating the effectiveness of the 
measure. 


Philippines.— Export: of Philippine mer- 
cury was curtailed to some extent by the 
expansion of domestic chlorine facilities, 
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which absorbed a notable part of the 
country’s output. All production was in 
Palawan, where the ore reserves are siz- 
able but the grade is poor. 


Table 12.—Italy: Exports of mercury, 
by countries 


(Flasks) 

Destination 1967! 1968? 
Australia 745 508 
J//õͤĩÄ5¹t¹r˙ . MD EN 15 
Belgium- Luxembourg 100 NA 
Bun! ee 58 NA 
Denmark. ....-.--------------- 0 NA 
he Lu 1,808 51 
Germany 

VT cee orden 2,502 2,883 
VT 0 ek 3,706 2,602 
e,, eh 300 400 
P11! ³ð» AA a su 9 NA 
Ill é 3,126 1,818 
r sa lene EE 5,835 6,153 

Netherlands ee 260 4 
“s PE a ee et 658 1,485 
Rumani /// 301 189 
South Africa, Republic of 101 31 
Sweden 80 NA 
Switzerland 52 NA 
United Kingdom 8,792 7,188 
United States 8,791 2,758 
Other countries 41 8,662 
S A 86,981 84,678 


1 Final figures. Calculated from quantities reported 
in kilograms. 

2 Provisional figures. Calculated from quantities 
reported partly in flasks but mostly in quintals. 
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Spain.—Operations at the world-famous 
Almaden mercury mine remained depressed 
in 1968, although various projects had 
been started to modernize plant and min- 
ing facilities. Recent declines in produc- 
tion were blamed on outdated equipment 
and extraction methods. Adding to the 
problem was the failure of the state-owned 
mercury monopoly, which controls virtu- 
ally all Spanish production, to respond 
adequately to stepped-up world demand 
for the metal. Declines have also been 
attributed to the policy of withholding 
mercury from markets in order to keep 
prices up. 

During the first 4 months of 1968, over- 
all Spanish production totaled about 21,500 
flasks, compared with 17,000 flasks in 
the same period of 1967; thus, an upswing 
appeared likely. The average mercury con- 
tent of the treated ore was 1.37 percent 
in early 1968, compared with 1.10 percent 
in early 1967, indicating a turn toward 
more selective mining of higher grade ore. 
Various aspects of mining and processing 
at Almaden were described in a London 
publication.? 


3 Mining Magazine. Almaden— World's Largest 
dd Mine. V. 118, No. 2, February 1968, 
pp. 81-91. ; 


Table 13.—Spain and Yugoslavia: Exports of mercury,’ by countries 


(Flasks) 
From Spain From Yugoslavia 
Destination 
1966 1967 1968 2 1966 1967 1968 š 
1 3ͤ “ 1,092 621 RT Sasnnn 
n M PN NN ait $46 ¿Losa s. Wesen F 
Belgium Luxembourg Ee 529 217 J;* kr exec 
Canada... . ee ae 1,551 951 U ere edd nr 
Czechoslovakia tee 2,927 2,852 8,609 ER 
Maid o o cec SS Su Tx 100 300 101.222 neck 
Frames JJ õ˙ cute me 8 2,828 4,266 // AAA Sas 
Germany: 
Es 2 u ͤł- KT... 8 1,201 1,001 o ĩ ˙ ²˙ AAA 
Wost ct See se a OUR 11,822 10,220 7,056 2,875 2,089 
TT EE 1,339 901 400. 2225.26.26, Eston 
TONS oe se X ee age 233 2,252 NA 848 788 
/öô§ö§;1: ⁵⅛˙» . 8 5,158 4,180 3. 1399; obese EE NA 
N dtherlands JJ ?ꝛ 2, 527 857 270 R 
e ß ce 1,426 1,401 NA- Ee, ` ze 
EE EE 787 202 JJ weed 
Rumanig ----------- -o NA 2,178 000 ; -w omoes 
South Africa, Republic of.............. 2,806 A OO) cede uas boc 
—— p: 1,481 676 1,851 14242 Ä 
Switzerland Ea Seater teal Rene Ae . Ie Oe Tie . 665 25 I.. deme 
United Kingdom. ...................- 6,675 2,502 1,001 2,801 8,132 
United States 7,856 14,536 9,836 6,115 5,716 
USS ect MURS NA N NA 2,900 2,900 
Other countries 186 890 121 10 
/// -»» cee eee es 52,629 50,523  *42,978 14,316 14,678 11,661 


NA Not available. 
! Calculated from quantities reported in kilograms. 
29 months only (January-September). 


3 10 months only (January-October). Breakdown by countries not available 
4 Total includes 4th quarter (October-December) exports of 11,220 flasks not broken down by country. 


MERCURY 


Turkey.—Turkey has long been a small 
producer of mercury, but successful ex- 
ploration in recent years indicates that it 
could produce 20,000 or more flasks per 
year. In fact, it has been suggested that 
by 1972 Turkey could be producing 40,000 
flasks per year.“ 

Several new retorting plants were under 
construction or nearing completion. Prom- 
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ising discoveries have been made in the 
area extending almost 450 miles from the 
Karaburun Peninsula, near Izmir, to Nigde. 
Turkey’s mercury industry continued to be 
dominated by one government-owned and 
two private companies. Higher outputs 


were expected at nearly every significant 
mine in 1968—69.5 


TECHNOLOGY 


The U.S. Geological Survey conducted 
tests from an aircraft, in which air samples 
were taken at an altitude of 200 feet above 
ground. Using sophisticated analytical 
methods, the Survey found that the samples 
taken over an area of known mercury 
deposits contained 20 times the background 
level of mercury. Similar sampling over 
several copper deposits showed about 10 
times the background amounts. In tests at 
Cortez, Nev., samples of air collected at 
ground level contained anomalous amounts 
of mercury, which correlated with the dis- 
tribution of known gold-bearing rocks, 
concealed under as much as 100 feet of 
gravel in places. Near Battle Mountain, 
Nev., mercury was detected in the air 
around faults cutting through basalt, in 
which there had been no previous evidence 
of mercury. The conclusion from these 
tests was that air sampling for mercury 
probably will become an important new 
exploration tool, not only for mercury but 
for associated minerals as well. 

Technological innovations in a new make 
of mercury cell will reportedly decrease 
the amount of needed startup mercury by 
40 percent. The mercury requirement for 
a typical chlorine plant, producing 100 
tons per day, will be decreased from 135,- 


000 to 83,600 pounds.“ This technological 
development could have a significant effect 
on the demand for mercury. 

Mercury was among a group of metals 
shown to be separable by a process of se- 
lective absorption of metal-chloride vapors 
using activated carbon.’ A gaseous mix- 
ture of oxygen-free, fully reacted metal 
chlorides is placed in contact with heated, 
chlorine-treated, activated carbon at a tem- 
perature between 100°C and 700°C, spe- 
cifically selected above the volatization 
temperature for metal chlorides to be 
fractionated. Absorption by the carbon is 
selective, at least to some extent, depending 
on the metals present. After reaction, the 
loaded carbon can be stripped of its mer- 
cury or other metal. The effluent fraction 
is converted to metal by hydrolysis with 
steam, and the metal is smelted. 


4 U.S. Embassy, Ankara, Turkey. Mercury 
Industry of Turkey—An Updating. Department 
of State Airgram A-644, June 1L 1968, 18 pp. 

5 Mining Journal (London). Turkey’ 8 Expand- 
ne eeler V. 271, No. 6948, Sept. 18, 1968, 


p. 

e Chemical Engineering. V. 75, No. 2, Jan. 16, 
1968, pp. 18-19. 

7 Peterson, H. D., J. L. Drobnick, and S. B. 
Smith (assigned to West Virginia Pulp & Paper 


Co.). Method of Separating Metal Chlorides. 
U.S. Pat. 3,388,998, June 18, 1968. 
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Mica 


By Benjamin Petkof! 


The sale or use of domestically produced 
sheet mica has remained below that of 
the years prior to 1966. Only a small out- 
put of sheet mica was noted in 1968. The 
output of scrap and flake showed a signifi- 
cant increase over that of the previous 


year. The production of ground mica 
from scrap and flake remained strong. 
Imports of uncut sheet and punch declined 
while imports of scrap increased. All 
classes of exports showed substantial in- 
creases. 


Table 1.—Salient mica statistics 


1964 1965 1966 1967 1968 
United States: 
Sold or used by producers: 
Sheet mica................. thousand pounds 248 716 4 20 15 
/§ö;ðiuẽ ese Ee thousands $58 $185 $ W W 
Scrap and flake mia thousand short tons 5 120 113 119 125 
J777ö§⁵êI⏑%eeee%t%%eſ%e%ͤ 8 ousan $3,35 $3,468 33,732 $2,876 $8,014 
aona mieg thousand short tons 116 127 103 97 111 
EEN thousands.. $6,902 $7,615 36,247 35,756 $7,072 
Consumption: block and film . thousand pounds 2,618 2,659 2,818 1,972 ,628 
F ͥͥ h thousands.. $8,002 33,188 33,642 32,757 $2,591 
Consumption, splittings. .......- thousand pounds 7,608 8,260 7,100 6,188 4,785 
il See eee thousands.. $3,149 33,701 33,221 $2,759 $2,010 
Exports thousand short tons 5 4 6 1 
Imports for consumption. nn do 8 9 7 r 4 5 
World: Produetioů nn thousand pounds.. 322,695 345,457 323,411 317,097 337, 524 


r Revised. 
W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


Sheet Mica.—The output of sheet mica 
larger than punch and circle declined 
almost 27 percent from that of the pre- 
vious year. North Carolina was the only 
producing State. 


Scrap and Flake Mica.—The output of 
this mica category increased 5 percent in 
both quantity and value. North Carolina 
retained its status as the largest scrap and 
flake producer with 55 percent of total 
output. The remainder was produced in 
nine other States. 


Ground Mica.—Sales of ground mica 
again rose above 100,000 short tons and 
increased 15 percent over that of 1967; 
value increased 23 percent. The dry grind- 
ing process accounted for 87 percent of 
total output; the remainder was produced 
by the wet grinding process. Reports were 
received from 21 grinders operating 18 
dry and three wet grinding plants. 


1 Physical scientist, Division of Mineral Studies. 
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Table 2.—Mica sold or used by producers in the United States 


Sheet mica 
Uncut punch Uncut mica larger Scrap and flake 
Year and State and circle mica than Punch and Total sheet mica mica ! 
circle 
Short Value 
Pounds Value Pounds Value Pounds Value tons (thou- 
san 
1964- 2.2 ¿Zl Sus u 220,586 $87,698 22,076 $20,788 242,662 $58,481 114,729 $8,853 
ER sce —— 670,506 189,844 45,580 45,142 716,086 184,986 120,255 8,468 
10080... dn DsRETWS 4,500 99999 wccesus 4,500 905 118,133 8,782 
///»). cesses becca 20,500 W 20,500 W 118,508 2,816 
1968: 
North Carolina 15,000 W 15,000 W 69,054 1,640 
Other States.2o-:2056. ockCesez. DË cucases, et, (ee ceecced 266,269 21,874 
Total... lll.42xal 4.2. sapessa 15,000 W 15,000 W 126,828 8,014 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of feldspar 


and kaolin beneficiation. 


3 Alabama, Arizona, California, Connecticut, Georgia, New Mexico, Pennsylvania, South Carolina, and 


South Dakota. 


Table 3.—Ground mica sold by producers in the United States by methods of grinding 


T Dry-ground Wet-ground Total 
ear 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
/ — —— "—— ——— € 99,245 $4,897 16,725 $2,505 115,970 $6,902 
.; 110, 600 5,816 15,997 2,299 126,597 7,615 
r 87,861 4,110 16,089 2,197 103,450 6.247 
/w 8 82, 849 3,842 14, 204 1,915 97,058 5, 756 
%, ĩ5¹¹1. ceed 96,410 4,862 14,979 2,210 111,889 7,072 


1 Domestic and some imported scrap. 


CONSUMPTION AND USES 


Sheet Mica.—Consumption of sheet mica 
consisting of block, film, and splittings, 
declined 21 percent from 8.2 million 
pounds in 1967 to 6.4 million pounds in 
1968. 

The electronic, electric, and other in- 
dustries consumed about 1.6 million 
pounds of muscovite block and film. About 
half of this material was used in the manu- 
facture of vacuum tubes. The remainder 
was used to manufacture capacitors, elec- 
trical equipment, gage glass liners, and 
other items. Of the material consumed 4 
percent was classified as Good Stained or 
better, 45 percent Stained, and 51 percent 
lower than stained. 

Muscovite block and film was used dur- 
ing the year by 18 companies in 10 States. 
North Carolina with four consuming 
plants, and New Jersey and New York, 
with three each, consumed 61 percent of 


the domestically fabricated block and film 
mica. The consumption of phlogopite block 
declined 22 percent. 

Total consumption of mica splittings 
decreased 23 percent from that of 1967. 
The demand for splittings was met by 
imports primarily from India and the 
Malagasy Republic. End items were manu- 
factured from splittings by 12 companies 
in nine States. Six companies, two in New 
York, two in Pennsylvania, and one each 
in New Hampshire and Massachusetts, 
consumed almost 3.7 million pounds of 
splittings or about 77 percent of total 
consumption. 


Built-Up Mica.—Built-up mica was pre- 
pared by fabricators in various forms pri- 
marily for use as an insulating material. 
Output of built-up mica has been declining 
since 1965 and declined 20 percent from 
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Table 4.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica, by qualities and end-product uses in the United States in 1968 
(Pounds) 


Electronic uses Nonelectronic uses 
Variety, form, and quality 


Gag 
Capaci- Tubes Other Total 2 Other Total Grand 
d total 


tors and dia- 
phragms 
Muscovite 
Block: 
Good Stained or better. 1,037 6,826 2,405 10,268 5,052 ...... 5,052 15,320 
Stained.............. 48, 320 626, 607 24,388 694, 315 2, 447 6,516 8,968 703, 278 
Lower than Stained !.. 237, 782 181,640 75,311 494, 683 14, 080 285, 991 300,071 794, 754 
Total-.2l 2592s 282,089 815,073 102,104 1,199,266 21,579 292,507 314,086 1,513,352 
Film: 
suec qu uality..........- 6-018: asse. Legsce 5.3915 ceded sssusa m. ae 5,815 
Second quality........ 34,06 9h0Qu, 1,000 85,069 ..... .....-. ....-. 85,069 
Other quality......... 2,900 lil. kudune h sasa 3,800 
Tot! sess ee 42,684 1, 000 43,684 J... ulenwe weed 43, 684 
Block and film: 
Good Stained or 
better 2.__ 40,421 6,826 3,405 50,652 5,052 .....- 5,052 55,704 
Stained z) 46,620 626, 607 24, 388 697, 615 2, 447 6,516 8, 968 706, 578 
Lower than Stained. 237, er 181,640 75,311 494,683 14,080 285,991 300, 071 794,754 
Total.............- 324,773 815,073 108,104 1,242,950 21,579 292,507 314,086 1,557,036 
Phlogopite: Block (all qualities)... 2,889 2,889 ..... 67,787 67,787 70,676 


1 Includes punch mica. 
2 Includes first- and second-quality film. 
3 Includes other-quality film. 


Table 5.—Fabrication of muscovite ruby and nonruby block and film mica 
in the United States in 1968 by qualities and grades 


(Pounds) 
Grade 
Form, variety, and quality No. 4 
and No. 5 No. 5% No. 6 Other ! Total 
larger 
Block: 
Ruby: 

Good Stained or better 4,879 938 477 2. TOL. een 9,056 
Stan ed 12,046 40,036 58,393 517, 619 96,184 659,278 
Lower than Stained........... 38,820 88,211 60,607 344, ,423 213,973 745,484 
TOU. ese dereuneu SE 55,745 129,185 114,477 864,808 249, 557 1,413,767 

Nonruby: 
Good Stained or better 1,978 682 225 9,8980 ........ 6,265 
tëIned ssc cud ccd é 780 21,100 4,100 16,650 1,370 44,000 
Lower than Stained 9,600 18,770 550 3,900 16, 500 49,820 
NK GEN 12,358 40,552 4,875 23, 930 17,870 99, 585 

Film: 
Ruby: 

First Pipe C 590 525 750 900 ..------ 2,160 
Second quality............... 18, 585 7,910 3,624 9,950 ........ 33,469 
Other ùù̈i uses Sock. ` Séier Zeene “ee aceon... Jua oi 3,300 3,300 
e naa 19,175 8,435 4,374 4,250 9,300 39, 534 

Nonruby: 
Fr Eckel: xmesak 1,400 1,100. . 2222222 2,550 
Second quality.............-.-. 22222220  .......- 1800 8 1. 600 
GM ůͤůͥͤc ZZ.: yd ͥê ę˖ ”ꝙ / ⁰⁰y aues cie 
/ ²⁰˙ð -w .rꝛäꝶ⁵⁵ñ ͤ K k 3,000 1.150 Aer 4,150 


1 Figures for block mica include all smaller than No. 6 grade and punch“ mica. 
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Table 6.—Consumption and stocks of mica splittings in the United States, by sources 


(Thosand pounds and thousand dollars) 


Indian Malagasy Total 
Quantity Value Quantity Value Quantity Value 
Consumption: 
19 EE 7,261 32,949 347 3200 7,608 $3,149 
1900... ec n 8 7,948 ,618 312 188 ,26 „701 
E 6,749 3, 005 351 216 7,100 3,221 
11 089 5, 857 2, 566 831 198 6,188 2,159 
193888... ³ N 4,579 1,874 206 136 4,785 2,010 
Stocks Dec. 31 
/.. .·-.- — s 3, 523 NA 245 NA 8,768 NA 
E EECH 8,912 NA 210 NA 4,122 NA 
%% ͤ KK 3, 669 NA 206 NA 3,875 NA 
7/6 ett 0 Eu ELE 2,787 NA 159 NA 2,896 NA 
1968s occ uoo 88 2,469 NA 149 NA 2,618 NA 
NA Not available. 


the quantity used in 1967. Segment plate 
was the form in greatest demand (30 per- 
cent), followed closely by tape (29 per- 
cent), and molding plate (21 percent). 


Reconstituted Mica.—This form of mica 
was fabricated by the General Electric 
Co. at Schenectady, N.Y., the Samica Corp. 


Table 7.—Built-up mica! sold or used 
in the United States, by products 


(Thousand pounds and thousand dollars) 


1967 1968 
Product ——— rr 
Quantity Value Quantity Value 

Molding plate 994 $2,940 929 $2,733 
Segment plate.. 1,442 3,039 1,292 2,709 
Heater plate... 832 1,002 94 71 
Flexible (cold) 694 1,270 347 894 
Tape 1,740 6,032 1,225 4,270 
Other 284 716 435 1,186 
Total 2.. 5,336 14,999 4,264 11,863 


1 Consists of alternate layers of binder and irregu- 
larly arranged and partly overlapped splittings. 

2 Data may not add to totals shown because of 
independent rounding. 


at Rutland, Vt., and the Acim Paper Corp. 
at New Hyde Park, N.Y., from specially 
delaminated mica scrap by papermaking 
techniques. 


Table 8.—Ground mica sold by producers 
in the United States, by uses 


1967 1968 

Use Short Value Short Value 

tons (thou- tons  (thou- 

sands) sands) 
Roofing --- 27,161 $920 28,413 3909 
Wallpaper W „04 90 
Rubber 6,19 676 6,962 779 
Paint... 22,374 1,976 24,146 2,295 
Plastics 9 126 903 125 
Welding rods... 525 26 738 85 
Joint cement... 17,068 945 30,953 2,227 
Other uses !.... 22,831 1,089 18,225 611 
Total?.. 97,058 5,756 111,389 7,072 


W Withheld to avoid disclosing individual com- 
pany confidential data, included with “Other uses." 

1 Includes mica used for molded electric insulation, 
house insulation, Christmas tree snow, annealing, 
well drilling, other purposes and uses indicated by 
symbol W. 

2 Data may not add to totals shown because of 
independent rounding. 


PRICES 


Prices quoted for domestic clear sheet 
mica as reported in the Engineering and 
Mining Journal ranged from 7 to 12 cents 
per pound for the smallest size (punch) 
to $4 to $8 per pound for 6- by 8-inch 
sheets. Stained or electric mica was quoted 


10 to 20 percent lower. Scrap and flake 
mica was quoted at $30 to $40 per short 
ton, depending on quality. 

Prices of wet and dry ground mica 
remained unchanged from those of the 
previous year. 


MICA 
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Table 9.—Price of dry- or wet-ground mica 
in the United States in 19671 


Cents 
per 
pound 
Dry-ground: 
Faint, 100 mesh..............-..... 851 
Plastic, 100 mesh................... 834 
Hootng, 20 to 80 mess 2—8 
Wet groun 32 
EE 7 
Biotite, less than carlots !*............ 8 
Paint or lacquer, 325 mes 8 
Paint or lacquer, 325 mesh, less than 
r eee .......... 9 
RUDDOl 225. zu soul uuu Sir ees 8 
Rubber, less than earlots 9 
e erg 9 


1 In bags at works, carlots, unless otherwise noted. 

2 Preig] t allowed east of the Mississippi River, 

cent higher west of the Mississippi River, 1 cent 

her west of the Rockies. 

š Ex-warehouse or freight allowed east of the 
Mississippi River. 


Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE 


Total exports of all classes of mica 
almost doubled but rose only slightly in 
value. Exports consisted primarily of ground 
mica. 

Imports of scrap mica tripled in both 
quantity and value over that of 1967. 


Uncut sheet and punch mica declined 14 
percent in quantity and 23 percent in 
value. Imports of manufactured mica de- 
clined slightly in quantity but remained 
unchanged in value. 
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Table 10.—U.S. exports of mica and manufactures of mica, 1968 by countries 


Mica, including sheet, 
waste and scrap Manufactured 
Destination and ground 
Pounds Value Pounds Value 
- (thousands) (thousands) 
pene pies wie te oe ⅛ð 2 eeu 1,107,451 3% . -.--...-. 
Arabia Peninsula States, n.e.e . .. ......- 65, Ëer 8 
FK eh TEE EEN 26,400 8 6,254 $21 
SE TEE 271,400 22 11,658 87 
TN TT WEE 1 11,088 18 
Belgium- Luxembourg 168,265 13 1,116 8 
1! 2g elc m dc su y ene m uS ; 8 810 1 
. ³⁰¹.. ei ss ĩ d dA e 7,468,059 431 230,395 670 
Chllg. EE SL iL Pr : 7 „013 25 
, ß . eece le SO Su 82,680 2 1,799 6 
minican Republik 145,000 H ee uw oss 
CO mee RM Hcc RE 552,509 28 9,768 26 
Germany; WY OBE ERE AIR A A EE he ees 289,514 23 17,552 25 
PJ!!! ²³Ü.AA ]] « ee Sec Edad c MES 166, 600 20 688 2 
Tn TCR NE ? 825,956 47 469 
(d up tu rM E A ER 286,60 11 81,822 128 
TE CT EE 8,751, 738 384 13,200 
TT EE owe oe 2,393, 11 75 8,417 88 
ÉITER 1,102,850 SE 
I eege 84,500 7 50 () 
T i en ⁰⁰ↄ a ĩ ee 8 197 , 587 15 20,611 74 
Nethendsss 8 243,423 13 1.717 18 
New Guinea... ..............................- 100,000 8 180 5 
New Zealand õÜ˙ A m a sacs snuck 40, 500 2 62 (a 
KEEN 178 ,824 CV Bote: 
CCCCC(öôõĩõͤÜ1[ ⁵ U 8 38,9 2 106 (1) 
J))! ³oAAAAͥAſ 8 217, 590 12 3,817 9 
Fill ³ðV Gules dS 130, 800 12 1,596 5 
ET EE 150,000 11 168 1 
South Africa, Republic of g 80,000 ` 2 4,984 14 
pH oe eA mm ß ĩ 8 28,650 1 8,041 88 
Sweden. ↄOGhͥͥ a ⁰ ⁰ Da miu ud Ceu 8 83,000 8 20,996 29 
h ³o³/ſ AAA 88,500 4 ,082 9 
r . . ease Sasha 170, 121 14 „062 11 
Trinidad and Tobago „ 166,332 25 207 2 
United Kingdommũmdmũd „„ 262,784 98 88,274 88 
Venezuela- eege 862,772 46 ,208 10 
Other countries 282,458 80 7,409 40 
J...! ³ é A d us 27,014, 321 1,408 414,509 1,858 
1 Less than 1⁄4 unit. 
Table 11.—U.S. exports and imports of mica 
(Thousand pounds and thousand dollars) 
Exports Imports for consumption 
Year All classes Uncut sheet Scrap Manufactured 
and punch 
Quantity Value Quantity Value Quantity Value Quantity Value 
1966...........- 11,348 $2,541 8,247 $8,993 2,642 $71 7,585 $6,670 
1980 . esos 14,829 2,084 1,738 1,990 1,016 26 ,440 8,878 
1968...........- 27,489 2,766 1,491 1,589 8,217 77 5,298 3, 878 
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Table 12.—U.S. imports for consumption of mica by kinds and countries 


Unmanufactured ! 
Waste and scrap Other 
Block mica 
Year and country Phlogopite Other Muscovite Other. e. 
Value Value Vz ue 
Pounds (thou- Pounds (thou- Pounds eg Pounds ise. Pounds ou- 
sands) san san sands) M 
1989 88 346,029 MS 2,296,819 $55 2,520,118 $2,858 885,721 $487 391,427 $708 
kr 8 119, 920 '896, 177 22 1, "141, 088 1,820 812, 022 864 280, 321 305 
1968: 
Argentina F 3 ` ͥ ðê + = sha Sas a -.-. 1,543 2 
Brazil. -... 260,005 6 700, 387 710 166,187 236 16, 070 14 
Ceylon........... .. 3 j T8 iet 45 (3) 
Hong Kong. 33 3 METERS 341 6 
India... ( ĩð _..... wm 2,564,091 61 425,625 329 10,980 40 18, 369 61 
Japan. 8 sasa: scd cur . nore — 50 8 
Malagas 
Republic. - 93,069 8 SSS UENDE 110 (9) 49,153 91 
ieee Kccces eee, o wdeccuee S 
Mozambique - MOS ae E faci 551 () 661 2 
Pakistan. 7 ͤõͤͥͤ easda ` Ee oae 218 4 
South Africa, 
Republic ot. -... 180,000 Lt amu. (feces) EE -... 88,218 11 
Southern Africa, 
lO. auae LE Senade acad ctae See icc ͤ A oru 21 (3) 
Tanzania......... ...... SG ME 2,649 2 8,648 42 1 
United Kingdom b 1 ̃ . eee — 800 5 
Total 98,069 5 3, 124, 096 72 1,128,661 1,041 186,426 298 175,528 200 
Manufactured . 
Not cut or stamped Cut or stamped 
Splittings not over 0.006 
inch in thickness Not over 0.006 Over 0.006 inch 
inch in thickness in thickness 
Value Value Value Value 
Pounds (hon, Pounds  (thou- Pounds  (thou- Pounds  (thou- 
sands) sands) sands) sands) 
19838 onem ER 6, 797, 895 2,694 291,461 882 189,828 2,687 92,0738 255 
19 eee ewe 4,884,508 1,700 111,856 300 66,4938 1,049 92,765 167 
1968: 
Brazil. 390 1 88,989 39 2,974 9 8,177 22 
SE JJ ee 800 . NEES 
SE EE GE Wee dE 128 i!! 
Germany. WeSt2c: eier, Reviews ge deet Lewes 25 4 (3) 
India 4,686,989 1,2897 89,777 119 86,696 1,211 69,951 98 
ase. y 88 | P c RUNS 
Angle wex ada gS 18,011 ))! ³Ä¹XÄAXAu c Sis hOai 
FGòö;O?r·¹ JJ,, ⁵ꝛ w ` eessen ³ A Jam 149 Fßͥ ͤ aioosce 
Leeward and 
Windward 
))))! 70 1 1,132 CCC 
y 
Republic....... 155,635 89 220 1 661 FF 
)))); ³Ä AJA ĩð d NUAGE 8,501 124 8,508 28 
Mozambique 2,425 J) Juss. irure 8,280 2 
Netherignds 32222. _......-... : Ee Lese vida ed 197 13 
odesia, 
/ ˙—ꝓ qui E Aer -cGadgas- usce. ëng 16,765 14 
South Africa, 
Republic of 18,008 A uude eut AREPAN 18,410 21 
MIWA 22. Ee ee uad 55 381 6 2 
United KingdoumuutIr̃w-̃ 4 2,490 62 82 1 
Total 4, 808, 447 1,339 97,997 2833 98, 594 1 444 120, 889 191 
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Table 12.—U.S. imports for consumption of mica by kinds and countries— Continued 


Mica plates and 
built-up mica 
Year and country 
Pounds Value 
(thousan 
19666. 53, 205 $87 
1961... cunas ee 42,172 57 
1968: 
Belgium- 
Luxembourg 11,136 9 
Canada 822 17 
Ee 8 ae 
Germany, West... 27,242 9 
Eeer Wee eee MOM 
Japan 1,028 
Leeward and 
Windward 
Islands EEN 
Netherlands...... .......... wate 
Taiwan soos 
United Kingdom 182 
Total... . . . . 45,860 77 


Ground Articles not especially 
or pulverized provided for of mica 
Pounds Value Pounds Value 
(thousands) (thousands) 

148 ,246 $11 13,359 3104 
226, 501 21 15, 185 79 
8 225. 1,961 4 
113,816 12 40 2 
NE MM 269 1 
800 1,405 11 
— — "€ 2 (3) 
5 T 850 1 
EE TEENS 143 6 
5 NE 546 12 
ER SE 8,828 89 
113,616 18 8,039 76 


In addition to classes shown, 2, 200 ponnes. ($400) of untrimmed phlogopite from which no piece over 


2 by 1 inch may be cut was imported from 
2 Less than 1$ unit. 


WORLD REVIEW 


India.—Crude mica production declined 
23 percent from 24,308 tons in 1966 to 
18,758 tons in 1967; value declined from 
$2.9 million in 1966 to $2.3 million in 
1967. Exports of all mica categories de- 
clined in 1967 except for ground mica 
which increased slightly. Exports to the 
U.S.S.R. and other Eastern European coun- 
tries increased from 12 percent of the 
1966 total to 19 percent in 1967. Exports 
of block mica to France, Italy, Japan, the 
Netherlands, Spain, and Sweden increased 
while exports to Australia, Austria, Switzer- 
land, Taiwan, the United Kingdom, and 


the United States decreased.“ The decline 
in production and exports has been attrib- 
uted to the use of substitute materials in 
consuming countries and the sale of sheet 
mica from the U.S. stockpile. As a result 
of these declines as many as 190 mica 
mines out of a total of 495 that were in 
operation in the State of Bihar in 1965, 
were closed.“ 


2 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 10, October 1968, p. 25. 

3Mining Journal] (London). Indian Mica in 
Orar UTE, V. 271, No. 6939, Aug. 16, 1968, 
p. 2 | 
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Table 13.—World production of mica by countries! 
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(Thousand pounds) 
Country 1964 1965 1966 1967 1968 » 
North America: 
Canada (pimienta): 
Block... AAA 88 89 13 E Soules eso 
e ecco edocs 616 298 // 0-255 252 
e EE sasa 494 286 POOL. Z EE 
/ ³·˙· ce u Su coke r 670 * 1,204 878 1,949 1,625 
United States (sold or used by pro- 
ducers): 
Shegt...22l2222:209ccb22209 cued 248 716 r 20 15 
PAD chee Ä 229,458 240,510 226, 268 287,006 250,646 
South America: 
entina: 
Seren. .. e 815 281 e r 990 p 802 NA 
Waste, scrap, eta 1,178 260 e 260 P 1,894 NA 
Brag oon. 0s ¾ . 4] m med Eid 8,241 9,089 r 2,244 22,295 e 2,205 
Europe: 
Ql. Lc LE ĩðx E ee 2 646 430 e 440 631 e 551 
Norway, including scrap ?............- 8,818 6,614 6,610 9,885 * 9,921 
e e 2029222 NA NA 8,530 8,653 e 8,527 
Yugoslavia___. 26 119 er 120 260 NA 
ca: 
Malagasy Republic (phlogopite): 
OG e Sie ee E 205 201 141 119 172 
Splittings..-. -2-2-2 .- 1,299 1,186 1,440 31,515 31,825 
Mozambique, including scrap......... ......... 22 NA 220 NA 
South Africa, Republic of: 
CGC oe ee SE 104 20 
e EE EE 6,764 5,000 r 4,927 10,181 17,456 
South-West Africa, Territory of 881 260 5 NA NA 
Tanzania: 
leede 211 227 194 201 154 
Soerap-..--.......... ........... 824 870 880 278 527 
Asia: India *: 

LOCK zz ee . . 8 4,264 3,179 8,662 8,543 8,816 
SplittinNgsS..-. cocccolwncecseescawe 19,378 20,781 14,138 12,185 13, 598 
Self ĩðâu ecce ee oc 42 ,256 58,781 54,901 30,951 81,466 

Oceania: Australia: Damour ite 1,270 r 1,728 r 1,198 NA 
Total 5 oc casar re ELENA r 322,695 345,457 r328,411 * 317,097 337,524 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Mica is also produced in China (mainland), Rumania, Southern Rhodesia, Sweden, and U.S.S.R., but data 


on production are not available. 
2 Exports. 


3 Includes splittings 1,068, scrap 452 in 1967; and splittings 1,598, scrap 227 in 1968. 
4 Includes condenser film as follows, in thousands: 1964, 198 pounds; 1965, 176 pounds; 1966, 212 pounds; 


1967, 208 pounds; 1968, 192 pounds. 
s Total is of listed figures only. 


TECHNOLOGY 


A comprehensive report was published 
on the fluorine micas and covered nearly 
all phases of research, development, and 
commercial application of this material by 
both government and industry. The report 
describes the arc-resistance method for the 
synthesis of fluorine micas that has been 
adopted by industry for commercial pro- 
duction.* 

A method was developed to make mica 
paper having good insulating and electrical 
properties at high temperature without 
the use of a binder. Thin mica flakes are 


treated in aqua regia to remove contami- 
nates and electrified particles that tend to 
hold the flakes apart. The flakes are washed 
in distilled water and dried on a screen 
where they cling together through natural 
attraction." 


*Shell Haskiel R., and Kenneth H. Ivey. 
P aine Micas. BuMines Bull 647, 1969, pp. 


5 Miller, J. L., Jr. and Kenneth H. Ivey 
(assigned to the U.S. Department of the 
Interior). Method of Making Paper From Mica 
Flakes Which Have Been Subjected to Hot 
Aqua Regia. U.S. Pat. 3,390,045, June 25, 1968. 


U.S. GOVERNMENT PRINTING OFFICE: 1969 0—392-739/44 


Digitized by Google 


Molybdenum 


By John L. Morning ! 


The year was marked by a plentiful 
supply of molybdenum despite production 
losses resulting from labor problems in 
North America and reduced production in 
Chile. U.S. output reached a record high, 
whereas Canadian output was about the 
same as in 1967. Three mines, two domes- 
tic and one Canadian, completed their first 


full year of operation and helped to offset 
the production loss. 

Industry stocks increased to a high level 
as consumption failed to maintain the 
spectacular growth rate of the middle 
1960’s. A lower level of molybdenum ex- 
ports contributed to building the industrial 
inventory. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient molybdenum statistics 


(Thousand pounds of contained molybdenum and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 
Concentrate: 
ess é 65, 605 77,372 90,532 90,097 93 ,477 
Shipnments.. .-------------------- 65,097 77,810 91, 670 81, 596 93,245 
Value re ee $97,121 $120,801 $144,827 $188,604 8151, 000 
Consumption...............-.--.- 56,409 68 ,112 15,476 58 , 967 15,647 
Imports for eonsump tion. 142 1,179 
Stock, Dec. 31: Mine and plant 4,308 4,208 8,498 9,919 12,208 
Primary products: 
Production 55, 946 66,616 74,392 54,922 69,675 
Ship ments 60,408 71,718 78,811 57,281 68,761 
Consumption. -_........-.-.-..---- 43,119 48,621 52,324 49,506 49,271 
Stocks, Dec. 31: Producers 4,398 ; ,94 ,156 18,170 
Free world: Production 11,908 98,531 124, 988 126,416 125,673 


Legislation and Government Programs.— 
American Metal Climax, Inc. (AMAX), 
made the final shipment against a govern- 
ment contract to upgrade molybdenum con- 
centrate to Grade B ferromolydbenum. 
Payment for the upgrading work was made 
in ferronickel ingot from the Government 
stockpile. All subobjectives of the. molyb- 
denum stockpiling program have now been 
fulfilled. 

Molybdenum excess to stockpile needs 
and available for sale under government 
programs totaled nearly 16 million pounds 
at yearend. During 1968, the stockpile was 
reduced 2.7 million pounds of molybdenum 
compared with a reduction of 1.8 million 
pounds in 1967. 


Table 2.—Molybdenum material in 
government inventories on 


December 31, 1968 


(Thousand pounds molybdenum) 


Stockpile National 


Type objective (strategic) 

stock lo 
Concentrate................ 21,250 84,931 
Ferromolybdenum. ......... , 500 7,501 
Molybdic oxide 10,000 12,279 
er 1 88,760 64,711 


1 Equivalent to 40 million pounds of molybdenum 
in concentrate. 
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DOMESTIC PRODUCTION 


Molybdenum production increased to a 
record high of 94 million pounds despite 
loss of some byproduct production during 
the first quarter. Of the total output, about 
73 percent was produced from primary 
molybdenum mines and the balance was 
recovered as a byproduct from copper, 
tungsten, and uranium operations. Phelps 
Dodge Corp. closed down its molybdenum 
Circuit at Morenci, Ariz., and no longer 
is a molybdenum producer. 

AMAX announced its molybdenum pro- 
duction rose to a record high of 60 million 
pounds in 1968. The new Urad mine com- 
pleted its first full year of operation, while 
the plant to recover molybdenum from 
oxide ore at the Climax mine was closed 
down. The process at the oxide plant, 
which had a capacity of 3 million pounds 
annually, was reported to be inherently 
more costly than regular molybdenum sul- 
fide recovery. Successful operation of the 
plant provided valuable experience that 
may be applicable to other oxide ore. The 
development of the Henderson molybdenum 
deposit was reportedly on schedule. 

Molybdenum production at Questa, 
N. Mex., by Molybdenum Corporation of 
America (Molycorp) was reportedly 9.1 
million pounds. Production problems dur- 
ing the first 6 months were corrected at 
midyear and a higher production rate was 
achieved during the second 6 months. 
Molycorp announced plans to expand its 
production to 14 million pounds annually 
by late 1969. Development of increased 
ore reserve made the planned expansion 
possible. Proven and probable ore reserve 
total 157 million tons grading 0.186 per- 
cent molybdenum disulfide. 

Molycorp’s exploration activities dis- 
covered a potential large low-grade molyb- 
denum deposit 6 miles from its present 
operation. Grade of the deposit was re- 


ported to be about the same as the main 
Questa orebody. 

Despite a 3 month loss of production 
owing to the copper strike, Magma Copper 
Co. according to its annual report pro- 
duced 4.6 million pounds of molybdenum 
sulfide (MoSe2). A 50-percent plant ex- 
pansion was scheduled to start in 1969 
with full production expected early in 
1971. During its first full year of recover- 
ing molybdenum, Pima Mining Co. pro- 
duced 1.5 million pounds according to the 
annual report of Cyprus Mines Corp. 

Duval Sierrita Corp. began development 
work to bring into production its new 
Sierrita mine adjoining Duval Corp’s. 
Esperanza mine south of Tucson, Ariz. by 
1970. Initial plans called for a 60,000-ton- 
per-day facility which would produce 12 
million pounds of molybdenum annually 
from its copper-molybdenum ore. In 
December, Duval announced an expansion 
of the facilities to 72,000 tons, making it 
the largest single copper-molybdenum plant 
in North America. 

A small copper-molybdenum deposit was 
discovered near Jackman, Maine, by East 
Range Co., a Noranda Mines Ltd. sub- 
sidiary. Drilling tests indicated about 20 
million tons of low-grade material. Spooner 
Mines and Oil Ltd. planned to drill on 22 
claims adjoining to the south. 

The Anaconda Company announced pro- 
vision was being made to recover molyb- 
denum at its Twin Buttes mine when 
operation begins in 1969. Whittaker Corp. 
acquired M&R Refractory Metals, Inc., 
a producer of molybdenum primary prod- 
ucts. M&R has manufacturing plants in 
Winslow, N.J., and the Netherlands. Penn- 
zoil United Inc. became the parent cor- 
poration of Duval Corp. following a merger 


of the United Gas Corporation and the 


Pennzoil Company. 
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Table 3.—Production, shipments, and stocks of molybdenum products in the United States 
(Thousand pounds of contained molybdenum) 


1967 1968 1967 1968 1967 1968 
Molybdic oxide ! Metal powder A mmonium molybdate 
Received from other pone 3 8,993 4,497 88 65 218 184 
Gross production during year.........- 50,891 68 , 798 2,8926 2,615 1,291 1,885 
Used to make other Products: listed here_ 12,422 17,289 1,136 625 789 1,279 
Net production.....................-- 87,969 51,504 1,190 1,990 552 556 
Shipments: 
Domestic eonsumers 85,073 89,290 1,537 1,895 561 453 
Exports-...... . m -2 „792 8,683 8 2 249 277 
// ³ĩ¹W.6i¹AA ĩ ͤ K Cee 40, 865 47, 972 1, 540 1, 897 810 730 
Producer stocks, Dec. 381____. 3,211 11, 385 347 509 190 210 
Sodium molybdate Other 2 Total ? 
Received from other producers 62 62 85 146 8,746 4,954 
Gross production during year 832 989 14,401 14,702 69,241 88,934 
Used to make other products listed here. 17 2b 5 42 14,319 19,259 
Net production 815 965 14,896 14,660 54,922 69,675 
Shipments: 
Domestic consumer”ns 780 808 12 ,070 11,016 50,021 53,462 
Eaporta «%«mů 25 56 1,141 1,282 7,210 10,299 
Total —— ete cheese 805 864 13,211 12,298 57,231 63, 761 
Producer SC Dec. 81... 110 261 8,298 5,805 7,156 18,170 


1 Includes molybdic oxide briquets, molybdic acid, and molybdenum trioxide. 
? Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, pellets, 
mol bdenum pentachloride, and molybdenum hexacarbonyl. 
ata may not add to totals shown because of rounding. 


CONSUMPTION AND USES 


Reported molybdenum consumption was 
about the same as in 1967. Molybdenum 
consumption is closely associated with the 
level of activity of the iron and steel in- 
dustry, particularly in the production of 
alloy and stainless steels. 

Molybdenum was used in various alloy 
steels to impart particular properties. From 
0.2 to 0.5 percent molybdenum was added 
to certain high-strength structural steels 
which are used in fabrication of machinery, 
buildings, bridges, and pressure vessels. 
Molybdenum additions of 0.25 to 8 per- 
cent were made to ultrahigh strength steels 
for use in aircraft, missile structural mate- 
rial, and rail and truck transportation 
equipment. Maraging steels which have 
been developed in recent years contain 
3.25 to 4.80 percent molybdenum. 

The second largest end use for molyb- 
denum was in various grades of stainless 
steel for its contribution to corrosion resis- 
tance and high temperature properties. 
Large volume applications for these stain- 
less steel grades were in chemical process- 
ing equipment, automobiles, and stainless 
flatware. 

An important use for molybdenum was 


in high speed tool steels which contain up 
to 8.5 percent molybdenum with an aver- 
age for this grade estimated at 4 percent. 
Standard tool steel in the high alloy or 
hot worked grades contain 1.0 to 1.5 
percent molybdenum. Molybdenum was 
used in the foundry industry to increase 
hardenability and elevated temperature 
strength of gray, white, malleable, and 
ductile iron. Molybdenum metal was used 
in a wide variety of applications in the 
electrical and electronic industries, in in- 
dustrial high temperature equipment, and 
in chemical processing equipment. 

Other important uses for molybdenum 
were chemical and lubrication applications. 
Molybdenum catalysts are used in many 
processes, but the largest use was in hydro- 
treating and hydrocracking processes in 
the petroleum industry. Purified molyb- 
denum disulfide was utilized as a lubricant, 
either alone or as an additive to greases. 

A minor use for molybdenum was as an 
addition to fertilizers, which are used in 
areas where soils are deficient in this trace 
element. Molybdenum is one of seven 
micronutrients required for growth and 
development of plants. 
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Table 4.—Consumption of molybdenum materials by end uses, in 1968 ` 


(Thousand pounds, contained molybdenum) 


Ammo- Other 
Molybdie Ferro- nium and  molyb- 
End uses oxides molyb- um um Total ? 
denum ! molyb- mate- 
date 2 
Steel Sc and castings) 
and tool 1,998 1,028 _....-.-- 157 8,178 
EE 4,191 1,826 ........ 42 6,059 
SÉ excludit stainless ))) 18,256 1,672 — 10 989 
C1 mhm h.. k 8 2,674 204- 222.224: 0840.9 ,969 
Other )))» ĩͤ v da 67 222 (4) 109 
ih enedscosmamseUuae sce 1,824 2,804 W 82 4,210 
Cutting and wear resistant materials 62 250 ¿S 6 317 
Welding and hardfacing rods and materials. 406 .......- 12 418 
Nonferrous alloys............................. 160 641 luu... 1,151 2,043 
Electrical materials JT 2 28 
Chemical and ceramic uses 
Catal vata 2 e L esscweseseua een 1.289 2222252 500 1.792 
Pigments KEE TIO 2; iss 889 12 1,170 
Lubriódnig..... Ee, 749 751 
C11 : y y ce 2 80 — 69 86 285 
Miscellaneous and unspecifled— o2------2--- 2,884 788 2,462 5,564 
Ee 88 , 792 9,727 961 4,791 49 ,271 
Stocks at consumer plants Dec. 81.............. 4,608 2,099 88 711 5501 


W Withheld to avoid disclosing individual company confidential data, included in miscellaneous and un- 


specified. 
1 Includes calcium molybdate. 


3 Includes purified molybdenum phn bar molybdenite concentrate added direct to steel, molybdenum 


metal powder and molybdenum metal pe 


3 Data may not add to nns shown Pie 16 independent rounding. 


1 Less than Le reporting uni 


STOCKS 


As domestic production of molybdenum 
outpaced demand, the domestic industrial 
molybdenum inventory increased to the 
largest quantity on record. During most of 
the year producer stocks increased monthly, 
but at yearend large export shipments 


were made in anticipaticn of extended 
labor problems in the shipping industry. 
In contrast, consumiers with an adequate 
supply assured decreased their inventory 
of molybdenum by 2.8 million pounds 
during the year. 


PRICES 


Published molybdenum prices of January 
1967 remained in effect during 1968. 
Owing to the large supply some discount- 
ing of price was reported during the year, 
especially for molybdenum concentrate 
from byproduct sources. Prices in effect at 


FOREIGN 


Exports of ferromolybdenum and molyb- 
denum metal powder dropped sharply as 
total molybdenum exports decreased about 
5 percent and value decreased about 9 
percent compared with those of 1967. 
World consumers worked off stocks accu- 
mulated as a hedge against a possible short 
supply situation that failed to materialize. 


yearend for products sold on a per pound 
molybdenum basis were as follows: Molyb- 
denum concentrate, $1.62; bagged molybdic 
oxide, $1.82; and ferromolybdenum, $2.11. 
Pure molybdic oxide was priced at $1.40 
per pound. 


TRADE 


Heavy exports of molybdenum concentrate 
(including roasted concentrate) during the 
last 2 months of the year, in anticipation of 
labor problems in the shipping industry, 
helped to prevent a larger decrease in 
exports. Reexports of molybdenum ore and 
concentrate to Japan totaled 53,175 pounds 
molybdenum valued at $96,979. Reexports 


MOLYBDENUM 


of molybdenum metal powder to Canada 
totaled 16,400 pounds valued at $22,000. 
Imports of molybdenum concentrate and 
technical oxide are normally small except 
during periods of short supply. For 1968, 
molybdenum concentrate imports totaled 
1,223 pounds of contained molybdenum 
valued at $2,000. Imports of material in 
chief value molybdenum (believed to be 
mainly technical oxide) totaled 208,095 
pounds of molybdenum valued at $337,535. 
The molybdenum concentrate came from 
Chile, whereas material in chief value 
molybdenum came mainly from Canada. 
No import transaction was reported for 
ferromolybdenum. | 
Molybdenum waste and scrap imported 
from six countries totaled 220,302 pounds 
of molybdenum valued at $460, 196; the 
Netherlands and West Germany were the 
principal suppliers. Imports of unwrought 
molybdenum totaled 1,600 pounds of con- 


717 


Molybdenum chemicals and related 
products imported included ammonium 
molybdate, containing 3,695 pounds of 
molybdenum valued at $9,548; molybdenum 
compounds, containing 1,353 pounds of 
molybdenum valued at $10,312; mixtures 
of inorganic compounds chief value molyb- 
denum, containing 83 pounds of molyb- 
denum valued at $564; and molybdenum 
orange, 112,037 pounds gross weight valued 
at $35,716. There were no transactions for 
calcium, potassium, and sodium molybdates. 

At yearend, the second stage of tariff 
reductions became effective under the 1967 
Kennedy Round of Tariff Negotiations. 


Table 5.—Molybdenum reported by 
producers as shipments for exports 
from the United States 


(Thousand pounds of contained molybdenum) 


tained molybdenum valued at $5,835. Eight Product 1967 1968 
countries supplied wrought molybdenum 
5 See Ke us ro pue Molyboenite. concentrate one 5 cht 19, t 
weight valued at 3 ; Austria an Oly die oxide--..-.-.--.-- , 
Sweden were the principal suppliers. VT 1; 617 
Table 6.— U. S. exports of molybdenum ore and concentrates 
(including roasted concentrates), by countries 
(Thousand pounds and thousand dollars) 
! 1967 1968 
Destination 
Molybdenum Value Molybdenum Value 
(eontent) (content) 
Australia 8 $121 147 $268 
Kn A S ES 252 621 27 50 
Belgium-Luxembourg..................- 1,878 3,882 2,880 4,007 
eelere 1 8 111 111 
RT TEE EEN 3,415 5,312 1,394 1,497 
Czechoslovakia. 158 282 
Franc- cs uu ees cece ees 1,526 2,651 1,117 1,840 
Germany, West... 1,971 8,502 1,989 8,068 
(CT, TEE 57 106 
WOOLY P EE ñ «² 1d... 8 5 78 4 
/ ³¹w¹¹A ͤ K e e rua. 2, 690 4,916 5,088 9,100 
Mexico... -2MM 26 56 1 878 
Netherlands 16,287 27, 602 14, 652 24,671 
New sand EE 7 b 
Hara JJ dd 21 48 41 7 
‘Africa, Republic of- 20 50 62 116 
Shain l n 1 (D) 1 1 
Sweden 582 950 788 1. 172 
United Kingdom -------- 488 775 719 1,158 
Venezuela 55 94 119 190 
)); ͤö. ü 8 5 5 15 82 
p t —— asss 80,000 61,434 29,006 - 48,070 
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Table 7.—U.S. exports of Table 7.—U.S. exports of 


molybdenum products molybdenum products—Continued 


(Thousand pounds, gross weight, 


1967 1968 
and thousand dollars) Product and NOEL CC te, tee 
country Quan- Value Quan- Value 
1967 1968 tity tity 
untry Guan Value Quan- Val 
coun uan- ue Quan- ue 
š Powder: 
tity tity q Canada... 218 3352 $29 
Mu eS io dB 10 14 
Ferromolybdenum: ! ` Mexico------.- 
Australia 94 3190 11 $21 8 uc er^ E, 6 
Brazil........- 81 188 108 145 en 5 22 E Le 
Canada........ 317 426 285 867 er-.-.------- 
CCC Total........ 241 434 58 170 
Mexico 47 75 88 128 | 
Netherlands... ` 888 507 120 159 
South Africa, f Semifabricated 
Republic of 160 217 55 718 forms, n.e.c.: 
United Canada.......- 4 80 5 55 
Kingdom.... 20 222 hayu France 4 26 8 28 
Yugoslavia..... ..... ..... 46 63 Germany, 
Other 62 102 31 49 West 1 9 8 80 
—D Italy 2 16 2 14 
Total. 1,588 2,486 868 1,194 Japan 227 484 84 181 
SSS Mexico 14 20 8 19 
Metal and alloys in Netherlands 2 4 8 39 
erude form and South Africa, 
scrap: Republic of 2 15 5 81 
Germany, United 
West 15 13 9 16 Kingdom 9 77 2 28 
Japan 9 19 145 156 Other 27 71 8 72 
Mexico ` 18 TT 
United ? 0 A i5 : 1 Total 292 702 118 487 
om 2 
Other 8 20 11 29 KS SEN ef 8 
1 chi ne donum contains about 60 to 65 
Total 50 131 293 217 percent molybdenum. 
unit. 
ire: 
Brazil......... 10 107 5 65 
1 8 13 818 9 200 
5 46 3 56 
Netherlands. ... 1 22 4 69 
TM NOE 8 178 5 161 
Total 34 661 26 551 
Table 8.— U.S. import duties 
Item Articles Rate of duty, January 1, 1969 1 
° 
601.88 Molybdenum ore 19 cents per pound on molybdenum content. 
608.40 Material in chief value molybdenum........ 16 cents per pound on molybdenum content plus 
4.5 percent ad valorem. 
607.40 Ferromolybdenum.......................- Do. 
Molybdenum: | 
628.70 Waste and scrap. zzz 16.5 percent ad valorem. 
628.72 Unerought 16 cents per pound on molybdenum content plus 4.5 


percent ad valorem. 
628.74 Wrought__... ee 20 percent ad valorem. 
Molybdenum chemicals: 


417.28 Ammonium molybdate................ 16 cents per pound on molybdenum content plus 4.5 
percent ad valorem. 
418.26 Calcium molybdate..................- Do. 
419.60 Molybdenum compounds Do. 
420.22 Potassium rir fans CCC Do. 
421.10 Sodium molybdate - Do. 
423.88 Mixtures of inorganic compounds, chief 
: valu e molybdenum................. Do. 
478.18 Molybdenum orange..... MOSS 8 percent ad valorem. 


1 Not applicable to Communist countries. 
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WORLD 


Argentina.—A United Nations Special 
Fund project, Plan Perforaciones, concen- 
trated on 10 most promising areas of 
mineralization discovered under the pre- 
vious project, Plan Cordillerano. Geological 
and drilling studies indicate copper-molyb- 
denum deposits at Paramillos Norte and 
Paramillos Sud. The deposits located in 
the Andean Mountain region may turn 
out to be a major copper discovery. 


Belgium.—A molybdenum roaster facility 
was scheduled for construction in Langer- 
brugge, Belgium, by Soc. Anonyme 
d’Applications de Chimie Industrielle. 
Noranda Mines Ltd. (Canada) will supply 
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the molybdenum concentrate under a long- 
term contract. 


Canada.— Canada's molybdenum produc- 
tion, as measured by shipments, dropped 
slightly in 1968, owing to a work stoppage 
at the largest producing mine. No addi- 
tional mine capacity was brought into 
production during the year; however, one 
byproduct producer was scheduled for 
initial production in 1969, and several 
other byproduct producers are on the 
horizon. It appears that future capacity 
expansion will come via byproduct pro- 
ducers and plant expansions rather than 
new primary mines. 


Table 9.—Free world production of molybdenum in ores and concentrates by countries! 


(Thousand pounds molybdenum) 


Country 1964 1965 1966 1967 1968 P 
Australia... io. oni e. oli 8 26 JA ĩ˙ XX 
RT, Te Z u ⁰⁰:vr mW. ee 1,225 9,557 r 20,596 r 21,877 20,007 
öÜ˙] AAA 8,393 8,142 r 10,232 10,752 8,521 
P ² Dayu ee aA Ee 619 611 542 558 e 500 
Korea, South... aaaMMMaMMMM 265 448 659 613 423 
al EE r 196 r179 r 331 r 322 e 300 
et d e E ose 503 527 500 r 605 e 600 
PPU: oz ciation cance uelut. e 871 1,499 1,484 2,037 1,750 
Philippines 231 170 108 r 55 95 
United States 65, 605 77,372 90, 532 r 90,097 93,477 
hr eee eee r 77, 908 r 98,531 124,988 126,416 125, 673 
e Estimate. P Preliminary. * Revised. 
1 Molybdenum is also produced in Argentina, Bolivia, Nigeria, South-West Africa, and Spain, but production 
is negligible. 
2 Shipments. 


During the first full year of operation 
British Columbia Molybdenum Ltd. (British 
Columbia), a wholly owned subsidiary of 
Kennecott Copper Corp., produced 5.1 
million pounds of molybdenum. According 
to Kennecott’s annual report, grade of 
concentrate produced exceeded expecta- 
tions, but production costs also were higher 
than expected. Ore reserves were esti- 
mated at over 40 million tons grading 0.23 
percent molybdenite. 

Brenda Mines Ltd. concluded financing 
agreements to develop its large low-grade 
molybdenum copper deposit. The property 
was scheduled for production in 1969. 
Noranda Mines Ltd. was joined by the 
Bank of Nova Scotia and two Japanese 
concerns, Nippon Mining Co. Ltd. and 
Mitsui and Co. Ltd. in financing the ven- 
ture. In addition, Nippon Mining will 


purchase the copper output of the mine for 
a 5-year period. Ore reserve was reported 
at 167 million tons grading 0.19 percent 
copper and 0.087 percent molybdenite. 

Endako Mines Ltd. (N.P.L.) produced 
12 million pounds of molybdenum despite 
being shut down for nearly 4 months owing 
to labor problems. Reported ore reserve 
was 210 million tons at a grade of 0.148 
percent molybdenite. The area defined for 
reserve calculation does not delimit the 
orebody. A second roaster, with an annual 
capacity of 8 million pounds of molyb- 
denum, was scheduled for completion in 
1969. Mining practice at the Endako Mine 
was described.? 


?Laird, A. M. Open Pit Practice at Endako 
Mine. Pres. at Annual Meeting of AIME, New 
York, N.Y., Feb. 25-29, 1968, Preprint No. 
68-AO 28, 9pp. 
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Highmont Mining Corp. Ltd. continued 
its evaluation of a copper-molybdenum de- 
posit in British Columbia. Material from 
underground drifting was processed through 
a bulk sampling plant to furnish informa- 
tion for a final feasibility study. Surface 
drilling was extended to a depth of 500 
feet. Ore reserve based on drilling con- 
ducted in 1967 was 45 million tons grading 
0.30 percent copper and 0.098 molybdenite. 

At yearend, a decision was pending on a 
feasibility report concerning a low-grade 
copper molybdenum deposit of Lornex 
Mining Corp. Based on drilling tests, an 
ore reserve of 293 million tons grading 
0.427 percent copper and 0.14 percent 
molybdenum was reported. Underground 
exploration indicated that average grade 
of ore was a conservative estimate. 

Molybdenite Corporation of Canada Ltd. 
(Quebec) rebuilt its concentrator that was 
destroyed by fire in 1967. Initial operation 
was scheduled for late 1968 for the ex- 
panded 1,200 tons-per-day facility. 

Utah Construction & Mining Co. con- 
tinued to drill a copper-molybdenum deposit 
on Vancouver Island, British Columbia. 
At yearend, the concern was expediting a 
feasibility study. Ore reserve was reported 
at 120 million tons grading 0.51 percent 
copper and 0.025 molybdenum. 


Chile.—Chilean output of molybdenum 
decreased to about the 1964 level. Although 
both The Anaconda Company mines in- 
dicated a gain in copper production, molyb- 
denum output at Chuquicamata dropped 
substantially, whereas production at El 
Salvador increased 36 percent. A long 
drought hampered molybdenum produc- 
tion at Kennecott’s El Teniente mine. 
Chilean molybdenum concentrate deliveries 
for 1968 were as follows: Chile, 24 percent; 
West Germany, 23 percent; Sweden, 15 
percent; Netherlands, 13 percent; United 
Kingdom, 11 percent; Japan, 9 percent; 
and France, 5 percent. 


Equador.—As part of a large-scale re- 
connaissance program under a United 
Nations Special Fund project, geological 
prospecting of stream sediments in the 
Chaucha Valley indicated copper-molyb- 
denum anomalies. 


India.—Molybdenite deposits were re- 
ported to have been discovered in Medak 
and Karimnagar districts of the south 
Indian district of Andhra by He Geological 
Survey of India. 
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Japan.—The Japan Rare Metals Co., 
Ltd., was organized in late 1967 by special 
steel and ferroalloy manufacturers to 
stabilize the domestic supply of nickel, 
cobalt, tungsten, and molybdenum by stock- 
piling these strategic metals. Its first pur- 
chase at midyear was about 100 tons of 
molybdenum oxide to hedge against work 
stoppages threatened by mineworkers in 
North America. Following the settlement 
of a strike at the facilities of Canada's 
largest producer, and a major supplier of 
molybdenum to Japan, the molybdenum 
was released to Japanese consumers. 

Both AMAX of the United States and 
Endako Mining Ltd. of Canada proposed 
joint ventures with Japanese ferroalloy 
firms to construct molybdenum concentrate 
roasting facilities in Japan. The AMAX 
proposal includes a 50 to 100 percent share 
of a planned investment of $4 to $4.5 
million to treat 9,000 to 10,000 tons of 
concentrate per year. The Endako proposal 
indicates interest in a 50-percent share of 
a $1.5 million investment to treat 4,500 
tons of concentrate annually. AMAX would 
require half of the concentrate treated to 
be purchased from the parent company, 
whereas Endako would require all con- 
centrate to be purchased from the parent 
company. | 

During the 1968 fiscal year the Japanese 
Finance Ministry set a duty free quota of 
11,230 short tons for molybdenum ore and 
concentrate. Import duty beyond the quota 
was at the rate of 12 percent ad valorem. 


Panama.—Porphyry copper deposits dis- 
covered by a United Nations mineral sur- 
vey team in the Colon province also contain 
molybdenum. The discovery was described 
as very promising, but extensive exploration 
will be needed for determining commercial 
exploitation. 


Peru.—Cia. Minera Turmalina S.A. in 
the Department of Piura became a small 
producer of molybdenum concentrate in 
1967. The present facilities have a capacity 
of 150 tons of concentrate annually. 

Southern Peru Copper Corp. produced 
less molybdenum concentrate during the 
year than in 1967 despite a higher level of 
production of ore and copper. Variation 
in molybdenum production can be ex- 
pected from year to year as the molyb- 
denite content of the ore ranges from 
nothing to 0.15 percent. 
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Early in 1966 sulfide copper and molyb- 
denite recoveries began to decrease at 
Kennecott’s Chino Mines Division plant at 
Santa Rita, N. Mex. Laboratory and pilot 
plant tests indicated slime interference was 
the main problem.’ As a result of the 
study, the mill flowsheet was altered to 
include tailing sand flotation and placed 
in operation in June 1968. Increased re- 
coveries of 20,000 pounds of copper and 
500 pounds of molybdenite per day were 
expected. 

Research conducted by the Climax 
Molybdenum Co. on extracting weakly 
magnetic molybdenum oxide from lean 
ores indicated that additional development 
and research must be performed before a 
high-capacity, high-intensity, wet magnetic 
separator will be available to the minerals 
industry. The results of 7,000 hours of 
operating experience, test equipment, prob- 
lems, design consideration and estimated 
cost range for large separators were 
described.‘ 

The Burau of Mines developed a process 
to extract about 90 percent of the sulfur 
from molybdenite flotation concentrate by 
compacting the concentrate with one- 
quarter of its weight of aluminum powder, 
heating it at 800° C for 30 minutes, and 


then allowing the product to react with 
water. The thermite reduction yields an 
impure molybdenum alloy plus aluminum 
sulfide. The latter readily hydrolyzes to 
yield pure hydrogen sulfide which can be 
converted to elemental sulfur by the Claus 
process. At least 95 percent of the molyb- 
denum can be subsequently recovered as 
99.95-percent-pure molybdic oxide." 
During the past several years the Bureau 
of Mines has investigated the chemical and 
galvanic corrosion properties of high-purity 
refractory metals and some of their alloys. 
In 1968 the Bureau found the chemical 
and galvanic corrosion behavior of the 
titanium-zirconium-molybdenum (TZM) 
and molybdenum-30 percent tungsten alloys 
to be generally equal or superior to that 
of unalloyed molybdenum in many aqueous 
solutions of acids, bases, and salts.“ 


3 Rousseau, Edwin S. Tailing Sand Flotation 
Pilot Plant at Chino. Min. Cong. J., v. 54, No. 
9, September 1968, pp. 52-56. 

4 Masoner, T. E. High Intensity Wet Magnetic 
Separation Research at Climax. Pres. at Annual 
Meeting of AIME, New York, N.Y. Feb. 25-29, 
1968, Preprint 68—B-327, 51 pp. 

5 Haver, F. P., K. Uchida, and M. M. Wong. 
Recovery of Sulfur From Molybdenite. BuMines 
Rept. of Inv. 7185, 1968, 15 pp. 

6 Acherman, W. L., J. P. Carter, and David 
Schlain. Corrosion Properties of the TZM and 
Molybdenum -30 Tungsten Alloys. BuMines Rept. 
of Inv. 7169, 1968, 23 pp. 
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Natural Gas 


By William B. Harper 1 and Leonard L. Fanelli : 


The marketed production of natural gas 
in 1968 totaled 19,322 billion cubic feet. 
Production for the year was up 1,151 bil- 
lion cubic feet above 1967 levels, and 
Louisiana accounted for almost 61 percent 
of this increase. Production declines, how- 
ever, were reported for 15 of the 30 pro- 
ducing States. Primarily due to increased 
offshore production, Louisiana now ac- 
counts for 33.2 percent of total U.S. pro- 
duction compared with 31.5 percent in 
1967, while Texas share declined from 
39.6 percent in 1967 to 38.8 percent in 
1968. The wellhead price of gas increased 
0.4 cents to an average of 16.4 cents per 
thousand cubic feet (Mcf), exceeding the 
high of 1967, as shown in table 1. 

“There were 204 fewer gas wells com- 
pleted in 1968; the average depth per well 
increased from 5,898 feet in 1967 to 5,996 
feet in 1968. Gas wells in operation were 
1,349 fewer in number at the 1968 yearend 
totaling 110,972 compared with 112,321 
on December 31, 1967. 


Industrial consumption including use by 
utilities continued to dominate gas demand. 
Most industrial usage occurs in Texas ànd 
Louisiana where gas holds a strong com- 
petitive margin because of its proximity to 
large industrial complexes. Interstate ship- 
ments of domestically produced gas in the 
Southwest were beginning to decline be- 
cause more of this gas is being consumed 
internally, particularly for petrochemicals. 
Total consumption for the year increased 
7.1 percent, and industrial use, the largest 
segment, was 791 billion cubic feet higher 
than in 1967. Intrastate gas usage has the 
added attraction of a shorter reserve life 
requirements (15 instead of 20 years) than 
interstate gas, and the time interval be- 
tween contract negotiations and gas delivery 
is far shorter. These advantages tend to 
offset the narrowing price gap between the 
two gas supplies. The best prospects for 
interstate gas development appear to be in 


1 Mineral specialist, Division of Mineral Studies. 
? Survey statistician, Division of Statistics. 


Table 1.—Salient statistics of natural gas in the United States 


1964 1965 1966 1967 1968 
Supply: 
Marketed production ! 
million cubic feet.. 15,462,148 16,039,753 17,206,628 18,171,825 19,322,400 
Withdrawn from storage do.... 880,49 959,865 1,141,614 ; „534 1,329,536 
Iomporta ---------- do. 440,918 456,394 479, 780 564, 226 651,885 
Total uu uykusuz a susu sus do.... 16,783,559 17,456,012 18,828,022 19,868,085 21,303,821 
Disposition: — 
Consumption do.... 15,451,979 16,033,189 17, 191,71 18,172,894 19, 459, 939 
Exports O. 19,4 26,13 24,6 81,614 93,745 
p do.... 1,009,302 1,077,980 1,210,469 1,317,363 1,425,075 
Lost in transmission, etc. do 802,781 318,711 401,208 296,214 325 , 062 
T ul. sh do.... 16,783,559 17,456,012 18,828,022 19,868,085 1, 303, 821 
Value at wellhead: 
Total. thousand dollars.. 2,887,689 2,494,542 2,702,759 2,898,741 „168, 688 
Average cents per Mcf.. 15.4 15. 6 15.7 16.0 16.4 


1 Comprises gas sold or consumed by producers, including gas loss due to natural gas liquids recovery, 
losses in transmission, quantities added to storage, and increases of gas in pipelines. 
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Figure 1.—Marketed production of natural gas by regions and average wellhead prices. 


gas from the Outer Continental Shelf of 
the Gulf of Mexico and, over the longer 
term, Alaska. 

There was 16.3 trillion cubic feet of gas 
processed at plants in 1968, and from this, 
550.3 million barrels of natural gas liquids 
and ethane was recovered. After a process- 
ing loss of 827.9 billion cubic feet, some 
13.6 trillion cubic feet was shipped to 
transmission companies or delivered directly 
to consumers as indicated in table 7. 

According to the American Gas Associa- 
tion (AGA), there were 861,000 miles of 
gas pipelines at the end of 1968. This 
includes 234,000 miles of main transmission 
lines, 64,000 miles of gathering lines, and 
563,000 miles of distribution lines. Com- 
pared with 1967 figures, main transmission 
lines increased 8,640 miles, gathering lines 
290 miles, and distribution lines 23,800 
miles for an overall increase of 32,730 
miles. 

In this chapter, gas volumes are reported 
or corverted to a pressure base of 14.73 
pounds per square inch absolute (psia) at 
60° F instead of base of 14.65 psia used 
previously. This change was adopted in 
response to the Bureau of the Budget's re- 
quest to establish uniformity in reporting 
between Federal and industry gas statistics. 

Data on natural gas production, con- 
sumption, and value are collected by annual 


surveys of oil and gas -producers, natural 
gasoline plant operators, gas pipeline com- 
panies, and gas utility companies, with 
separate reports obtained for each State 
in which they operate. 

These reports reflect approximately 80 
percent of gross natural gas production. 
The large number of respondents and the 
difficulty of canvassing each small pro- 
ducer has made direct acquisition of total 
production impractical. Most of the output 
of nonreporting producers has been shown 
in purchase listings of reporting companies. 
Marketed production for each State equals 
consumption in the State, plus losses in 
transmission, gas placed in storage, and 
shipment from storage and receipts from 
other States. 


Legislation and Government Programs.— 
Subsequent to the Supreme Court decision 
on May 1, 1968, upholding Federal Power 
Commission Opinion 468 in the Permian 
Basin Area Rate Processing (AR61-1) fix- 
ing gas producer rates for interestate sale 
for resale, the Federal Power Commission 
issued Opinion 546 on September 25, 1968, 
in the South Louisiana Area Rate Proceed- 
ing (AR61-2 et al.). This decision con- 
forms to the basic regulatory approach 
adopted for the Permian Basin area. Shown 
below are the three price systems for South 
Louisiana sales: 


NATURAL GAS 


Cents at 15.025 psia 
Onshore and Federal 
offshore domain 
subject to offshore 
State tax 
Gas well under con- 
tracts dated prior to 
1-1-61, and all other 
ess of con- 
tract date 18.5 17.0 
Gas well gas (and res- 
idue therefrom) 
under contracts dated 
between 1-1-61 and 
FF 19. 5 18.0 
Gas well gas (and res- 
idue therefrom) 
under contracts dated 
10-1-68 and later. 20.0 18.5 


Contracts dated October 1, 1968, and 
later are known as “third vintage” gas and 
as in the Permian case, the Federal Power 
Commission directed refunds of all amounts 
subject to the proceedings collected in 
excess of the applicable ceilings. 

Meanwhile, concern has been growing 
about the near-term availability of natural 
gas. The President of the American Gas 
Association wrote to the Chairman of the 
Federal Power Commission (FPC) on 
December 16, 1968, expressing concern 
over the supply situation and urged the 
Commission to reappraise its regulatory 
principals and methods. 

Subsequently, the FPC asked all inter- 
ested parties to comment on whether a gas 
supply investigation for offshore Louisiana 
should be opened. Although the Commis- 
sion has not yet opened a broad supply 
investigation, it did modify some of the 
area rates for South Louisiana and at the 
same time instituted a new offshore Louisi- 
ana area rate proceeding, (AR69—1), to 


determine the need for raising the 18.5 
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ceiling for “third vintage" gas FPC Opin- 
ion 546 (gas well gas under contracts 
dated 10—1—68 and later). 


Pipeline Safety.—On August 13, 1968, 
President Johnson signed the Natural Gas 
Pipeline Safety Act of 1968. The Act (P.L. 
90—481) provides, among other things, that 
the Secretary of Transportation, within 2 
years, established minimum Federal safety 
standards applicable to the design, installa- 
tion, inspection, testing, construction, ex- 
tension, operation, replacement, and main- 
tenance of pipeline facilities used in the 
transportation of natural gas. Standards 
affecting the design, installation, construc- 
tion, initial inspection, and initial testing 
will not be applicable to pipeline facilities 
in existence on the date such standards are 
adopted. Whenever the Secretary finds a 
particular facility to be hazardous to life 
or property, he is empowered to require 
the person operating that facility to take 
such steps as necessary to remove the 
hazards. Upon application, the Secretary 
may waive in whole or in part compliance 
with any safety standard established under 
the Act if he determines that such waiver 
“is not inconsistent with gas pipeline 
safety." Any State agency may adopt addi- 
tional or more stringent standards for facili- 
ties not subject to FPC jurisdiction as 
are not incompatible with the Federal 
minimum standards. 

The Act exempts gathering lines in rural 
areas (but not in populated areas) ; requires 
annual certification by the appropriate 
State agency as to adoption and enforce- 
ment of the Federal standards; and pro- 
vides for civil penalties of $1,000 per day 
minimum fine and $200,000 maximum for 
a related series of violations. 


CONSUMPTION 


A total of nearly 19.5 trillion cubic feet 
of natural gas was consumed in the United 
States during 1968. This was an increase of 
1,287 billion cubic feet, or 7.1 percent, 
above the volume consumed in 1967. 

In terms of total consumption residential 


and commercial uses absorbed 32 percent 


in 1968; oil fields, natural gas processing 
plants, pipeline fuel and refinery fuel ac- 
counted for nearly 18.6 percent; of the 19.5 
trillion cubic feet used. Electric utilities 
burned 16 percent; and other industrial 
uses made up the remaining 33.4 percent. 


Of the 12.9 trillion cubic feet for industrial 
purposes, nearly one-half of the volume 
was consumed in the West South Central 
States of Arkansas, Louisiana, Oklahoma, 
and Texas. Texas produced more gas than 
any other State but used an amount equal 
to 55.4 percent of the volume produced 


within its borders. Louisiana's consumption 


of about 1,661.8 billion cubic feet was 


equal to 26 percent of the 6.4 trillion cubic 


feet produced in the State. 
Reflecting the continued growth in de- 
mand for natural gas, the U.S. gas indus- 
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West South Central region used 1.3 trillion 
cubic feet of natural gas for steam genera- 


tion, and this accounted for 42.6 percent 
of the 3.1 trillion cubic feet used for this 


category, electric power u 
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west. Natural gas was also used extensively 
in California for steam generation. How- 
ever, in this instance, air pollution controls 
and other restrictions on fuel use in Cali- 
fornia preclude the likelihood of any notice- 
able competition from residual fuel oil. 
Industrially natural gas was used exten- 
sively in the chemical and allied product 
industries, including carbon black; the 
metals industry; the building materials in- 
dustry; the glass industry; foods; and paper 
and its allied products. Second in impor- 
tance in terms of consumption was that gas 
used at natural gas processing plants; in 
the field for steam generation of electric 
power for drilling and pumping; as fuel in 
petroleum refineries and for use as pipeline 
fuel in pumping stations. The combined 
petroleum-related uses in 1968, added to 
3.6 trillion cubic feet or 28 percent of the 
entire industrial use of 12.9 trillion includ- 
ing utilities in the United States. 
Residential and Commercial Uses.—The 
number of residential and commercial gas 
consumers increased to 40.4 million at the 
end of 1968. Included in this category are 
consumers who solely or partially use gas 
for such applications as cooking, water 
heating, air conditioning, and house heat- 
ing. There was an increase of 869,000 in 
the consumer total in 1968, with a gain of 
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825,000 in residential accounts and 44,000 
new commercial users. This increase was 
smaller than the indicated gain in house- 
heating accounts reported by the American 
Gas Association (AGA) for 1968, which 
suggests that for applications other than 
house-heating, competitive fuels have made 
some inroads into the overall gas consumer 
demand. 

Results of the AGA Heating Survey 
showed a net increase of 1,048,000 in cus- 
tomers who installed gas heating in 1968, 
bringing the total number of gas individual 
house-heating customers to over 29.8 mil- 
lion, a gain of 3.4 percent over the 1968 
figure. New homes accounted for 669,000 
or 63.8 percent of this increase; conversion 
from other fuels in existing dwellings repre- 
sented 36.2 percent. In addition to these, 
2,967,000 dwelling units in multi-family 
structures received gas heat from a central 
or master metered source, bringing the 
total number of families served by gas heat- 
ing to 32,770,000, a gain of 3.5 percent 
over the 1967 figure. 

The East North Central region leads the 
Nation in house-heating customers and the 
Pacific region ranks second. The AGA fore- 
casts that in the 3 year period ending in 
1970, 3.0 million additional heating cus- 
tomers will be recorded. 


RESERVES 


The Committee of Natural Gas Reserves 
of the AGA estimated that the total proved 
recoverable reserves of natural gas in the 
United States as of December 31, 1968, 
as shown in table 8, were 287.3 trillion 
cubic feet, 5,557.8 billion cubic feet less 
than that a year earlier. This includes 
estimates of offshore reserves, but separate 
figures are shown only for the Gulf of 
Mexico (35.9 trillion cubic feet). At the 
end of 1967, proved natural gas reserves 
were 292.9 trillion cubic feet. During 1968, 
some 7.8 trillion cubic feet were added to 
reserve estimates based on extensions of 
known fields. Another 3 trillion were added 
which were based on revisions of previous 
estimates. New fields discovered accounted 
another 1.4 trilion cubic feet and 1.5 
trillion were from new reservoir estimates. 
All of which aggregated about 13.7 trillion 
cubic feet. During 1968, however, natural 
gas production topped 19 trillion; hence, 
the drop in proved reserves of natural gas 
of nearly 5.6 trillion cubic feet. 


The number of gas well completions 
continued to decline, dropping from 3,659 
in 1967 to 3,455 in 1968. The ratio of 
reserves to annual production as estimated 
by the Bureau of Mines declined from 
16.1 in 1967 to 14.9 in 1968. 

The Potential Gas Committee of the 
Potential Gas Agency? released a report 
estimating potential U.S. gas supply at 
1,227 trillion cubic feet as of 12-13-68. 
This figure is nearly double the 690 
trillion cubic feet of potential supply esti- 
mated by the Committee two years ago. 
The potential supply does not include 
proved recoverable reserves of 287 trillion 
cubic feet discussed above. 

The Potential Gas Committee explained 
that the current estimate was nearly twice 
the 1966 estimate for two reasons—inclu- 
sion of Alaskan supply (which comprises 


3 The Potential Gas Agency, a branch of the 
Mineral Resource Institute of the Colorado School 
of Mines, is financed by the American Gas Asso- 
ciation, American Petroleum Institute and the 
Independent Natural Gas Association of America. 
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gas which they reported as purchased and 


Power Commission annual reports of gas 
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Figure 3.— Trends in annual gross additions to natural gas reserves. 
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approximately one-third of the nation's 
total undiscovered supply), and an assump- 
tion of greater drilling depths. Specifically, 
whereas the 1966 estimate assumed drilling 
depth limitations of 600 feet for offshore 
wells and 25, 000 feet for onshore wells, 
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produced, the percent of these volumes 
sold under firm and interruptible sales 
contracts, and jurisdictional sales for resale 
made during 1967. A complete list of these 
companies is available in the Federal Power 
Commission’s publication, The Gas Sup- 
plies of Interstate Natural Gas Pipeline 
Companies, 1967." Shown below is a list 
of 24 companies which have over 1 trillion 
cubic feet of domestic natural gas reserves. 


Index of Selected Jurisdictional Com- 


panies.—As of December 31, 1967, there 
were 119 pipeline companies subject to the 


depths of 1,500 feet offshore and 30,000 
Federal Power Commission's jurisdiction, 


feet onshore. 
portation of natural gas. Ninety five of 


the current report assumes drilling to 
which were engaged in the sale or trans- 
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Arkansas Louisiana Gas Co. 

Cities Service Gas Co. 

Colorado Interstate Gas Co. 
Consolidated Gas Supply Corp. 

El Paso Natural Gas Co. 

Florida Gas Transmission Co. 
Kansas-Nebraska Natural Gas Co., Inc. 
Michigan Wisconsin Pipe Line Co. 
Montana-Dakota Utilities Co. 
Mountain Fuel Supply Co. 

Natural Gas Pipeline Co. of America 
Northern Natural Gas Co. 
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Panhandle Eastern Pipe Line Co. 
South Texas Nat. Gas Gathering Co. 
Southern Natural Gas Co. 

Tennessee Gas Pipeline Co. (Tenneco, Inc.) 
Texas Eastern Transmission Corp. 
Texas Gas Transmission Corp. 
Transco. Gas Pipe Line Corp. 
Transwestern Pipeline Co. 
Trunkline Gas Co. 

United Fuel Gas Co. 

United Gas Pipe Line Co. 

West Texas Gathering Co. 


PRODUCTIVE CAPACITY 


The Committee on Natural Gas Reserves 
of the AGA has prepared estimates of the 
productive capacity of the natural gas in- 
dustry as of December 31, 1968. The capac- 
ity for nonassociated reservoirs is estimated 
at 83,145 million cubic feet per day, and 
from associated-dissolved, 22,740 million 
cubic feet per day, as shown in table 9. 
The productive capacity of natural gas 
from nonassociated reservoirs is defined as 
the maximum daily rate at which such gas 
can be produced from natural reservoirs 


under specified conditions on March 31 of 
any given year. The productive capacity 
of associated-dissolved gas is based on the 
productive capacity of crude oil and the 
estimated producing gas-oil ratios which 
would result from such capacity operation 
during the first 90 days of a given year. 

The productive capacity of associated gas 
from gas wells is usually based on the 
volumetric withdrawal of crude oil from 
related oil wells at capacity rates during 
the first 90 days of a given year. 


STORAGE 


The development of underground gas 
storage facilities expanded at an accelerated 
rate in 1968 and reservoir capacity in- 
creased 263.6 billion cubic feet to nearly 
4.8 trillion cubic feet by yearend as indi- 
cated in table 10. 

The ability to store gas in these under- 
ground facilities close to major markets 
during off-season periods has been a domi- 
nant factor in the industry’s growth. 
Although the industry in 1968 added 100 
billion cubic feet of natural gas to under- 
ground storage, withdrawals of more than 
1.3 trillion cubic feet reduced stocks at the 
end of 1968 to 95,539 million cubic feet as 
shown in table 12. 

In addition to underground storage, there 
is the growth in aboveground storage for 
liquefied natural gas (LNG). At present 
most of this type of storage is associated 
with peak shaving facilities of gas distribut- 
ing utilities. The continued growth and 
expansion of the natural gas industry has 
created a need for large volume storage 
near metropolitan areas to meet the winter 
peak loads. Requirements for natural gas 
on a peak winter day is currently about 
7 times that required on a summer day 
because of the growth in use of natural gas 
for home heating. This places a heavy 
burden on a local gas utility to supply the 


gas when needed, particularly if there is 
a prolonged cold spell; hence, the growth 
in LNG facilities. 

In the United States there are 13 LNG 
plants either under construction or in 
operation and all of them are peak shaving 
operations. Relatively small amounts of gas 
are liquefied over a long period—from 200 
to 300 days per year—and stored for usc 
during peak winter loads. The primary 
purpose of liquefaction is storage. By lower- 
ing the temperature at atmospheric pressure 
to approximately minus 260° F its volume 
contracts by a factor of 600 during lique- 
faction. 

During 1968, the Boston Gas Company, 
faced with a peak load supply problem, 
contracted to purchase LNG from Algeria 
to provide the extra gas for the coldest 
days. Two shiploads of liquid gas were 
provided from the Algerian plant at Camel 
to the Boston Gas Company’s above ground 
LNG storage facility. This was an emer- 
gency step as the completion of a section 
of a natural gas pipeline had been blocked 
by suburban property owners. This prob- 
lem, however, has been resolved and the 
line is connected with the company’s 
liquefaction plant to liquefy natural gas 
and store it for peak winter needs. 
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In addition to peak shaving, the Philadel- 
phia Gas Works plans to use liquid natural 
gas as motor fuel for part of its motor 
vehicle fleet. As to sources of supply, the 
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company has been studying the possibilities 
of obtaining natural gas from sources such 
as Venezuela, Libya, Algeria, Nigeria, and 
Trinidad. 


VALUE AND PRICE 


The average value of natural gas at the 
wellhead increased 0.4 cent to 16.4 cents 
per thousand cubic feet (Mcf). Prices at 
the wellhead, however, range widely with 
the highest price in States near large con- 
sumer markets. In New York, for example, 
the wellhead price of natural gas is 31.9 
cents; in California, 30.9. Prices near the 
large eastern markets are 26.2 cents for 
West Virginia and 27.8 cents for Penn- 
sylvania. Other prices are shown in table 
2. The average cost of natural gas, of 
course, varies widely because of transporta- 
tion costs. In Maine, New Hampshire, and 
Vermont, for example, the price to resi- 
dential consumers was $2.05 per Mcf in 
1968 as compared with 87 cents in Texas 
based on quantities and values shown in 
table 5. In West Virginia, which is a pro- 
ducer of natural gas and which has an 
average wellhead price of 26.2 cents per 
Mcf, the price of gas to residential con- 
sumers is 87 cents a Mcf or nearly the 
same paid by a residential user in Texas. 

Costs to commercial consumers follow the 


same pattern as indicated with residential 
uses—that is, the highest prices are in New 
England; the lowest in the West South 
Central States of Arkansas, Louisiana, 
Oklahoma, and Texas. The average price 
of natural gas to commercial users in the 
latter region was 52.4 cents a Mcf in 1968. 
In New England, a commercial user paid 
148.8 cents per Mcf. Industrial accounts, 
excluding the electric utilities, averaged 
34 cents. In the West South Central Region 
the average was about 21 cents; New Eng- 
land, 63 cents. In the East North Central 
Region, with consumption second only to 
that in the Southwest, the average price for 
an industrial customer was about 48.8 
cents per Mcf. 

The total of marketed production of 
natural gas was $3,168.7 million in 1968 
or 9 percent higher than the $2,898.7 mil- 
lion of 1967 as shown in table 2. The total 
value of all the natural gas used in 1968 
aggregated $9.8 billion, which was $357.5 
million, or 3.8 percent above the values 
estimated for 1967. 


FOREIGN TRADE 


Foreign trade in natural gas is increasing 
steadily in magnitude, particularly imports. 
During 1968, imports rose to 651.9 billion 
cubic feet which was 87.7 billion, or 15.5 
percent, higher than in 1967. Most of 
United States imports are from Canada and 
enter at Noyes, Minn.; Eastport, Idaho, and 
Sumas, Wash. Imports in these regions in 
1968 accounted for 561.5 billion cubic 
feet or 86 percent of total imports. Another 
43 billion cubic feet, imported from Canada, 
entered the United States to supply gas 
utility systems in Montana, upper New 
York State, and Vermont. Conversely, im- 
ports from Mexico dropped in 1968 to 47.4 
billion cubic feet or 7 percent. 

Exports of natural gas, similar to the 
pattern for imports, involved both Canada 
and Mexico. Exports to Canada in 1968 
rose to 81.6 billion cubic feet or 15.9 per- 
cent above those in 1967. One point of 
exit into Canada is near St. Clair and 


Sault Ste. Marie, Mich., and exports from 
the United States in that area were nearly 
48 billion cubic feet, almost a fourfold 
increase. However, the opposite occurred 
with exports from the Detroit, Mich., and 
the Niagara Falls, N.Y., areas, which were 
down to 33.6 billion cubic feet, or 41.5 
percent below 1967 figures. 

Exports to Mexico which exit the United 
States from Arizona and Texas were 12 
billion cubic feet, or 8.6 percent, higher 
than in 1967. 

The first large-scale commercial export 
of liquefied natural gas (LNG) from the 
United States is a joint venture of the 
Philips Petroleum Company and the 
Marathon Oil Company to market Alaskan 
gas reserves. A sale has been negotiated in 
Japan for about 139 million cubic feet per 
day (MMcfd) of liquefied natural gas 
(LNG) to the Tokyo Electric Power Com- 
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pany, Inc., and the Tokyo Gas Company 
for an initial 15-year term. The American 
companies have constructed facilities to 
liquefy the natural gas for transport to 


WORLD 


The United States, the Soviet Union, 
Canada, and Rumania lead the World in 
production of natural gas, and in 1968 the 
Netherlands forged ahead of Italy to be- 
come the world’s fifth largest gas produc- 
ing country. Since 1964, the Netherlands 
has more than doubled production each 
year and 1968 was no exception, as shown 
in table 14. The Netherlands has become 
the focal point in gas as it has the world’s 
largest gas reserve at Groningen. Some of 
the gas produced in the Netherlands is 
moving into markets in West Germany, 
Belgium, and France. Marketed production 
in the United Kingdom increased more 
than fourfold—from 16,664 million cubic 
feet in 1967 to 71,335 million in 1968—as 
a result of development of gasfields in the 
North Sea. Production in the United King- 
dom will move upward even faster in the 
future as the Hewitt Field, located some 
20 miles off the eastern coast of Great 
Britain, started delivery of gas to the 
British Gas Council’s distribution system 
soon after mid-1969. The United King- 
dom’s needs are being supplied in part by 
LNG shipped from Arzew, Algeria, to 
Canvey Island in the Thames Estuary. Gas 
from other North Sea gasfields is also enter- 
ing the British market. 

Natural gas use is rapidly becoming an 
important factor in the energy patterns of 
many other nations as large gasfields have 
been found in the Soviet Union, Algeria, 
United Arab Republic, Austria, Iran, 
Bolivia, Afghanistan, Pakistan, Canada, and 
France. 

Next to Western Europe, gas usage in 
the Soviet Union is growing faster than any 
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Japan. Also involved is construction of two 
LNG tankers to deliver the cargoes. First 
deliveries are scheduled for the fourth 
quarter of 1969. 


REVIEW 


other part of the world. In 1968, as shown 
in table 14, the Soviet Union produced 
6.0 trillion cubic feet of natural gas which 
is 10 times the 1958 production. Soviet gas 
now flows into eastern Europe and Austria 
began to import Soviet gas in September. 

In Asia, a pipeline system is being built 
to transport gas from Iran’s southern oil- 
fields to the U.S.S.R. border of southern 
Azerbaijan. About 1.6 billion cubic feet 
daily will flow into that Soviet Socialist 
Republic. 

As to Africa, movement of LNG from 
Algeria to Great Britain, France, and Spain 
has already been mentioned. The other 
important development, however, will be 
the movement of LNG from Libya to Italy 
and to Spain. The Esso Libya project in- 
volves the sale of 245 million standard cubic 
feet per day (scfd) of 1,350-Btu gas (equiv- 
alent to 465 scfd of 1,000-Btu gas) to Italy 
and to Spain. Technical difficulties devel- 
oped in equipment before the gas was re- 
ceived at the liquefaction unit so that the 
startup has been delayed until the fall of 
1969. Most of the gas to be liquefied is 
produced in association with oil. The gas 
will be liquefied at Marsa el Brega, Libya, 
and then transported in four LNG tankers 
to La Spezia, Italy, and Barcelona, Spain. 
Nearly all of the gas to be liquefied is 
associated gas from the Zelton field and the 
Reguba field in the Libyan Desert. 

The Algerian State Company has signed 
an agreement with France, similar to its 
agreement with the United Kingdom. Spain 
has contracted for Algerian natural gas 
(LNG) over a 15-year period beginning 
in 1970. 
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Table 2.—Quantity and value of marketed production of natural gas in the United States 


1967 1968 

Average Average 

State Quantity Value wellhead ET A Value wellhead 

(million (thousands) value, million (thousands) value, 
cubic feet) cents cubic feet) cents 

per Mcf per Mcf 
Alabama.............- 24 $31 12.7 28 $3: 18.1 
Alaska 14,488 3,610 25.0 17,343 4,388 25.1 
Arizona. 1, 255 198 15. 16.1 
Arkansas 116, 522 17, 828 15.8 156 , 627 24,456 15.6 
California 681,080 202,290 29.7 714,893 221,077 80.9 
Colorado 116,85 542 13.3 121, 424 16,39 13. 5 
Florida 18 14.8 14.8 
Illinois. 5,144 602 11.7 4, 880 552 12.6 
Indiana..............- 46 23.4 2 23.6 
TTT 88 871,971 116,844 13.4 835, 555 115,807 13.8 
Kentucky . . . 89,16 21,400 24.0 89,0 : 25.0 
iana___..........- 5,716,857 1,057,619 18.5 6,416, 015 1,212,627 18.9 
Maryland. ............ 59 26.6 8 25.6 
Michigan 33, 589 8,296 24.7 40,480 10,160 25.1 
Mississippi 139, 497 24, 133 17.3 185,051 22,601 16.7 
Missouri 30 24. 5 28. 6 
Montana 25, 866 2, 173 8.4 19,313 1,757 9.1 
Nebraska. 454 17.2 8,1 542 17.5 
New Mexico 1,067,510 138 , 776 13.0 1,164,182 156,000 18.4 
New York -- ,88 1,201 31.3 4,6 1,390 80.0 
North Dakota. ........ 40,462 6,636 16.4 41,028 6,769 16.6 
Gies! 41,315 9, 957 24.1 42,678 10, 540 24.7 
Oklahoma. ...-.-------- 1,412,952 202,052 14.3 1,390,884 197,506 14.2 
Pennsylvania. ......... 89, 25, 28.1 87,987 ; 27.8 
ennessee_____ 19.0 48 18.8 
Texas... cn ee 7,188,900 948, 935 13. 7,495, 414 1,011,881 13. 5 
Utah: u, ul ys 48, 6, 13.2 46,151 7,292 15.8 
Virginia 81 1,149 30.1 8,389 1,018 29.9 
West Virginia 211,460 50,962 24.1 286,971 62,086 26.2 
Wyoming 240, 074 85,051 14.6 248,481 86,278 14.6 
Teta! 18, 171, 325 2,898,741 16.0 19 ,822 ,400 8,168,688 16.4 


1 Comprises gas either sold or consumed by producers, including gas loss due to natural gas liquids re 
covery, losses in transmission, quantities added to storage, and increases of gas in pipelines. 
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Residential 


Quantity 
(MMcf)! 


26,437 


3,071 
74,919 
10,605 


115,532 


137,116 
319,282 
285 ,978 


742 ,376 


392,325 
145,955 
315,694 
444,964 


93,425 


1,392,363 


84,936 
89,372 
90,410 


138,764 


53, 376 
7,169 
10,302 


474,329 


7,068 
11,318 
84,072 


19,015 
24,646 
16,756 
43,582 
54,665 


321,122 


— — 


51,708 
15,824 
29,526 
43,784 


200 , 842 


— á—— 
— 


56,346 
77,762 
74,782 


211, 763 


Value 
(thousands) 


$47,921 


1,924 


139,072 


18,846 


213,163 


262,372 
441,886 
328,016 


1,032,274 


Number of 
consumers 
(thousands) 


— ——— eee Aa 
p————————————————————— 


401,626 
136,468 
308,391 
380, 444 
102,487 


— — —— [ra c sa 


407,377 


————— — — w = mee K w ee — ee 
w —ä— e 


323 


11,270 
29,359 
85, 669 


112,107 


31,898 
22,167 
62,709 
47,505 


402, 684 


56, 624 
60,214 
28,729 
38, 728 


184,295 


Region and State Number of 
consumers 
(thousands) 
New England: 
Connecticut 357 
Maine, New Hamp- 
shire, Vermont 60 
Massachusetts 969 
Rhode Island 149 
rr c 1, 535 
Middle Atlantic: 
New Jereex 1,554 
ew York..........- 9,842 
Pennsylvania 2,207 
Totál Lu: See od 7,603 
East North Central: 
Illinois 2,679 
Indiana 962 
Michigan 1,812 
i E 2,391 
Wisconsin 717 
ol! 8,561 
West North Central 
OÜWARB... clicca Tcu 545 
Kansas ` 565 
Minnesota 564 
Missouri 936 
ebraska a 307 
North Dakota 46 
South Dakota 71 
r be es 3,034 
South Atlantic: 
Delaware 75 
Florida 345 
Georgia 705 
Maryland and Dis- 
triet of Columbia 791 
North Carolina 268 
South Carolina 199 
irg ini 448 
West Virginia 343 
Total 3,174 
East South Central: 
Alabama 525 
Kentucky..........- 495 
Mississippi 297 
Tennesse 378 
Tolaba cor sas 1,695 
West South Central: 
Arkansas 357 
Louisiana 804 
Oklahoma 612 
Texas. 2,393 
Total... u. z ay 4,166 
Mountain 
Arizona............- 380 
Colorado. ........... 484 


See footnotes at end of table. 


420,653 


26,681 
78,371 


Commercial 
Quantity Value 
(MMef)! (thousands) 
8,379 $12,767 
1,288 2,105 
22,835 33,550 
3,168 4,642 
35,670 53,064 
29,011 42,961 
106,394 181,716 
81,242 73,516 
216,647 248,193 
170,733 126,684 
58 , 764 47,423 
115,075 93 , 528 
147,513 108,885 
33,415 29 ,673 
525, 500 406,193 
47,792 31,634 
40,162 18,146 
41,685 30,629 
66, 736 44,780 
30,937 17,278 
6,561 4,159 
8,574 5,381 
242,447 152,007 
2,084 2,638 
18,720 20,542 
34,183 23,826 
27,807 31,862 
13,531 14,963 
10,112 9,839 
20,979 21,934 
17,355 12,249 
144,771 137,853 
33,485 18,898 
28 , 667 18,967 
14,980 8,525 
85,128 24,968 
112,260 71,858 
35,785 17,928 
31,633 14,962 
32,478 16,930 
91,010 50,239 
190,906 100,059 
15,732 8,464 
46,153 25,476 
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to consumers by type of consumer and by States, 1968 


Industrial 2 Electric utilities Other consumers 5 Total 

Quantity 5 Value Quni Value Quantity Value Quantity Value 
(MMcf)! (thousands) (MMcf)! (thousands) (MMef)! (thousands) (MMef)! (thousands) 
15,045 $1,508 439 $136 2,845 $3,442 53,145 $65,774 
1,387 12240 uuum 8 384 328 6,630 11,000 
22,379 20, 723 7,982 2, 546 2,561 2,291 130 ,676 198 ,182 
5,188 4,299 1,492 522 248 321 20,701 28 ,630 
43,999 27,773 9,913 3,204 6,038 6,382 211,152 303, 586 
70,850 40,314 27,523 8,339 3,535 1,579 268,035 355,565 
91,679 58,308 102,137 38,404 16,491 14,341 635,983 684,655 
314, ,913 168,478 „355 1,446 6,378 5,282 692,866 576,738 
477,442 267,100 131,015 48,189 26,404 21,202 1,596,884 1,616,958 
836,393 154,741 73,122 20, 328 3,832 1,391 976,405 704,770 
231,137 97,540 „50 „82 1,897 1,312 444, 261 284, 572 
250, 906 130,471 6,582 2,159 2,049 1,310 690, 306 525, 859 
350,281 182, 847 11,060 3,948 17,901 12,546 971,719 688, 670 
117,315 61,708 22, 275 7,484 2,65 888 269, 082 202, 240 
1,286,032 627 ,307 119, 547 35, 748 28,331 17,447 3,351,773 2,416,111 
82,646 30, 579 69, 273 18,773 242 56 284,889 160,425 
147,183 35,324 188,730 38,151 6,070 1,734 421,517 149,343 
88,518 83,089 ,675 16,039 23,851 10,436 309,139 183,386 
94,287 33,731 43,319 10,310 13,085 3,997 356,191 212,294 
48,166 14,695 48,103 12,555 10,828 3,030 191,410 89,992 
2,612 927 31 11 611 344 16,884 12,144 
4,101 1,271 3,666 979 2,149 889 28 , 792 18,720 
467,513 149, 616 367,797 96,818 56, 736 20,486 1,608,822 826,304 
11,377 7,782 3, 530 III! ⁵ĩð dbLuesuttox 24, 059 22, 837 
88,299 33,164 147,566 47,959 8,170 834 269, 073 131, 858 
140,115 51, 843 16,417 4,383 1,851 1,387 276,638 167, 108 
37,514 24,834 436 121 2,612 2,612 147,384 171,536 
60,538 30,027 4,172 1,310 7,093 3,497 109 ,980 81,695 
68 , 641 28 , 486 28,935 8 , 767 432 213 124, 876 69,472 
42,493 20,949 3,471 989 3,615 2,340 114,140 108 ,921 
88 , 069 89,575 791 226 3,047 2,124 163,927 101,679 
537,046 236, 660 205,318 64,902 21,820 13,007 1,230,077 855,106 
171,755 55,105 11,465 2,648 1,264 600 269,677 133,875 
51,969 22,866 349 95 7,422 4,216 164,231 106, 358 
119, 590 33,215 83, 544 21,889 3,317 812 250 ,957 93,170 
107,476 39,766 21,542 4,524 3,197 1,500 211,127 109,486 
450, 790 150,952 116,900 29,156 15,200 7,128 895,992 442,889 

KEE =s=— — Q 

138 ,997 39,352 72,045 18,275 2,101 634 305, 274 115, 688 
864, 848 192,861 292,891 53,601 25,304 6,205 1, 398 e 325,562 
118,948 28,666 181,852 30,104 10, 278 3,829 136,871 
1,696,231 330, 765 852,173 21,475 48,432 11,612 2, 899 609 598,325 
2,819,024 591,644 1,338,901 123, 455 86,110 21,780 4,855, 594 1,176,446 
> ZE 
54,613 19,879 45,943 14,105 7,657 3,017 150, 626 71, 266 
83,683 22 , 343 43,431 9,511 1,134 896 252,772 110,862 
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Table 5.—Quantity and value of natural gas- delivered 


Residential Commercial 
Region and State Number of Quantity Value Number of Quantity Value. 
` consumers (MMcf)! (thousands) consumers (MMcf)! (thousands) 
(thousands) (thousands) 

Mountain—Continued P 
Idaho 62 6, 545 8,885 10 5,828 5,460 
Montana POR EE AA 131 19,711 16,202 17 11,529 6,929 
Nevada............- 61 5,493 8,305 3 4,006 8, 629 
New Mexico M 239 81,568 28,064 26 16,683 10,210 

tali. oes 236 40,779 80,340 ` 15 8,098 4,589 
Wyoming...........- 68 12,592 " 8,374 10 10,713 4,832 
Total.....-------- 1,660 221,740 179,107 180 118,742 69,589 

Pacific 
Alaska 11 2,293 3,478 2 3,057 2,992 
California 5,418 517, 636 482, 699 344 186 , 888 128,524 
Oregon. 169 15,126 23, 350 22 7,827 10, 635 
Washington 238 26 , 342 87,564 82 15,928 17,544 

Total. _ 3 5,881 561,397 547,091 400 213, 700 159 , 695 
Total United States. 37,259 4,450,354 4,684,915 3,121 1,800,643 1,398,011 


1 Quantities in million cubic feet at 14.73 psia. 

3 Includes refinery fuel use. 

3 Includes 104, 973 million cubic feet used for carbon black production. 

4 Source: Federal Power Commission. 

5 Includes deliveries to municipalities &nd public authorities for institutional heating, street lighting, etc. 
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to consumers by type of consumer and by States, 1968—Continued 


Industrial 3 | Electric utilities Other consumers 5 Total 
Quantity š Value Quantity * Value uantity Value Quantity Value 
(MMcf)! (thousands) (MMcf)! (thousands) (MMcf)! (thousands) (MMcf)! (thousands) 


24,687 10,648 .......... „% 546 260 37,556 25,248 
23,155 7,570 631 150 2,122 884 57,148 31,685 
,693 3,974 15,846 6,053 2.991 1,854 37,029 23,815 
76, 864 19,293 49,236 13,589 14,030 4,311 188,381 15,467 
63,639 15,652 5,587 . 1,564 16 11 108,119 52.156 
34,794 8,262 316 65 . 924 182 59,339 21,715 
360,078 107,616 160,990 45,037 29,420 10,865 890,970 412,214 
2.671 1,205 5,625 2.019 1,656 579 15,308 10,273 
544,292 204,110 684,315 236,089 3,015 1,869 1,936,146 1,053,291 
51,755 21,787 537 199 47 24 75, 55,9 
93,370 36,414 .......... _ 316 158 135,956 91,680 
692,094 263, 466 690, 477 238, 307 5,034 2,630 2,162,702 1,211,189 


— . —— — — . — . — — — —— . ED 


7,134,018 2,422,134 3, 143, 858 684, 816 275,093 120,927 16,803,966 9,260,803 
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Table 8.—Estimated proved recoverable reserves of natural gas 
in the United States as of December 31, 1968 


(Million cubic feet at 14.73 psia at 60° F) 


Underground 


745 


State Nonassociated Associated- Total 
dissolved storage ! 
AISSES EEN 4,979,055 o 5,252, 324 
Arkansasss sss 2, 509, 768 174, 047 31,250 2,715 ,065 
California 2 22 2-8. 3,033, 627 4,098, 667 184, 035 7,316,329 
CGoloradeo 1,538 , 569 02,646 18,888 1,660,103 
Beo... 888 1,301 20, 909 275, 698 97, 908 
Indiana 1,731 5,804 67,924 75,459 
TT RUM 18,994,821 424,087 92,315 14,511,178 - 
e,, ß -o „718 56, 426 48,145 923, 52 
Louisiann LLL l Ll... -- 72,264,323 15,661, 596 89, 705 88,015, 624 
Michigan 77,274 79, 909 600, 243 757, 426 
Minñegota. ul ll Anu ³⁰Ü¹¹wmAAA A 64 64 
Mississippi 1,139,162 288,668 6,258 1,484,078 
EC ß 79,572 174,266 157, 695 911, 

Nebraska. 74 10, 736 15,158 56 , 768 
New Mexico 11,797,769 8,832,108 13,327 15,148,204 
New York . 2... l.l. c22l2-- 477 1 96,434 4,087 
North Dakot aaa 4, 976 861,834 ............- 866,810 
C os ee Se uui ue i s 243,344 107,878 432,653 783, 875 
Oklahoma... ..... 14,436,630 8,740,819 190,816 18,368,265 
Pennsylvania 844,493 13,979 486, 524 1,344,996 
Texas 9 MMC" 86,489,868 82, 420, 848 90,892 119; 001,108 
Lë EE 87,701 467, 756 1,099 1,156, 556 
Virginia %%% ³·dwdͥ˙ꝛ ²ſꝛſ -m ecco wes 34, 841 
West Virginia 2,179, 581 58, 398 347, 603 2, 585, 582 
Weoming 8,249,186 480,369 88,980 8,768,535 
Other States Rg ara Ce nT Ses EES 26,148 10,168 209, 088 245, 354 

i oe es 220, 990, 299 62, 864, 813 3,494, 744 287 , 849 , 856 


1 Gas held in underground reservoirs (including native and net injected gas) for storage. 
2 Includes offshore reserves. 
3 Includes Alabama, Arizona, Florida, Iowa, Maryland, Missouri, Tennessee, and Washington. 


Source: Committee on Natural Gas Reserves, American Gas Association. 


Table 9.—Estimated productive capacity of natural gas in the United States, 
December 31, 1968 


(Million cubic feet per day) 


Productive capacity Productive capacity 
State State — 
Non- Asso- Non- Asso- 
asso- ciated- Total asso- ciated- Total 
ciated dissolved ciated dissolved 
Alaska 350 78 428 New Mexico 8,707 1,525 5,2832 
Arkansas 980 95 1,075 New York...... 14. nlncescz 14 
California !...... 1,678 1,178 2,856 North Dakota 1 146 147 
Colorado 46 73 542 Ohio............ 90 80 120 
Ilinois.......... .....- 10 10 Oklahoma 9,364 2,843 12,207 
Indiana 4 4 Pennsylvania 249 258 
333 9,061 425 9,486 Texas 1... 28, 703 11,275 39, 978 
Kentucky....... 2 17 271 Utah.. .. . ----- 142 201 
iana 1...... 25,354 4,584 29 , 888 Virginia 988 9 
Michigan 121 60 181 wot 5 et 665 18 683 
Mississippi 574 79 653 —  Wyoming........ 1,157 224 1,381 
Montana 171 47 218 Other St States 4. 1 4 1 
Nebraska 21 12 33 
Total. 83, 145 22,740 105, 885 
1 Includes offshore. 


2 Includes Alabama, Arizona, Florida, Iowa, Maryland, Missouri, South Dakota, Tennessee, and Wash- 
gton. 


Source: Committee on Natural Gas Reserves, American Gas Association. 
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Table 10.—Underground storage statistics, December 31, 1968 
(Million cubic feet at 14.73 psia at 60° F) 


Total gas Total 
State Pools Wells in storage reservoir 
reservoirs capacity 
—— ————— 7 30 12, 503 40, 182 
ls y y ee cs 6 159 108 , 680 „647 
/// ³ÿð¹mDꝗ)dgꝙ y 3 38 11,040 22,218 
^l MOOR CHEM gee eee ee er nen UON qM ME OR 22 1,065 265,501 526,346 
Indiana 25 760 52, 475 142, 785 
1(öôö§öÜͤê, ß x 8 5 218 118,170 158, 
PE eee eae A ERA ., ĩͤ 8 16 745 78, 105, 162 
Kentu IDE Het erac utt es ( eas 17 781 27,819 61,601 
Louisiana. _. U... . Sls Sia See ee es eae 2 49 69 ,205 104,528 
Maryland EE EE EAR CES 1 53 26,011 64, 770 
Ml ſ ³ K io ie sss 29 2,072 828,430 694,160 
Minnesota........ cL cec eee eee 1 16 64 
Ark ae Ne ceE RESO RORP OE enS 2 23 5, 757 6,906 
Missouri 1 70 25, 637 š 
Montana...... oe ee eene ee ee we eee ee eee 6 170 117,957 170,152 
Nebraska. cL css s ew ener 1 15 4,099 39, 270 
New Mexico 3 35 2,419 58, 6 
N ³ͤ K ð vv ³⁰Ü¹ 15 893 88,209 110,830 
EE 8 21 2,686 839 ,840 502, 513 
Oklahoma eee eee ee 11 185 178,684 308, 922 
Pennsylvania... . . eee eee 64 2,098 466 , 792 696,107 
z . CREMA 17 164 63, 586 113, 065 
i oes ⁵ ꝗᷣ x... NONI tae 1 8 1,099 1,447 
Washington 45 6,763 25, 000 
West Virginia 35 1,256 825,717 419,553 
CC Üê³[dtL³7 8 3 11 26,045 76, 628 
TOI 22. 2 ñ ⅛˙ . - ¹Ü—i ·˙ . eee ee 315 13, 645 2,745, 940 4,783,493 


Source: American Gas Association. 


Table 11.—Gas wells and condensate wells in the United States 


Completed Producing Completed Producing 
State during Dec. 31 during Dec. 31 
1967 1967 1968 1968 
öÜ˙Üêö56Gqö ͥ .; EEN 1 
JJ%%ô§ö§;5 fyf k ¼ . en ee u Ts 4 21 7 18 
ArISOnÁ.l.caoncezew2SewEcescauasaekuiac ua euim 2 W 
FK TT ⁵ ↄ ↄ ð yſꝗ ³dd c teeta a 70 909 46 947 
California... .. -2-222222 22222-2»... 72 1,059 76 994 
Colorado... ³o˙.üi ³ 5o9Nꝛꝛ ⁊ ð K ĩͤ ĩͤ 2 serie i: 827 el 810 
OB pec TM 6K. k CUOI TC 
ne . . 5 271 14 265 
Eeer 147 8,608 90 8,509 
e ß manque Dex ERE as 200 6,215 205 6,290 
ü ³˙ ]ͤ; c ⁵ð³ aee 465 9,036 587 9,1 
Maryland... ĩ ˙“˙wwr ⅛˙•˙ ' ² d ͥ h mm. y 1 Cu. 
eil ³ĩVA5¹Qꝛ y 26 244 199 
M ippiliilddd turn e e renm secs 15 860 12 847 
ur J PPM E Ee ll]. te 11 
Monten. coo EEGEN 22 648 40 635 
Nebrské EE 1 8 
New Mexico 257 8,274 150 8,754 
Now York Ü[ê᷑ͤ6C1! ˙ ˙ VVA... cess 13 1,159 10 1,155 
North Dakota „ Ul 222225 
e DCN ERU f EE 214 8,865 230 4,853 
Oklahoma... EE 7, 726 370 8,337 
ane ð v 271 17, 700 253 17, 000 
KT TT S/ ⁰¹6¹Ü1 y Ee E A mr 21 
KT EE 952 28 , 760 768 23,805 
MC MODERN a m 8 10 168 1 
West Virginiaaaůn 3384 20 500 ` 522 18 214 
est II. ODERUNT :.. 9 ? 
Wyoming.....-oawecesexasmaeladaeranaSGmceueade 89 9 8 
TOU. .cleuswee bduexewamuuseuueesczu us dde 8,659 112,321 8,455 110,972 


i From data compiled by the American Association of Petroleum Geologists and American Petroleum 


NATURAL GAS 


747 


Table 12.—Natural gas stored underground in and withdrawn from storage fields 


(Million cubic feet at 14.78 psia) 


State 


Total 
stored 


1967 
Total 


withdrawn 


Net 


stored 


1,132,534 


1968 

Total Total 
stored withdrawn 
536 509 
1,210 854 
58 ,08 62,631 
6,849 6,850 
1,500 1,255 
143,180 97,146 
26,679 24,906 
57,082 54,574 
44,524 41,190 
28,993 28,049 
83,037 22,799 
10,520 6,235 
76 667 
255, 365 250, 874 

90 „71 
8,919 10,167 
17,398 8,009 
2,959 8,764 
975 968 
74 60 
44,978 45,482 
169,955 158,914 
46,871 986,464 
235,415 235, 570 

„140 90 
31, 597 84,242 
640 611 
272 104 
974 974 
181,338 182,982 

, 387 4,0 


184,829 1,425,075 1,829,536 
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Table 13.—Gross withdrawals and disposition of natural gas in the United States 


(Million cubic feet at 14.73 psia) 


State Gross withdrawals Disposition 
a 
From gas From oil Total ! Marketed Repres- Vented 
wells wells production suring and flared 2 
1967 
Alaska... nMi 42,688 23,129 65,817 14,438 39,989 11,390 
Arkansas 81,491 46,038 127,529 116,522 10,01 997 
California 287,681 573,639 861,320 681,080 176,675 3,565 
Colorado. ............... 89,866 38,148 128,014 116,857 8,501 2, 656 
Illinois r 199 r 5,071 5,270 5,144 ..........- 126 
Indiana. ...............- 106 92 198 17 ct A 
Aans ass 730, 762 145, 591 876, 353 871,971 1,752 2,630 
Kentucky..............- 88,81 357 9,174 89,168 .........- 
Louisiana. 5,070,825 1,016,600 6,087,425 5,716,857 208,719 161, 849 
Maryland 562 a foe 621 C A anes 
Michigan 22,709 20,383 43,092 33,589 7,642 1,861 
Mississippi. i1mĩmũl 139, 608 41,701 181, 309 139, 497 34,714 7,098 
Montana 10, 308 21, 302 31,610 25, 866 722 5,022 
Nebraaka -2-0 -~ 6,180 3,902 10,082 8,453 1,629. ebe 
New Mexico.......-_---- 174,007 301,003 1,075,010 1,067,510 1,508 5,992 
New York ------ 8,7 97 3,837 /// 
North Dakota 265 65,992 66,257 40,462 aaan 25,795 
777 ee see INE 34,291 7,024 41,315 41;3152 EE 
Oklahoma 1,133,163 488,173 1,621,336 1,412,952 81,755 126 , 629 
Pennsylvania 89,751 590 90, 341 89,966 915. zd 
juo c 1 E UM 6,280,148 2,011,361 8,291,509 7,188,900 973,206 129 , 403 
Utah 205.5 ee 21,685 „599 78,284 48,96 26,319 3,000 
Virginia 3,8 1s 3,818 E EE 
West Virginia 209 , 545 2,545 212,090 211,460 6380 MN 
Wyoming 221, 850 36,115 257, 965 240, 074 16,393 1,498 
Other States 1,298 902 2,200 1,805 35 360 
Totale 15,845,422 4,906,354 20,251,776 18,171,325 1,590,574 489 ,877 
1968 
Alaska... 48 ,933 50,370 99,308 17,843 57,702 24,258 
Arkansas...........-.-..-- 110,898 51,25 162, 155 156,627 4,633 895 
California 505, 605 311, 820 816,925 714,893 99,252 2,780 
Colorado 93, 556 36,027 129,583 121,424 6,645 1,514 
Illinois 183 4,299 4,482 4,3800 102 
Indiana 204- Sebel 234 3·»é c. kobe os 
Kansas.. 690, 216 149, 557 839, 773 835, 555 1,689 2, 529 
Kentucky. 7ypꝰ/ 88, 709 330 89,039 89,02e . . . . 15 
Louisiana 5, 623,961 1,153,555 6,777,516 6,416,015 195,062 166,439 
Maryland..............- 864 .........- 864 p RE 
Michigan 24,151 19,779 43,930 40,480 2,330 1,120 
Mississippi 136,972 34, 645 171,617 135,051 30, 656 5,910 
Montana --.--------- 11,208 21,021 32,229 19,313 365 12,551 
Nebraska. ` 5,681 3,648 9,329 8,129 12200 
ew Mexico. ...........- 873,211 297,313 1,170,524 1,164,182 355 5,987 
New York..............- 4,632 _ .. .. . 4,632 / eege E 
North Dakota. .........- 225 62,848 63,078 41,023 `... 22,050 
1 et 33,742 8,931 42, 673 422)// ĩðͤ v ss s 
Oklahoma. .............- 1,225,620 380,957 1,606,577 1,390,884 86,285 129,408 
Pennsylvania 87, 627 680 88,307 87,9 320 8 
Tex88- uu 8 6,477,441 2,088,647 8,566,088 7,495,414 946,090 124,584 
Utah o ul ay eee ee eee 20,448 ,856 ,299 ,151 30 , 242 j 
Virginia 388 sess 3,389 /// AAA Raoelusewss 
West Virginia. 284,861 3,380 237,741 236,971 o Se 
Wyoming 237,156 46,760 283,916 248,481 22,397 13,038 
Other States . 907 8 1, 802 1,281 99 4 
Total... 16,539,925 4,785,075 21,325,000 19,322,400 1,486,092 516,508 
r Revised. 


1 Marketed production plus quantities used in repressuring, vented and flared. 


2 Partly estimated; includes direct losses on producing properties and residue blown to the air. 


3 Alabama, Arizona, Florida, Missouri and Tennessee. 
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Table 14.—Marketed production of natural gas by 0 at 60° F (15.56° C) 
and normal atmospheric pressure? 


(Million cubic feet) 


Country | 1964 1965 1966 1967 1968 
North America: 
Barbados l 94 102 106 e 100 97 
Canada... o l.l csc eee 1,327,664 1,442,448 1,341,833 1,471,725 1, 642, 636 
Megxi60..... u. ͥͤ 234, 636 249, 844 255, 128 275, 502 285, 430 
Trinidad and Tobago. ........... 88 , 452 41,456 53,406 51,494 51,594 
United States 15,462,143 16,039,753 17,206,628 18,171,325 19,322,400 
South America: 
Argenting.....................-- r 130,996 r 153,895 164,282 169,259 188,808 
Bolivia EE 4,145 8,453 3,795 3,503 867 
Brazil exo EC r 3,100 r 4,200 r 6,100 6,000 7,000 
CHUNG NM os tee et r 29,000 r 30, 000 r 81,000 33, 000 33, 500 
Colombia 26,919 31, 738 35, 922 37,721 41,537 
Perdu... A cease sees r 15,885 r 15,446 16,140 e 16,500 16,808 
E Venezuela... 237, 419 249,815 263 , 894 292,655 801,200 
urope: | 
OT g EEN 62,289 60,872 66,163 63,468 57 , 562 
Czechoslovakia. 32 , 842 80,017 r 45,909 e 50,000 e 50,000 
France... . ee -----ľ 179,751 178,268 182,258 196,313 201,293 
Germany, West r 61,399 r 91,391 r 114,182 148,474 e 205,000 
Hungary 22 27, 702 39,128 54,843 72,218 95,031 
liz L wes Sees r 268,542 r 272,910 r 296,599 323, 671 e 360, 200 
Netherlands 27,015 r 55, 514 r 116,395 253,731 514,172 
oland 2____ 2 ee 41,706 46 ,333 45,556 55,373 90,264 
Ruf 8 403, 186 454,391 497, 196 559, 525 774, 923 
USS Redes re mu ewe 8,891,658 4,569,696 5,110,008 5,600,880 6,038,690 
United Kingdom. ..............- 200 449 123 16,664 à 
ia Yugoslavia SE 9,676 11,653 14,196 16,313 20,615 
rica 
Algeria JC ² AA 28, 569 r 61,544 r 72, 726 76,226 87, 520 
Gabon. r 934 r 376 r 405 611 879 
Morocco . . 412 402 389 879 382 
TL SEENEN 1,766 3,531 6,357 5,424 5,190 
Tunisia... oe ees 27 290 29 32 e 340 
Asia 
Ae ⁵ðI ] ⅛ ] vd ³¹ð—mj᷑ ⁰ͥ mr ĩè 76 53,000 
Bahrain e 1, 800 1,800 2,000 2,000 2,200 
Pn!!! ler aec 6,460 7,870 10, 000 e 8, 000 ; 
/ ˙·¹. Sa ce es e 5,000 e 5,300 r 14,126 16,439 21,347 
Indonesia aa ----------- 13, 000 r 15, 000 r 18,000 22, 000 24, 066 
JVVVFoGFF%E!ô 8 42, 102 43,4283 48,957 51,784 55,534 
EE 13, 500 12, 900 21,419 18,191 27,293 
Ty TEEN 1,069 2,559 3,371 3,859 4,238 
PAD ON n suene 65,640 62,861 64,509 66,734 72,617 
Kuwait: or ccc Esa 57,761 63,356 66,200 e 90, 000 114,750 
Kuwait-Saudi Arabia Neutral 
. ³¹¹1.¹·¹mͥA ͤ K aS 7,500 8,000 8,300 8,500 8,000 
Pakistan loco Eats 59,100 66,194 76,000 83,288 91,525 
9 uc cm . WV 8 2,789 2,850 e 2, 900 e 3, 500 e 4,200 
Saudi Arabia 86,072 36,331 e 40,000 e 45,000 e 50,000 
Taiwan 5,982 10,932 15,507 18,616 24, 877 
United Arab Republic 1,840 1,720 1,960 e 2,000 e 2,000 
Oceania: 
Australian. 106 144 143 152 216 
New Zealand.................-- 5 5 4 4 3 


„ ——————— P 22,867,453 24,480,160 26,394,231 28,408,525 31,028,664 


e Estimate. Preliminary. r Revised. 
! Data not available for mainland China and several other countries. 
? Including gas for repressuring. 


NOTE.—The data relate, as far as possible, to natural gas actually collected and utilized as fuel or raw 
material. They exclude gas used for repressuring (except where otherwise noted), as well as gas flared, vented, 
or otherwise wasted, whether or not it has first been processed for the extraction of natural gas liquids. Data 
for puna reporting in cubic meters have been converted using the standard factor of 35.3145 cubic feet 
per cubic me 
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Natural Gas Liquids 


By William B. Harper ! and Leonard L. Fanelli ? 


Reflecting the continued growth in the 
production of natural gas to meet demands, 
the output of natural gas liquids rose to 
550.3 million barrels which was 35.8 mil- 
lion barrels or 7 percent larger than that 
in 1967. The total value of this production, 
however, declined to $1,124 million which 
was nearly 55.9 million below the values 
for 1967. This decline is attributable pri- 
marily to a softening of prices for liquefied 
petroleum gases from $1.94 per barrel to 
$1.57 per barrel. 

Natural gas liquids are products obtained 
from natural gasoline plants, cycling plants, 
and fractionators after separating the 
natural gas. Included in these products are 
ethane, the liquefied petroleum (LP) gases 
(butane, propane and butane-propane mix- 
tures), isobutane, and other mixed gases. 
Also, included in the output of these plants 
are natural gasolines, plant condensate, and 
finished products such as gasoline, special 
naphthas, jet fuel, kerosine, distillate fuel 
oil, and other finished products. 

Shipments from natural gas processing 
plants of LP gases and ethane totaled 338.8 
million barrels, an increase of 12 percent 
in 1968. Natural gas liquids used as blend- 
ing material in gasoline totaled 259.3 mil- 
lion barrels, an increase of nearly 6 percent. 

These data presented in this chapter are 
compiled from reports submitted by natural 
gasoline plants, cycling plants, and frac- 
tionators that handle natural gas liquids, 
and include all natural gas liquids except 
the small volume recovered at pipeline 
compressor stations and gas dehydration 
plants. Such recovery is considered to be 
of little significance in the national and 
State totals. Plant condensate is included 
in the category of natural gas liquids. Field 
condensate, however, is reported with crude 
oil and is excluded from the total for 
natural gas liquids. Liquefied refinery (LR) 
gases and ethane produced at petroleum 
refineries are not natural gas liquids, but 


to obtain complete data on distribution of 
liquefied gases, tables are included in this 
chapter covering the production and stocks 
of LR gases. 

Annual reports were received from all 
producers and distributors and from most 
of the dealers that sell more than 100,000 
gallons of LP gases annually. To reflect 
total shipments, the sample of dealer ship- 
ments was expanded by Petroleum Adminis- 
tration for Defense (PAD) districts on the 
basis of domestic demand in the districts. 

Data on shipments of LP gases, normally 
reported in this chapter, were not available 
at the time of publication and will be pub- 
lished in the Mineral Industry Survey 
“Liquefied Petroleum Gas Shipments, 
Annuals.” 

For the purpose of this chapter, liquefied 
gases and ethane, whether obtained from 
natural gas or from processing in refineries, 
are defined as follows: 

Ethane.— Includes ethane only. All other 
LP gases mixed with ethane are reported 
in their respective product classification. 

Propane.—Includes all products covered 
by Natural Gas Processors Association 
(NGPA) specifications for commercial 
propane. 

Butane-propane.—Includes all products 
covered by NGPA specifications for com- 
mercial butane propane mixtures. 

Butane.—Includes all products covered 
by NGPA specifications for commercial 
butane, except those that contain 60 per- 
cent or more isobutane. 

Isobutane.— Includes all products covered 
by NGPA specifications for commercial 
butane that contains 60 percent or more 
isobutane. 

Other Mixtures of Liquefied Petroleum 
Gases.—Includes mixtures that cannot be 
Classified within the five classifications men- 


Mineral specialist (petroleum), Division of 
Mineral Studies. 
? Survey statistician, Division of Statistics. 
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tioned, such as mixtures containing less 
than 50 percent ethane but more than 50 
percent propane and butane. 


Isopentane.—Includes segregated isopen- 
tane. 


Natural Gasoline.— Breakdown by various 
Reid vapor pressure classifications indicated. 


Plant Condensate.—Includes condensate, 
raw or deenthanized stream. 


Gasoline.—Includes all products within 
the gasoline range for shipment as motor 
fuel. 


Special Naphtha.—Includes all hexanes 
and heptanes. 


Jet Fuel.—Includes all aviation turbine 
engine fuel for both military and commer- 
cial use. 


Kerosine.—Includes all grades of kero- 
sine or range oil. 


Distillate Fuel Oil.—Includes all light 


oils for shipment as fuel. 


Other Products.—All products not other- 
wise classified. 

Production of natural gas liquids is 
reported by States, although data for 
Louisiana and Texas are also reported by 
districts. 

Louisiana is divided into an Inland dis- 
trict and a Gulf Coast district. The Gulf 
Coast district includes Veron, Rapides, 
Avoyelles, Pointe Coupee, West Feliciana, 
East Feliciana, Tangipahoa, St. Helena, 
and Washington Parishes (counties), and 
all parishes in the State south of these. All 
parishes not included in the Gulf Coast 
district are in the Inland district. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to grouping of the Texas Railroad Com- 
mission districts: 


Bureau of mines districts 
Railroad Commission districts 


Gulf Coast. Nos. 2 and 8 
West Texas Nos. 7C, 8 and 8A 
East Proper Part of No. 6 (East 
Texas field in Cherokee, 
8 be ag at Rush, 
an re ounties 
Panhandle.......... No. 10 ge ; 
Rest of State: 
North... 2.2- Nos. 7B and 9 
Central No. 1 
South... No. 4 


Other East Texas.. Nos. 5 and 6 (exclusive 


of East Proper) 
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Refineries are also grouped by the Bureau 
of Mines into a set of refining districts. 
These refining districts may be combined 
to correspond with the Petroleum Adminis- 
tration for Defense districts (PAD dis- 
tricts). 


PAD district Refining district 


1.—East Coast.—District of Columbia, 
Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island, Con- 
necticut, New Jersey, Delaware, 
Maryland, Virginia, North Carolina, 
South Carolina, Georgia, Florida, 
the following counties of New York: 
Cayuga, Tompkins, Chemung, and 
all counties east and north thereof, 
and the following counties of 
Pennsylvania: Bradford, Sullivan, 
Columbia, Montour, Northumber- 
land, Dauphin, York and all coun- 
ties east thereof. 

1.—Appalachian No. 1—West Virginia 
and those parts of Pennsylvania and 
New York not included in the East 
Coast district. 

2.—Appalachian No. 2—The following 


counties of Ohio: Erie, Huron, 
Crawford, Marion, Delaware, 
Franklin, Pickaway, Ross, Pike, 


Scioto, and all counties east thereof. 

2.—Indiana-Illinois-Kentucky—Indiana, 
Illinois, Kentucky, Tennessee, Mick- 
igan, and that part of Ohio not 
included in the Appalachian district. 

2.—Oklahoma- Kansas- Missouri—Okla- 
homa, Kansas, Missouri, Nebraska, 
and Iowa. 

2.—Minnesota-Wisconsin-North Dakota- 
South Dakota—Minnesota, Wiscon- 
sin, North Dakota, and South 
Dakota. 

3.—Texas Inland—Texas, except Texas 
Gulf Coast district. 

3.—Texas Gulf Coast—The following 


counties of Texas: Newton, Orange, 


Jefferson, Jasper, Tyler, Hardin, 
Liberty, Chambers, Polk, San 
Jacinto, Montgomery, Galveston, 


Waller, Fort Bend, Brazoria, Whar- 
ton, Harris, Matagorda, Jackson, 
Victoria, Calhoun, Refugio, Aran- 
sas, San Patricio, Nueces, Kleberg, 
Kenedy, Willacy, and Cameron. 
3.—Loutsiana Gulf Coast The follow- 
ing parishes of Louisiana: Vernon, 
Rapides, Avoyelles, Pointe Coupee, 
West Feliciana, East Feliciana, 
Tangipahoa, St. Helena, Washing- 
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PAD district Refining district 


ton, and all parishes south thereof; 
the following counties of Mississippi: 
Pearl River, Stone, George Hancock, 
Harrison, and Jackson; and Mobile 
and Baldwin Counties, Alabama. 
3.—North |. Louisiana-Arkansas—Arkan- 
sas and those parts of Louisiana, 
Mississippi, and Alabama not in- 
cluded in the Louisiana Gulf Coast 
District. 
3.—New Mexico—New Mexico. 
4.—Rocky Mountains—Montana, Idaho, 
Wyoming, Utah, and Colorado. 
5.—West Coast—Washington, Oregon, 
California, Nevada, Alaska, Arizona, 
and Hawaii. 


Some data in the chapter are based on 
the Bureau of Mines refining districts, while 
others refer to the PAD districts. Maps 
showing the PAD and Bureau of Mines 
refining districts appear in figure 2 of the 
Crude Petroleum and Petroleum Products 
chapter of this volume. 
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Unlike earlier years, the format and 
content of table 1 no longer includes sup- 
ply and demand balances for that part of 
natural gas liquids relating to the finished 
petroleum products defined on the first 
page of this chapter. This is readily under- 
standable as the relative importance of 
these finished products in terms of volumes 
and values, is small—only 2 percent of the 
yield at natural gas processing plants and 
less than 4 percent of the value. 

Finished petroleum products lose their 
identity as "natural gas liquids" by being 
absorbed into the supply stream but in- 
formation on production and on stocks is 
available in the Minerals Yearbook Chapter, 
*Crude Petroleum and Petroleum Products" 
in the table captioned “Salient Statistics 
of the major refined products in the United 
States.” Also, these data are identified as 
to origin in table 2 of the Monthly Petro- 


leum Statements and the Annual Petroleum 


Statements, which are included in the Min- 
eral Industry Surveys published by the 
Bureau of Mines. 


DOMESTIC PRODUCTION 


Production of natural gas liquids con- 
tinued to rise in 1968, along with the 
expansion in natural gas demand. Produc- 
tion of natural gas liquids and ethane at 
natural gas processing plants in the United 
States totaled 550.3 million barrels, an in- 
crease of 7 percent over the 514.5 million 
produced in 1967. 

Production of LP gases and ethane rose 
at a sharper rate than natural gasoline and 
isopentane. As shown in table 1, production 
of LP gases and ethane increased to 351 
million barrels, which was 24.6 million or 
7.5 percent higher than in 1967. A break- 
down of the production of natural gas 
hquids production by volume and value 
at plants is available in table 2. Table 3 
presents detailed description of the pro- 
duction by components in the LP gases 
group. 

A faster growth rate for the output of 
the LP gases and ethane is readily under- 
standable as processors aim to maximize 
production of these intermediates as well 
as the finished products included in table 1. 

The production of ethane at natural gas 
processing. plants in 1968 increased to 
45.8 million barrels or 24.8 percent above 
the 1967 level of 36.7 million barrels. 

Within the LP gas group, propane pro- 
duction in 1968 was 184.4 million barrels 


or 8.6 percent above the 1967 results. 
Propane constitutes 60.4 percent of the 
overall output of LP gases obtained from 
gas processing plants. 

Butane production in the gas processing 
plants increased 4.5 percent to 78.9 million 
barrels in 1968. 

Natural gasoline, which accounts for 
better than a fourth of the entire natural 
gas liquids output of natural gas processing 
plants, rose to a new high of 145,214,000 
barrels or 6.5 percent in 1968. Table 4 
provides production information by vapor 
pressures for the five PAD districts. Some 
63 million barrels of natural gasoline with 
a vapor pressure of 12 pounds or less, was 
produced in 1968 and 95 percent of the 
production was derived from District 3. 

In addition to LP gases and ethane 
produced at gas processing plants, re- 
fineries produced more than 118 million 
barrels of liquefied petroleum gases (known 
as LRG) in 1968. This production, which 
is for fuel and chemical use, was 6,570,000 
barrels or 5.9 percent larger than in the 
preceding year. Propane production, in- 
cluding propylene, accounts for better than 
six out of every ten barrels of LRG pro- 
duced at refineries. Data on production of 
LRG are available by type of intermediate 
and stratified by PAD districts in table 5. 
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Figure 1.—Production of natural gas liquids in the United States. 


RESERVES AND PRODUCTIVE CAPACITY 


Proved reserves of natural gas liquids in 
the United States declined nominally to 
8,598 million barrels as of December 31, 
1968, according to estimates by the Ameri- 
can Gas Association Committee on Natural 
Gas Reserves. Compared with their 1967 
estimate, proved reserves were some 16 
million barrels lower at the end of 1968 
as shown in table 6. 

There were increases in six States includ- 
ing Louisiana and New Mexico, but de- 


DEMAND 


Some 259 million barrels of natural gas 
liquids were shipped to refineries for blend- 
ing and processing in 1968. This amount 
was 14.6 million barrels or nearly 6 percent 
more than that shipped in 1967. Inputs 
of natural gas liquids in refineries are in- 
dicated by months in table 8. Plant con- 
densate used at refineries increased about 
] million barrels to 38.5 million barrels for 
blending. Conversely, shipments of iso- 
pentane to refineries were lower. 

Trends were mixed in the use of liquefied 
petroleum gases at refineries (LRG) as in- 
dicated in table 9. There was no discernible 
trend in uses except for the use of butane 
in District 4. 


clines in 16 others, including Texas, more 
than offset any gains. The principal de- 
clines were in California and Texas. 

The same American Gas Association 
Committee also estimated that the produc- 
tive capacity of natural gas liquids in the 
United States at the end of 1968 was 
3,259,000 barrels per day. Texas, including 
offshore, accounted for nearly half of the 
total with 1.5 million barrels per day. 
Louisiana was second with 901,000 barrels, 
or 27.6 percent as indicated in table 7. 


AND USES 


Natural gasoline constitutes the largest 
factor in the natural gas liquids category 
used at refineries. During 1968, refineries 
used 145,517,000 barrels of natural gaso- 
line, an increase of 10 million barrels or 
7.3 percent above 1967 levels. Demand for 
natural gasoline exceeded production re- 
sulting in a stock reduction for 1968 of 
278,000 barrels. Production shipments and 
stocks of natural gas liquids including 
natural gasoline are indicated in table 1. 

In addition 12,714,000 barrels of other 
finished products were shipped from the 
natural gas processing plants during 1968. 
Gasoline accounted for 6.2 million barrels 
or 48.8 percent. Production, shipments, etc., 
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are indicated for petroleum products in- 
cluding jet fuel, distillate fuel oil, etc. in 
table 1. 

Domestic demand for LP gases for fuels 
and chemical use, excluding the quantities 
used at refineries for blending, rose in 1968 
to 267,575,000 barrels, or 14 percent above 
the 234,523,000 barrels reported for 1967. 
Propane, which constituted 178,448,000 
or two-thirds of the LP gases, experienced 
an increase of 23.8 million barrels, or 15 
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percent. Butane demand increased to 40 
million barrels or 7.3 percent above the 
1967 levels. Ethane demand rose sharply 
in 1968 to 45,706,000 barrels for an in- 
crease of 26.6 percent above the amount 
used in 1967. Other demand changes in 
liquefied petroleum gases from the natural 
gas processing plants and the liquefied re- 
finery gases obtained from refineries, are 
indicated in table 10. 


STOCKS 


Part of the softer price structure can be 
attributed to larger inventories of the LP 
gases. At the erid of 1968, for example, 
there were 71,140,000 barrels in plant and 
terminal storage, which was 12.5 million 
barrels or 21 percent larger than that a 
year earlier as indicated in table 13. Some 
7.5 million barrels of the stock buildup 
occurred in propane. Stocks of that LP 
gas at gas processing plants and terminals, 
as evidenced in table 10, rose from 
37,064,000 barrels to 44,523,000, an in- 
crease of 20 percent. Inventories of butane 
increased 2 million barrels during the year 
or 15 percent. 

Isobutane stocks were up to 7,736,000 
barrels by yearend as compared with about 
5,000,000 barrels at the end of 1967. 

The largest market for butane and iso- 
butane is at refineries as these hydrocarbons 
are used in gasoline blending. Two of the 


refining processes, hydrocracking and also 
catalytic reforming, however, yield pro- 
pane and n-butane and isobutane; hence, 
as Capacity grows so will the production of 
these natural gas liquids in refineries which 
include a hydrocracking unit. 

At yearend 1968, there were 35 hydro- 
cracking units in operation in the United 
States with a hydrocracking capacity aggre- 
gating nearly 500,000 barrels per stream 
day. 

Underground storage of LP gases at 
plants and terminals expanded markedly 
in 1968. By yearend some 57,884,000 
barrels, primarily the LP gases, were in 
underground storage. This volume was 23 
million barrels or 66 percent larger than 
that at yearend 1967. Some 81 percent of 
the stocks of LP gases at plants and ter- 
minals were held in underground storage 
at the end of 1968. 


PRICES AND VALUE 


Weaker prices for LP gases resulted in 
a decline of 4.8 percent in the value of 
natural gas liquids produced at gas process- 
ing plants in 1968. Values aggregated 
$1,123.8 million which was $56 million or 
4.8 percent lower than in 1967. Volumes 
of LP gases produced were up 7.5 percent 
in 1968 but softer prices reduced the value 
of production $81 million or 12.8 percent. 
The value in dollars per barrel dropped 


FOREIGN 


U.S. imports of butane and propane origi- 
nate primarily in Canada. In 1968, the 
United States imported 5,627,000 barrels 
of propane, which was 34 percent higher 
than the preceding year. Butane imports 
increased moderately to 6,020,000 barrels 
or about 5.6 percent. Mexico continued to 


from $1.94 in 1967 to $1.57 in 1968, or 
19 percent. The value of natural gasoline 
and isopentane and other natural gas 
liquids are shown in table 12. 

Prices of LP gases have softened markedly 
as shown in table 13. In Baton Rouge, 
La., for example, the price per gallon 
averaged 4.74 cents in 1968 as compared 
with 6.24 cents in 1967, or a drop of 24 


percent. 


TRADE 


be our best export market for natural gas 
liquids, receiving in 1968 7,677,000 barrels 
or 72 percent of the total United States 


exports of 10,602,000 barrels of LP gases. 


* Refers to the throughput or output capacity 
of a unit operating for a full day with no allow- 
ance for 'downtime" that is time a unit may be 
shut down for repairs and maintenance. 
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Table 1.—Plant production, stocks at plants and terminals, ship 
(Thousand 
Product Jan. Feb. Mar. Apr. May 
All products, total: 
Production. e «4 45,204 43,509 47,104 45,229 47,005 
SLOCEB x E TS ,02 49,914 52, 247 60, 160 68,399 
Shipments ere e 54,645 47, 128 44, 771 987,316 88,766 
Liquefied petroleum gases (including ethane): 
Production 28 , 514 27,951 30, 362 28,817 29,824 
ll EMEN DK "Xppo ĩð w 49,460 45,367 47,379 55,186 63,233 
T Ship ments 87, 739 82,044 28,850 21,010 21,777 
e: 
Produet ion 25⁵ 231 235 202 224 
Stocké- o eege 16 27 10 10 12 
Shipments__....... 2c ase nece eas 263 220 252 202 222 
Natural line 
Production «„ 11.712 10, 798 11,796 11, 677 12, 378 
Htm rr en ,098 2, 876 3,0 3,215 3,166 
Shipments.............-.-...-----...-- 11,759 10,515 11,614 11,520 12,427 
Plant condensate: 
Production... ... .. . ..... a RE REA 8,410 8,241 3,342 9,264 8,379 
%%%%%/ͤ ]]] E E E 915 1,007 1,163 1,262 1,533 
Ship ments 8,390 8,149 8,186 3,165 3, 108 
Other producte, total: 
TE 1,318 1,298 1,369 1,269 1,200 
EE 539 637 637 487 455 
Ship ments 8 1,494 1,195 1,369 1,419 1,282 
Motor gasoline 
Production 545 505 559 518 508 
S ⁵ðiTſ S 257 249 284 172 127 
Shipment 553 513 574 580 553 
Special naphthas: 
Production........................ 47 48 47 87 "va 
e EEEE E E 10 8 9 8 8 
Shipments........................- 43 50 46 88 87 
Kerosine: 
Production. ....................... 72 70 84 73 78 
EE E Oeo 86 151 182 202 161 159 
Ship ments 279 39 64 114 75 
Distillate fuel oil: 
Production 24 89 101 97 95 
LOGER alcune eee ot retis 20 82 35 83 85 
Shipment 33 77 98 99 93 
Jet fuel: 
Production. nnn 40 37 29 30 40 
Stoll secs osc Sse Gea 46 53 28 38 44 
Shipment 8 30 54 20 34 
eous produets 
Production 585 544 549 514 447 
%% ĩ ͤ nunata 55 113 129 75 82 
Shipment 578 486 533 568 440 


ments from plants of natural gas processing plant products in 1968 
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barrels) 
Total 
June July Aug. Sept. Oct. Nov. Dec. 
1968 1967 

44,497 46,110 45 ,709 44,570 46 ,655 46,459 48,260 550,311 514,456 
75,182 80,506 86,053 90,155 89,157 83 , 825 75,296 75, 296 62, 969 
37,714 40, 786 40, 162 40, 468 47,653 | 51,791 56,789 537,984 489,720 
27 , 504 29,060 28,572 28,584 30,041 30,274 31, 759 351,262 826,618 
69,857 75, 438 80, 757 86,057 84,908 79,721 71,140 71, 140 58, 685 
20, 880 23,479 23,253 23 , 284 31, 195 35,456 40,340 338,807 302, 543 
223 225 215 213 210 214 213 2,660 8,021 
18 15 14 44 36 86 44 44 24 
222 223 216 183 218 214 205 2,640 3,005 
12,267 12,810 12,850 12,014 12,580 12,158 12,179 145,214 136,273 
,298 2,959 2,976 2,742 » 54 2,678 2,584 2, 584 , 645 
12,135 18,149 12,833 12,248 12,568 12,234 12,273 145, 275 186 , 293 
3,417 8,241 3,236 2,915 2,957 2,957 3,135 38,494 37,970 
1,492 1,578 1,736 737 786 765 841 841 895 
3,458 3,155 3, 078 3,914 2, 908 2, 978 3,059 38, 548 37,362 
1, 086 774 836 844 867 856 974 12, 681 10, 574 
522 516 570 575 678 625 687 687 720 
1,019 780 182 839 764 909 912 12,714 10,517 
498 472 489 498 513 511 595 6,211 7,261 
136 147 207 217 321 223 270 270 265 
489 461 429 488 409 609 548 6,206 7,364 
42 36 85 33 83 88 45 478 51 
10 10 11 10 11 9 18 13 6 
40 86 94 84 82 35 41 466 51 
90 59 104 107 101 97 97 1,027 1,293 
220 244 278 241 267 301 290 290 358 
29 35 15 139 75 63 108 1,095 1,144 
109 76 138 189 152 147 141 1,308 359 
32 86 47 46 41 47 65 65 29 
112 72 127 140 157 141 123 1,272 866 
40 89 5 4 4 4 5 277 44 
54 81 7 11 15 19 24 24 14 
30 62 7 ³¹A Ä nv se Cone bed 267 38 
307 92 65 63 64 64 91 3,385 1,566 
70 48 25 50 23 26 25 25 48 
319 114 88 38 91 61 92 8,408 1,554 
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Table 4.—Production of natural gasoline by vapor pressure and by 
PAD districts in the United States in 1968 


(Thousand barrels) 
PAD District 
Reid vapor pressure — — — — Total 
1 2 3 4 5 
12 pounds and less 398 1,885 59,689 739 350 63,006 
Over 12 pounds including 14 pounds 616 5,787 14,680 951 178 22,162 
Over 14 pounds including 18 pounds............... 1 4,984 4,287 126 748 10,746 
Over 18 pounds including 22 pounds 20 201 48 i2 1,818 2,452 
Over 22 pounds including 26 pounds 4 939 9,397 683 2,247 18,270 
Over 26 pounds. ese ........... ime 5,896 19,221 969 7,492 33 ,578 


((( ⁰ a 1,034 19,642 107,642 4,068 12,828 145,214 
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Table 5.—Liquefied petroleum gas and ethane (LR gas) produced at refineries 
for fuel and chemical use in 1968 


(Thousand barrels) 
Propane Butane- 
States by petroleum district (including Butane propane 
ethane) mixture 
District 1: 
NN eech 6,179 Gok Ee 
Pens nn 8 7,320 LO ele 
Other ate ee 1,406 654 .......... 
P11 v cede AAA ˙ . es te 14,905 1.022 2.254 
District 2: 
neee ee ZZQ uuu Se Ses ee 4,746 5 
KEE ³¹¹¹ AA ¹ ³ 'A 1,270 180 9 
Kansas- ß cusses 3,380 414 1 
Fellen 8 598 86° Jee 
e. y 1,381 63 157 
Obi eee se ůũxç: RN . ee ee ae 4,088 .......... 
Gand ....... .... . cé ed cuu 8,202 1,693 1,106 
Other Saee 8 1,362 78 216 
Ke HE 19,977 2,512 1,494 
District 3: 
Alabama and Mississippi 129 — 39 
Arkansas... . ecd sse %ð- 88 682 11 — 
Louisiana: 
Eeer ;ͥ0( ⁵ ³ -A ED ee 12,157 1,448 8,205 
Inläbd- v lege 25 
PAP ⁰²ꝛ]⁰˙¹ä²ᷣ A ( 12, 408 1, 529 3,239 
New Mexichoooo odo 137 132 
Texas 
Gö;;§ĩ—w 0; k- -=- oe 23, 741 12, 023 3,769 
777;õö·Ü;1'.: b vy kym y ee 1,056 „ 
))))!!! tl ee d eS ee %%%»; IA Mose kee 
Panhandle.. ß eee ce Bie 1,012 FFP aks 
CC ß ĩð v ĩ ß Lie 38 D... z S Sa San 
dir) NENNT RUN Se Ossa 26,195 13,058 3,769 
J77•§öĩ§ü “ 40,719 14,880 7,065 
District 4: — 
Soe., see ote ewes 117 1412 Z 
ONtANG 3220 bene Shee AAA 370 62 18 
tahu m sz yl yu sn uk aus Su nae Soe 417 2] L ocu Lu 
WYOMING 6 ss ee u mu i 237 585 14 
r. a ee ce ae se 1,141 810 32 
DIStrict EE 7,040 8,256 2,574 
Total United States 383,782 23,140 11,165 


1 Includes Delaware, New York, Virginia and West Virginia. 


2 Includes Minnesota, Missouri, Nebraska, North Dakota, Tennessee, and Wisconsin. 


3 Includes 9,446 thousand barrels of ethane. 


4 Includes 1,115 thousand barrels of isobutane used for petrochemical feedstock. 


Total 


43 ,022 
62 ,664 


12,870 
118,087 
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Table 6.—Estimated proved recoverable reserves of 
natural gas liquids! in the United States 


(Thousand barrels) 
Changes in reserves during 1968 Reserves as of Dec. 31, 1968 
Reserves —— 
State as of Extensions Discoveries 
Dec. 31, an of new Net- Non- Associated- Total 
1967 revisions? fields and production associated dissolved 
new pools with oil 
Arkansas 14578: ⅛ͤ ĩðͤ Ies 1.478 8, 605 4 3, 
California ?......... 218,602 7088 22, 639 „680 194, 588 203, 268 
Colorado 22,920 2,009 160 2,488 5,705 16 ,896 ,6 
Illinois 2,298 (18 ——enͤnè 390 „892 1, 895 
Indiana B 10 35 
ns ass 271,952 15, 879 197 17,472 261,153 9,408 270, 556 
Kentucky 77 51, 638 2, 809 1,405 8,388 52,464 ......... 52,4 
Louisiana 2,607,188 252,110 24,144 215,922 2,228,841 488,679 2,667,520 
Michigan........... 8, 1,32 6 ,995 1,429 2,16 8,592 
Mississippi 17,312 2,392 2,078 2,199 12,576 7,002 19, 578 
Montana 9, 756 TIB. ee 751 1,9 7,838 9,788 
Nebraska 2, 266 446 `... --- 627 71 1,372 2,085 
New Mexico........ 556,702 94, 827 367 46,738 887,305 216,858 604,168 
North Dakota /öͤ;— N ÄLòQ 2 114. ¿.. L 22 61,563 61,563 
Ohio............... 552 deet euseceses a EEA 523 528 
Oklahoma.......... 455,753 28,040 4,971 40,141 805,936 142,087 448,028 
Pennsylvania....... /// noe tee 9 1,064 ......... 1, 
exas__. . . . . . . .. 4,102,995 205,226 28,854 826,202 2,285,959 1,719,414 4,005,878 
CCC 42, %% 2,852 852 39, 40, 49 
West Virginia 81,662 5,886 2,948 6,864 88,6272 83, 627 
Wyoming 87, 241 5, 518 75 7, 866 45, 250 89,718 84,968 
Miscellaneous ... 1,000 881 880 947 1,827 
Total 8,614,231 625,629 60,030 701,782 65,698,001 2,905,107 8,598,108 


! Comprises natural gasoline, LP- 

? Parenthesis denotes decrease. 

3 Includes offshore reserves. 

Includes Alabama. — : 

Total remaining recoverable Natural Gas Liquids reserves in the Gulf of Mexico are estimated to be 
847,196,000 bbls.; of which 758,000 bbls. are Non- Associated and 88,882,000 bbis. are Associated-Dissolved. 


Source: Committee on Natural Gas Reserves, American Gas Association. 


» and condensate. 


Table 7.—Estimated productive capacity of natural gas liquids 
in the United States, December 31, 1968 


(Thousand barrels per day) 


Productive capacity ! Productive capacity ! 


State Non- Associ- State Non- Associ- 
associ- ated or Total associ- ated or Total 
ated dissolved ated dissolved 

Arkansas 4 2 6 New Mexico 105 88 188 
California 4 69 73 North Dakota ...... -20 --- 8 8 
Colorado 2 6 8 Oklahoma 178 88 266 
Mines 1 1 Texas: 929 599 1,528 
Kansas 182 11 193 Utali.l.slccez.zewewedo dueeccee 7 7 
Kentuck e 111 10 West Virginia 21-2222 21 
Louisiana ?........ 789 112 901 Wyoming 20 9 29 
Michigan 3 2 5 Miscellaneous | T zaguaa 1 
Mississippi 5 4 9 

Montana 1 2 3 Toll!! 2,255 1,004 8,259 
Nebraska 1 1 2 


1 The productive capacity of natural gas liquids is defined as the amount of hydrocarbon liquids that would 
be produced coincident with the estimated productive capacity of natural gas based on unit recoveries at normal 
producing rates. Such estimated capacities are not limited by lack of capacity of processing plants or other 
surface facilities and it is emphasized that adequate facilities would be required to effect the recovery of liquids 
from the natural gas produced at these rates. It should also be recognized that such facilities cannot be enlarged 
quickly. Therefore, the estimated natural gas liquid capacities, which relate to increased production of gas 
from oil and gas wells operating at their productive capacities, are theoretical. In the event of an emergency 
requiring capacity production of hydrocarbon liquids, both oil and natural qus quide, the capacities of existing 
processing plants would limit the amount of natural gas liquid capacity realized. 

Includes offshore. i 
S muan Alabama, Arizona, Florida, Iowa, Maryland, Minnesota, Missouri, South Dakota, Tennessee and 

ashington. 


Source: Committee on Natural Gas Reserves, American Gas Association. 
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Table 8.—Natural gas liquids used as refinery input in the United States in 1968, 
by Bureau of Mines refinery districts, and by months 


(Thousand barrels) 
District Jan. Feb. Mar. Apr. May June July 
East Coast ee 416 304 302 883 276 362 309 
Appalachian.. . . 29 29 12 10 19 23 16 
Indiana, Illinois, Kentucky, ete 2,357 1,878 1,709 1,278 1,428 1,583 1,606 
Minnesota, Wisconsin, North Dakota, and | „ 
South Dakota 271 241 223 185 138 188 
Oklahoma, Kansas, Missouri 1,736 1,462 1,469 1,433 1,528 1,529 1,518 
Texas: | 
inland ous eh . 1,891 1,788 1,804 1,751 1,897 1,927 2,001 
Gulf Coast... .---------------------- 10,023 8,636 9,121 9,689 9,729 9,981 9,466 
d Ke EEN 11,914 10,874 10,925 11,440 11,626 11,908 11,467 
Louisiana-Arkansas: | 
Louisiana Gulf Coast. ...............- 2,617 2,123 2,311 2,897 2,677 2,181 2,675 
Arkansas and Louisiana Inland 406 430 432 411 454 448 464 
Total- ͤĩ³¹¹ꝛ d — u 8,023 2,553 2,743 2,808 3,131 2,629 9,139 
ë ; — . ——— . ͤ— 
New Mexico 80 84 75 70 77 105 106 
Other Rocky Mountain %%% ͤ ĩ Te 470 425 420 418 434 433 463 
West Coast D THREE REESE 2,195 1,888 1,965 2,015 1,986 1,774 2,079 
Total United States 22,491 19,228 19,843 19,990 20,648 20,582 20,921 
Aug. Sept. Oct. Nov. Dec. Total 
East ett ³² —— Q——— 361 564 642 725 778 5,372 
Ap 'alachian % (8 11 16 10 16 12 208 
Indiana, Illinois, Kentucky, ete 1,738 1,733 2,086 2,179 2,260 21,830 
Minnesota, Wisconsin, North Dakota, and 
South Dakota. 249 846 388 452 463 8,365 
Oklahoma, Kansas, Missouri 1,667 1,722 1,966 1,840 2,021 19,886 
Texas: 
Inland- . e eee es 2,037 1,878 2,001 1,746 1,862 22,528 
Gulf Coat 10,124 10,712 10,011 10,612 10,044 118,148 
Tol sz. sapu, u 22255 s y usss 12,161 12,585 12,012 12,358 11,906 140,676 
Louisiana-Arkansas 
Louisiana Gulf Coat 2,868 2,518 2,737 2,884 8,475 81,458 
Arkansas and Louisiana Inland......... 465 384 455 485 481 5,315 
/// ĩoð”¹.wwAA ⁵⁰⁰ 8 8,383 2,897 3,192 8,369 8,956 86,778 
New Mexickc ooo 116 105 101 87 75 1,081 
Other Rocky Mountain..................- 462 431 505 497 525 5,488 
Went TEE 1,946 2,180 2,932 2,285 2,027 24,667 
Total United States. 22,044 22,079 23,234 23,808 24,028 259,336 
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Table 9.—Refinery input of LPG by product and PAD district 


(Thousand barrels) 
PAD District 
LPG product 
1 2 3 

1966 
p ß 2e :025 452; usen 648 
Butane... oc Ee 1,841 18,015 17,822 
Isobutane. .........................- 121 4,556 18,178 
Butane-propane mix.................-. -....- 1,885 798 
EE 1,962 19,463 87,441 

1967 
LN dell EE 838 
Bl eram res 2,040 13,858 14,628 
Isobutane. .......................... T9 4,800 20, 437 
Butane-propane mix..................  .....- „947 144 
d KB 2,119 20,610 86,047 

1968 
PIODBNe —————umamsdRecaweekmcuuvw 8 576 
Butlne- cc ho oe u... . ess 1,992 14,322 17,882 
Isobutane.. ke 92 4,775 20,418 
Butane-propane mik dd 1,792 85 
TOs cece ose . 2,084 20,892 38,910 
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Table 11.—Stocks of natural gas liquids and ethane in the United States 
(Thousand barrels) 


Natural gasoline Other finished 
LP gases and and isopentane products and 
ethane plant condensate Total Total 
Date — —  ——A — at plants atre- Grand 
At At At and fineries total 
plants At re- plants At re- plants At re- terminals 
and fineries and fineries and fineries 


terminals terminals terminals 

Dec. 31: 
19064. u. 28,708 904 2,362 1,996 1,354 354 32,424 3,254 35,678 
1965-2 8 29,416 587 3,116 1,629 952 166 38,484 2,382 35,866 
196666 34, 610 587 2,673 1,300 950 303 38,233 2,190 40, 423 
19 88 58, 685 555 2,669 2,077 15,615 141 62,969 2,773 65,742 

1968: | 
Jan. 31____ c2 49,460 503 2,614 1,982 1,454 - 141 53,528 2,626 56,154 
Feb. 28. 45,367 542 2,903 2,369 1,644 188 49,914. 3,099 ‘63,018 
Mar. 31............- 47,379 557 3,068 2,813 1,800 194 52,247 3,564 55,811 
Apr. 0 55,186 605 3,225 2,190 1,749 243 60,160 3,038 63,198 
May 111 63,233 691 3,178 1,767 1,988 249 68,399 2,707 71,106 
June 80............. 69,857 616 3,311 1,484 2,014 248 75,182 2,348 77, 530 
July 31.............. 15,438 598 2,974 2,055 2,094 283 80,506 2,886 83,392 
Aug. 31............- 80,757 597 2,990 1,947 2,306 211 86,053 2,755 88, 808 
Sept. 30. 86,057 534 2,786 1,781 £1,312 208 90,155 2,523 92,678 
Oct. 1 ees 84, 903 502 2,790 1,732 1,464 240 89,157 2,474 91,631 
Nov. 30. Ee 79,721 597 2,714 1,619 1,3890 192 83,825 2,408 86, 233 
Dec. Ba11w1w!U!3M!ů 171, 140 647 2,628 1,860 1,528 137 75,296 2,644 77, 940 


1 Includes 57,884 thousand barrels in underground storage. 


Table 12.—Values and volumes of natural gas liquids and ethane 
produced in the United States 


Dollars 
Thousand barrels Per- Thousand dollars Per- per Per- 
cent cent barrel cent 
—— change ———————— — change —————————- change 
1967 1968 1967 1968 1967 1968 
LP gases and ethane.... 326,618 351,262 +7.5 632,994 552,200 —12.8 1.94 1.57 —19.1 
Natural gasoline and | 
isopentane........... 139,294 147,874  --6.2 389,156 411,589 +5.8 2.79 2.78  —9.4 
Plant condensate....... 37,970 38,494 +1.4 119 ,943 115,175 —4.0 3.16 2.99 —5.4 
Finished gasoline and 
naphth as 7,312 6,684 —8.6 28,044 26,577 —5.2 3.84 3.98 438.6 
Other produets 3,262 5,997 +83.8 9,799 18,232 +86.1 3.00 3.04 4-1.3 


Total... 514,456 550,311 +7.0 1,179,936 1,123,773 —4.8 2.29 2.04 —10.9 
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Table 13.—Average monthly prices, liquefied petroleum gas (propane) 
in the United States! 


(Cents per gallon) 


Jan Feb. Mar Apr. May June July 
New York Harbor: 
Mee 9.21 9.25 9.25 9.25 9.25 9.10 8.75 
1968 1: ois k -r m ate dus 8.75 8.75 8.48 8.00 7.29 7.25 7.25 
Oklahoma: 
19617. cecus Llc ⁵ĩð ³ é uL cue EC 5.94 6.00 6.00 6.00 6.00 5.87 5.75 
Li DEE a EL e D 5.69 5.49 4.68 4.13 8.77 3.75 3.75 
Baton Rouge: 
LEE 6.19 6.25 6.25 6.25 6.25 6.25 6.25 
TOG Ge o te ] d Me LI 8 6.25 6.11 5.39 4.75 4.34 4.25 4.25 
Aug. Sept. Oct Nov. Dec Average 
for year 
New York Harbor: 
11é—Ü eee 8. 75 8.75 8.75 8.75 8.75 8.98 
1968-5. ie ß y ee mO e 7.25 7.25 7.25 7.25 7.25 7.67 
Oklahoma: 
P ee ee LO 5.57 5.75 5.75 5.75 5.73 5.86 
1968... 2: S vo su eut UE 8.75 3.75 8.75 3.75 4.05 4.19 
Baton Rouge: 
hy ³· te ele EE 6.25 6.25 6.25 6.25 6.25 6.24 
1968 GE EE 4.25 4.25 4.25 4.25 4.55 4.74 


1 Producers’ net contract prices (after some discounts and summer-fill allowances) for propane, tank cars/ 


transport trucks. 
Source: Platt’s Oil Price Handbook. 


Table 14.—LP gases exported from the United States, by countries 


(Thousand barrels and thousand dollars) 


1967 1968 
Country Butane- Butane- 
Butane Propane propane Total Butane Propane propane Total 
mixtures mixtures 

ArgentinnaKe. (2) 79 (2) 79 225 237 462 
MERE 6 PAD Lolli 48  (?) 54 (2) 54 
Belgium- Luxembourg (2) (2) 23 23 4 7 14 25 
Brazil 2-22 22422252 67 IL. 78 TT ` dee (2) 877 
Canada 229 22 112 363 277 17 116 410 
(...... ͤ ͤr.... ði - y x (3) 22 26 48 
France..................-..- ()  ...... (3) (2) (2) 114 (2) 114 
Guatemala.............- als rta (2) 27 27 8 11 14 
Japan. ul u L ul uo LS. 222 (0 . i 6 6 (9. zu 1 
Mexico. .................-.-- 427 766 6,358 7,551 245 731 6,701 7,677 

Netherlands (3) y ------ 2 29 (3) 3) ) 3) 
United Kingdom............- 177 847 1 1,025 1 1,343 1 1,845 

Ol oes ie cee 10 11 48 15 12 7 
Total. cens 911 1,777 6, 567 9,255 1,180 2,540 6,882 10,602 
Total value 33,626 $7,090 $21,466 $32,182 $3,825 $9,865 $19,298 $82,488 
r Revised. 


1 Data include LR gases. 
2 Less than Le unit. 
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Nickel 


By Gilbert L. DeHuff ! 


The supply of nickel remained tight 
in 1968 and the principal domestic sup- 
pliers were under Government order to set 
aside a percentage of their monthly ship- 
ments for defense-rated orders. The nickel 
available for general consumption was al- 
lotted to customers worldwide on the basis 
of past deliveries, and there were no re- 
leases from U.S. Government stocks other 
than some deliveries made on old contracts. 
As a result, some consumers— particularly 
electroplaters and foundries—were forced 
to buy at premium prices in order to meet 
their needs. Consumption decreased and 
producers attributed it in part to the scarce 
supply. Exploration and development of 
nickel deposits was energetically pursued 
throughout the world, while the existing 
large producers increased their output. 


Legislation and Government Programs.— 
As of December 31, 1968, the total nickel 
stockpile inventory was 70,684 short tons 
(69,304 tons in the national stockpile, plus 
1,380 tons of Defense Production Act 


stocks), compared with 73,828 tons at the 
end of 1967 (69,536 tons in the national 
stockpile, plus 4,292 tons of Defense Pro- 
duction Act stocks). There were no sales 
of Government nickel stocks in 1968, and 
the 3,144-ton difference in inventories 
represents the deliveries made on pre- 
viously existing contracts. The stockpile 
objective was unchanged at 20,000 tons. 

To assure a sufficient supply of nickel 
for defense needs, the Business and Defense 
Services Administration, Department of 
Commerce, in each of the last 9 months 
of the year, ordered the three principal 
U.S. suppliers—The International Nickel 
Co., Inc., The Hanna Mining Co., and 
Kaiser-Le Nickel Co.—to set aside 25 per- 
cent of their average monthly shipments, 
based on those made in the second half of 
1967, for defense-rated orders. This was 
an increase from the 23 percent set aside in 
February and March, and the 20 percent 
set aside in January, based on an earlier 
period. 


Table 1.—Salient nickel statistics 


(Short tons) 


1964 1965 1966 1967 1968 
United States: 
Mine produetion. ------------- 15,420 16,188 15,036 15,287 17,294 
Plant production: 
IIC AAA 12,185 13,510 13,237 14,615 15,154 
Secondary......... . . . ccc cesses 23,114 19,407 26,777 20,731 14,061 
EXBÓPRS....: 40222226. eos orate 68,502 20,93 26,887 31,587 88, 681 
Imports for consumption 129, 000 163, 000 141, 000 143, 000 147, 950 
Consumption 146, 920 172,084 187,838 178,798 159,306 
Stocks Dec. 31, consumer..............- 17,185 14,047 81,288 81,007 26, 534 
EI e tee 2 cents per pound 79 19-7734 7734-8514 8514-94 94-103 
World: Productioͤonnn 408,929 468,347 454,912 485,723 528, 563 


DOMESTIC PRODUCTION 


Domestic production of nickel ore con- 
sisted entirely of 1,217,906 dry short tons 
of lateritic ore from the Nickel Mountain 


open-pit mine of The Hanna Mining Co. at 
Riddle, Douglas County, Oreg. This ore 


1 Physical scientist, Division of Mineral Studies. 
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contained 17,294 tons of nickel, and was 
delivered to the nearby Hanna smelter 
which produced 25,835 tons of ferronickel, 
containing 13,124 tons of nickel. Copper 
and other metal refining plants recovered 
byproduct nickel as nickel sulfate, largely 
from materials of foreign origin. 

The International Nickel Co, Inc. 
(Inco), continued its exploratory work in 
the Duluth gabbro (see Technology) near 
Ely, Minn, with average nickel content 
proving less than expected in some areas. 
A deep shaft was sunk for the purpose of 
obtaining information to estimate probable 
mining costs and to obtain bulk samples 
for metallurgical testing. 

The Anaconda Company — that 
exploratory driling had disclosed large 
tonnages of nickel-copper values in the 
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Stillwater district near Nye, Mont. The 
favorable mineralization, nickel dominant 
with copper subordinate, lies close to the 
surface within a 12-mile strike length along 
the Stillwater igneous complex. Open-pit 
mining can be employed. Combined nickel- 
copper values were said to be the equivalent 
of approximately 1 percent copper ore, and 
good recoveries of both nickel and copper 
were obtained in metallurgical tests. Four 
diamond drills, together with bulldozers, 
were engaged in the program. 

Basic Inc., Cleveland, Ohio, was in. 
vestigating a nickel-copper-cobalt sulfide 
deposit in Maine. The company reported 
that concentrates of commercial grade were 
obtained from pilot plant tests. Further 
investigation was needed to determine the 
size of the ore body and to estimate costs. 


Table 2.—Primary nickel produced in the United States 


(Short tons, nickel content) 


Byproduct of metal refining...................... 
Dore ccc . . . . ..... ee 


1968 


1964 1965 1966 1967 
949 844 1,006 1.579 2,080 
11,286 12,666 12.281 13.086 18.194 


Table 3.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 
Kind of scrap 1967 1968 Form of recovery 1967 1968 

New scrap As metall!!ll!l 2,893 1,165 

N ickel base EE 1,457 1,788 In nickel base alloys............ 2,688 2,006 

Copper- Dbase ; 2,828 In copper-base alloy s 7,810 6,217 

Aluminum-Dese 5 540 600 In aluminum- base alloys. ....... 88 1, 050 

In I and high-temperature 

//» 8,831 5, 161 alloys la... cese . . . ....- 6,019 4,172 

In l compounds 986 451 

N 11,260 7,802 EEN 20,781 14,061 
Copper- base 840 748 
Aluminum- base 300 350 
o sce A 12,400 8, 900 
Grand total. 20,781 14,061 


1 Includes only nonferrous nickel scrap added to ferrous and high-temperature alloys. 


CONSUMPTION AND USES 


U.S. consumption of nickel, exclusive of 
scrap, decreased in 1968, with the greatest 
tonnage drop occurring in the use for stain- 
less steels. The American Iron and Steel 
Institute’s production figures for 1967 and 
1968 showed that not only did the output 
of stainless steels with high nickel content 


decrease, but total output of nickel-bearing 
stainless decreased as well. This was coupled 
with a 28-percent increase in production 
of the 200 series—those stainless steels in 
which manganese substitutes for much of 
the nickel that would otherwise be required. 
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Table 4.—Stocks and consumption of new and old nickel scrap in the United States in 1968 
(Gross weight, short tons) 


Class of consumer Stocks Consumption Stocks, 
and beginning Receipts ————————————————————- end of 
type of scrap of year New Old Total year 
Smelters and refiners: 

Unalloyed nickel 109 1,594 1,228 367 1,595 108 
Monel metal..................- 429 2,014 344 1,592 1,936 507 
Nickel silver III. 966 5,089 715 4, 678 5,398 662 
Miscellaneous nickel alloys. ..... 6 5,093 106 4,993 5,099 ........ 
Nickel residues... . 75 22 aas 176 176 21 


/§ô§Ü%O—aee%e9ͤũů ee 619 8,823 1,678 7,128 8,806 636 
Foundries and plants of other manu- 


facturers: 
Unalloyed nickel 152 5,058 59 4,751 4,816 894 
Monel metal..................- 19 225 78 156 284 10 
Nickel silver .. 9,528 9,929 12,243 150 12,898 7,059 
Miscellaneous nickel alloy sss «%u! ⅛ x „„ 
Nickel residues. 345 587 278 319 597 835 


Dll pucyu usa 516 5,870 415 5,232 5,647 799 
Grand total: 


Unalloyed nickel 261 6,652 1,287 5,124 6,411 502 
Monel metal ......----------- 448 2,239 422 1,748 2,170 517 
Nickel silver 1____ 2- -------- 10,489 15,018 12,958 4,828 17,786 7,721 
Miscellaneous nickel alloys. ..... 6 5,093 106 4,993 5,099 sss scs 
Nickel residues 420 709 278 495 718 356 

/ AAA 1,185 14,693 2,093 12,360 14,453 1,375 


! Excluded from totals because it is copper-base scrap, although containing considerable nickel. 


Table 5.—Nickel (exclusive of scrap) consumed in the United States, by form 


(Short tons) 

Form 1964 1965 1966 1967 ! 1968 ! 
let 128 , 443 146 ,857 132,573 124,639 115,839 
Ferne ⁵ ⁵ ⁵ Ee doc oeuae 29, 674 25,228 15, 170 
EPA powder and oxide sinter- ........... 21 die? 23 es 22,845 19,349 24,962 

Eesen MEN. ſl) Ae eet we MN 
e EE 2,385 2,677 2,741 4,582 8,985 
MM ³¹—w ga ³ (é s us 146, 920 172,084 187,883 173,798 159,306 


1 Metallic nickel and nickel salts consumed by plating industry are estimated. 
* Figures do not cover all consumers for 1964 through 1966. 


Table 6.—Nickel (exclusive of scrap) consumed in the United States, by use 


(Short tons) 
Use 1964 1965 1966 1967 1 1968 ! 
Alloy steels: 
E EE ! 24,679 27,009 27, 807 { éi m e pt 
PPP» »» ‚ enm m me wu mS m seen ee , , 
ros SSS e dencesu ma cuu. 6,605 6,937 7,286 6,596 6,822 
Copper-base alloys: 
EEN (including coinage ) } FC 2 9,987 $ 585 1, 370 
a8)a:d k 7 , 
petal 5 alloys 2 16,291 18,464 5,423 4,811 8,886 
ectroplating: 
Anodes E GE 19,446 19,450 18,828 28 , 721 21,911 
N; onions EE 1,645 2,087 1,925 4,041 8,522 
ckel alloys: 
Wrought..z2.222222422 2 s4demnaaet cae | 23,639 87,082 247,366 { 88,992 94,814 
WT EE 4,217 7,271 
8 V mg cpi ue 664 828 807 896 748 
inless and heat-resisting s : ' 
Wrought........... - SE ER Te eee ge ) 48,801 51,700 65,910 { 88,882 29,083 
B80 22. 2 2.254 LLL QD E EE 14,054 15,775 
BI IEN 6,650 8,577 7,544 6,019 8,319 


.1 Metallic nickel and nickel salts consumed ELM the plating industry are estimated. 
2 Copper-base and nickel alloys formerly published together as nonferrous. 

3 Before 1966, included high temperature alloy; thereafter shown under nickel alloy. 
Includes metallic nickel used in baskets. 

s Catalysts, ceramics, chemicals (other than electroplating), iron-nickel alloys. 
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Table 7.—Consumer stocks of nickel (exclusive of scrap) in the United States, by form 


(Short tons) 
Form 1966 1967 * 1968 

uUIIY —————— ———— — — ——— 20,963 24,883 19,296 
Ferres; wh y 5, 819 2,462 2,513 
xide powder and oxide s intern 4,118 3,759 4,400 
Ü ¹⁵⁰Ü ³ A ͤ d ³ Add 38 403 325 
M/ ³·o⁰/ͥͥͥͥbſi˖-wiſſſſ C 31,288 81,007 26, 584 

® Revised 

PRICES 


The producer price for nickel cathodes 
was increased 9 cents at the end of De- 
cember to $1.03 per pound, f.o.b. shipping 
point, having remained at 94 cents per 
pound since the last quarter of 1967. The 
Hanna Mining Co. followed this action by 
increasing its price for ferronickel the same 
amount to $1.005 per pound of contained 
nickel, f.o.b. shipping point. Other primary 


FOREIGN 


The bulk of nickel imports continued to 
come from Canada. Of the ferronickel 
imported into the United States in 1968, 
totaling 10,558 short tons, 8,718 tons came 
from New Caledonia, 1,034 tons from 
Greece, 588 tons from the Dominican 
Republic, and the remainder from Aus- 
tralia, the Republic of South Africa, the 
United Kingdom, and Canada, in decreas- 
ing order of magnitude. In 1967, all of 
the imported ferronickel was from New 
Caledonia, except for small quantities of 
less than 6 tons each from the Domician 
Republic, the United Kingdom, and West 


nickel producers made similar increases in 
the prices of their principal products. 
Metals Week continued to quote prices for 
merchants', or dealer, cathodes at $1.95 to 
$2.05 per pound, delivered, into April. 
These quotes then dropped until they 
reached $1.55 to $1.65 in September, in- 


creasing to $1.65-$1.75 in the middle of 
December. 


TRADE 


Germany. In 1966 Canada supplied 41 
tons and the United Kingdom 1 ton, with 
all of the large remainder from New 
Caledonia. 

Effective June 7, 1968, under the pro- 
visions of the Cuban Assets Control Regula- 
tions (31 CFR Part 515), the Office 
of Foreign Assets Control, Department of 
the Treasury, prohibited entry of certain 
nickel-bearing materials from Italy unless 
certified by the Italian Government to con- 


. tàin no Cuban nickel. Stainless steel rods 


and bars were the principal items affected. 


Table 8.—U.S. exports of nickel and nickel alloy products, by class 


1966 1967 1968 
Class 

Short Value Short Value Short Value 

tons (thousands) tons (thousands) tons (thousands) 
pawrongnt JJ d EC LL 11,456 $17,592 7,458 $14,847 6,498 $14,211 
Bars, , angles, shapes, and sections.. 2,828 8,689 2,595 8,697 2,880 7,271 
Plates, sheets, and strip..............- ,104 5,718 1,997 9,292 2,808 9,784 
Ach.... .. . . . cece ce 194 403 282 558 107 826 
WIP8: Sp 88 475 2,208 565 2,580 624 2,652 
Powder and fakes 0- -2-0 884 1,376 538 2,144 837 1,598 
)))) Pe ede E ees 18 71 6 26 51 92 
Catalysts-.. - 135 6,589 3,441 9,887 8,840 7 ,299 

Tubes, pipes, blanks, and fittings there- 

for, and hollow bere. 972 8,214 823 8,417 774 8,646 
and scrap..................---- 5,876 6,229 13,892 20,331 16,762 24,788 
„ Sees ose cece es 26 , 887 §2 ,084 81,687 70,729 88,681 71,678 
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Table 9.—U.S. imports for consumption of nickel products, by class 


1966 1967 1968 
Class 
Short Value Short Value Short Value 
tons (thousands) tons thousands) tons (thousands) 
ONO 0 „ 211 e. iesu 
Unwrought..._..........__...- 112,886 170,806 118,860 $198,848 108,158 201,812 
Oxide and oxide sinter.......... 7,711 7,967 20 8,13 6,388 ,911 
Slurry 222ʒꝶ cL c ss. 20,400 26,359 1 22,984 89,892 85,099 68,674 
Bars, plates, sheets r 180 51 r 172 586 245 66 
and wire 840 1,140 428 1,485 892 1,287 
Shapes, sections, and angles 1 1 d] nulia. seecooues 
Pipes, tubes, and fittings. ....... 14 43 107 442 146 627 
Powder 4,128 7,195 8,716 7,819 2,986 6,106 
2. eo od seco C DOE 18 28 () (1) 58 10 
Waste and scrap... z 941 709 1,104 1,240 1,969 2,564 
Ferronickel...................- 11,898 4,519 9,020 3,482 10, 558 5,461 
Total (gross weight) r 158,462 219,808 157, 600 256,325 165,986 290,722 
Nickel content (estimated). ..... 141,000 XX 143,000 XX 147 ,950 XX 
* Revised XX Not applicable. 


t Less than Lé unit. 


2 Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


Table 10.—U.S. imports for consumption of new nickel products, by country 


(Short tons) 
Metal Oxide and Slurry and other 3 
oxide sinter 
Country 1967 1968 1967 1968 1967 1968 

(Gross (Gross (Gross (Gross —— —ͥ — 
weight) weight) weight) weight) Gross Nickel Gross Nickel 
weight content weight content 
Canada........................- 104,157 297,101 6,208 6,888 19,899 16,594 31,921 26,3868 
Fun!... cere e III) Sosa Wave. EE 
La T EE 66 88- 221-2 1 Ä mI 
Germany, Wes nee 53 1 ³ĩ˙AmAAu ĩ K ( 8 
Netherlands s 85 ^y METEE r 22 J amisi 
(Ta A EE 8.516: 9 -DIS d ee eet Nee 
South Africa, Republic off 2 227272 ĩ ͤ K 3,068 1,418 3,178 1,448 
Sweden 11 PIG: o 2c wsetes ³ A (v 8 
USER. yd 176 /// assan. Unesi v edu ¿uz S 
United Kingdom ...-.-.---------- 398 681 (3) JT... ͤ ( eo 
Other countries JJ ͤ ò.ͤA XXXIX. 8 
NEEN 118,860 108,158 6,208  À6,888722,984718,011 35,099 27,806 


t Revised. 
1 Ore: 1967, no transactions; 1968, 42 short tons from Japan. 


2 Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


unit. 


WORLD 


Australia.—Western Mining Corp. was 
the only nickel producer, but many min- 
ing organizations, including that company, 
pursued exploratory and developmental 
activities. Western Mining's reserves in the 
Kambalda-St. Ives area, south of Kalgoorlie, 
Western Australia, were increased to 14.3 
million tons of ore, averaging 3.4 percent 
nickel. The company started construction 


REVIEW 


of a $33 million refinery on the coast at 
Kwinana, Western Australia, licensed to 
use Sherritt Gordon's ammonia leach proc- 
ess. Plans called for its completion in 1970, 
with an annual production capacity of 
approximately 20,000 tons. In the mean- 
time, Kambalda sulfide concentrates will 
continue to be treated in Sheritt Gordon's 
Fort Saskatchewan, Canada, refinery, and 
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5,000 tons per year of nickel in concentrate 
will be shipped to Japan. As a separate 
venture, Western Mining Corp. and Sher- 
ritt Gordon Mines Ltd. joined forces to 
explore a large lateritic deposit north of 
Kalgoorlie. 

Also north of Kalgoorlie, shaft sinking 
was started at the Scotia sulfide mine of 
Great Boulder Gold Mines Ltd. and North 
Kalgurli (1912) Ltd., where reserves of 
1.25 million tons of sulfide ore were re- 
ported to average 3.07 percent nickel and 
0.25 percent copper. Annual nickel pro- 
duction of 3,500 to 4,000 tons is envisaged 
when production begins about August 1969. 

The Nepean prospect of Metals Explora- 
tion Ltd. and Freeport Sulfur Co., south 
of Coolgardie, with 400,000 to 500,000 
tons of nickel sulfide ore containing more 
than 4 percent nickel to a depth of 800 
to 900 feet, was expected to develop into 
Australia's third producing mine by mid- 
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1969. On the other side of Australia, the 
Metals Exploration-Freeport Sulfur com- 
bination was studying the possibility of 
developing the Greenvale lateritic deposits 
in a remote area of northern Queensland. 
Exploratory drilling on a 500-foot grid 
indicated 45 million tons of ore reserves, 
averaging 1.55 percent nickel and 0.11 per- 
cent cobalt. 

In the Blackstone Range, near the point 
where Western Australia, South Australia, 
and the Northern Territory meet, South- 
western Mining Ltd., a subsidiary of The 
International Nickel Co. of Canada Ltd. 
(Inco), estimated that the Wingellina 
lateritic deposits contained 60 million tons 
of ore, averaging 1.32 percent nickel. Inco, 
in partnership with Broken Hill Proprie- 
tary Co., Ltd. (BHP), also investigated 
lateritic deposits in the Marlborough re- 
gion of Queensland, as well as sulfides in 
the area of Kalgoorlie, Western Australia. 


Table 11.—World production of nickel, by countries 


(Short tons) 
Country ! 1964 1965 1966 1967 1968 p 
North America: 
8 f aded de e Qut 8 228,496 267,808 r 238,598 246 ,954 268 , 648 
uba: 
Content of oxide 16,200 20,200 17,500 12•670 ° 80,000 
Estimated content of sulfide. . .... 8,500 9,900 11,100 12,670 
United States: | 
Byproduct of copper refining...... 949 1,006 1,579 2,080 
Nickel recovered from domestic ore. 11,236 12,666 12,281 18,036 13,124 
South America: 
Brazil (content of ferronickel) ......... * 1,100 1,228 e 1,525 * 1,180 * 1,185 . 
Europe: 
nland: 
Content of nickel sulf ate 162 180 204 176 195 
Content of concentrates. ......... 8,532 8,295 8,254 8,812 8,556 
Poland (content of ore).............. 1,328 1,214 * 1,400 e 1,650 * 1,650 
n U.S.S.R. (content of ore) ..........- 80,000 90,000 95,000 105,000 105,000 
rica: 
Morocco (content of cobalt ore) ..... 870 897 480 410 NA 
Rhodesia, Southern (content of ore) 178 e 770 e770 e 770 NA 
South Africa, Republic of (content of | 
"T matte and refined nickel) 2 2,700 8,800 6,000 6,000 6,500 
a: | 
Burma (content of speiss) )) 78 e 56 e 76 e 3 30 3 22 
Indonesia (content of ore): r 1,850 r 8,985 r 4, 885 5,642 8,663 
Korea, South (content of ore) hh EE NA 
ceania: 
Australia (content of concentrate ......--.. .--.-......-. 2,808 5,077 


New Caledonia (recoverable) /... | 52,285 58,054 61,484 67,856 88,018 
Total Ee r 408,929 * 468,847 * 454,912 485, 728 528, 568 
* Estimate. P Preliminary. r Revised. NA Not available. 


1 Nickel is also produced in Albania and East Germany, 


but production data are not available. 


2 Refined nickel and content of oxides and salts produced, plus recoverable nickel in matte and concentrates 


ported. 
3 Fiscal year October through September. Figures are for first 9 months of year noted and 8 months of previous 


year. 
* Nickel-cobalt content of metallurgical plant products plus recoverable nickel-cobalt in exported ores. 


5 Total is of listed figures only. 


NICKEL 


The Anaconda (Australia)-Conzinc Rio 
Tinto (Australia)-New Broken Hill Con- 
solidated partnership reported that drilling 
and trenching in the Widgiemooltha area of 
Western Australia, near Higginsville, had 
exposed ore in a strike length of 1,000 
feet. Core obtained from three drill holes 
over widths of 4 to 11 feet was assayed at 
an average of 4 to 11 percent nickel. Plans 
for underground development were being 
considered. At Lake Lefroy, also in the 
Widgiemooltha area, the partnership made 
three other discoveries of high-grade nickel 
sulfides. 


Canada.—Inco announced at midyear 
that construction was to start immediately 
on an $85 million refinery at Copper Cliff, 
Ontario. It is expected that upon comple- 
tion of construction in 1971 the plant will 
have an annual production capacity of 125 
million pounds of nickel products. The 
company’s newly developed Inco pressure 
carbonyl (IPC) process for treating sulfide 
concentrates and metallurgical intermedi- 
ates (see Technology) will be employed. 
The development of five new mines in the 
Sudbury district of Ontario, another at 
Shebandowan in northwestern Ontario, and 
three new mines in northern Manitoba, 
together with the new refinery and expan- 
sion at currently operating mines, will 
bring the company’s total Canadian nickel- 
production capacity to 600 million pounds 
per year by the end of 1971. 


Falconbridge Nickel Mines Ltd. was in 
production by September at its new Strath- 
cona mine and mill, its largest mine and 
treatment complex to date. Expectations 
were that full production would be reached 
in the second quarter of 1969. The adjoin- 
ing, smaller, Longvack South mine started 
to produce in June and reached capacity 
in October. Ground was broken in the 
Sudbury Basin for a new $35 million iron- 
ore concentrator that will annually treat 
500,000 tons of nickeliferous pyrrhotite per 
year to produce 300,000 tons of iron-nickel 
pellets containing approximately 90 percent 
iron and 1.5 percent nickel. The pellets, 
which will be marketed in late 1969, 
reportedly possess technical and economic 
advantages for alloy and stainless steel 
production. A plant being built alongside 
by Allied Chemical Canada, Ltd., will 
recover almost all the sulfur (as elemental 
sulfur) from the roaster gases. Bulk ship- 
ment of matte from the Falconbridge 
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smelter was successfully introduced in 
October by means of rail to Quebec City 
and thence by specially built cargo ship 
to the refinery at Kristiansand, Norway. 
The matte previously was shipped in drums. 

Sherritt Gordon Mines Ltd. built a $2 
million pilot plant at Fort Saskatchewan, 
Alberta, for hydrometallurgical treatment 
of 25 tons per day of laterite ore after 
samples from various parts of the world 
had been found by laboratory testing to be 
amenable to treatment by the company's 
process. In addition, a process was devel- 
oped and placed in use for the treatment of 
an intermediate product obtained from 
nickel and cobalt scrap. The company's 
roling mill and mint at the Fort Sas- 
katchewan plant responded to large orders 
for nickel strip, coinage blanks, and finished 
coins. 

Inco’s nickel deliveries in 1968 totaled 
480,840,000 pounds of nickel in all forms, 
compared with 463,450,000 pounds in 
1967. As in previous years, this figure 
includes nickel purchased from various 
sources and sold to customers on a no-profit 
basis, but the quantity decreased consider- 
ably in 1968. Falconbridge nickel deliveries 
were 70,712,000 pounds in 1968, compared 
with 74,754,000 pounds in 1967. The 
difference between the two yearly totals 
is accounted for largely by 1967 shipments 
of nickel purchased from the U.S. Govern- 
ment stockpile and sold on a no-profit basis. 
Company-produced nickel deliveries in 
1968 were slightly more than in 1967. 
Nickel production by Sherritt Gordon in 
1968 totaled 29,598,392 pounds, of which 
3,919,847 pounds was produced on a toll 
or custom basis. The respective 1967 figures 
were 25,079,525 pounds and 2,855,353 
pounds. 


Colombia.—In continued investigation of 
the Cerro Matoso lateritic nickel deposits, 
The Hanna Mining Co., in a joint venture 
with Standard Oil Co. of California through 
its wholly-owned subsidiary, Chevron Petro- 
leum Company of Colombia, analyzed 
samples from some 500 exploratory drill 
holes and tested them with favorable re- 
sults for amenability to production of ferro- 
nickel. Negotiations were conducted with 
the Colombian Government for develop- 
ment of the deposits, located near the town 
of Monte Libano in the Department of 
Cordoba some 200 miles south of Cartagena 
and not far from the boundary with the 
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Department of Antioquia. The basic design 
for a treatment process was completed and 
ready for testing in a pilot plant. A com- 
mercial plant capable of annually produc- 
ing 25 million pounds of nickel contained 
in ferronickel was envisaged. 


Cuba.— Both the Nicaro and Moa Bay 
hydrometallurgical nickel plants in Oriente 
Province were operated by the Cuban 
Government, which exported the product 
to East European countries and to France. 
Plant expansion and assistance from the 
U.S.S.R., Czechoslovakia, and Poland were 
credited for an increase in production at 
Moa Bay. This is the former Freeport 
Nickel Co. facility, now designated as the 
Pedro Soto Alba plant. The Nicaro plant 
is now called the Major René Ramos 
Latour Works. 


Dominican Republic. Considerable prog- 
ress was reported by Falconbridge on the 
technical and financial aspects of its later- 
ite project. Planned production capacity 
was increased to at least 60 million pounds 
of nickel per year contained in ferronickel, 
and the prospective costs were increased 
to $180 million. Operation of the pilot 
plant stopped in August, but drilling to 
better define the deposits continued. Drill- 
ing for foundations at the plant site was 
well advanced by yearend, and bids were 
invited in December for a general con- 
struction contract. Expectations were that 
the plant would be operating by the end 
of 1971. 


Indonesia.—A contract was signed July 
27, 1968, between the Indonesian Govern- 
ment and P.T. International Nickel Indo- 
nesia, an affiliate of Inco, for exploration 
and, contingent on favorable results, for 
development of lateritic nickel deposits in 
a 25,000-square-mile concession on the 
island of Sulawesi. Taylor-Woodrow Inter- 
national Limited was chosen by Inco to 
assist in the exploration. Indonesia's exist- 
ing nickel producer, the Pomalaa mine, is 
also located on Sulawesi. The product is 
taken to Japan by the Sulawesi Nickel 
Development Co. (Sunideco), owned by 
three Japanese nickel-smelting companies. 

Negotiations between the Indonesian 
Government and two other groups inter- 
ested in nickel exploration approached the 
final stages. Exclusive exploration and pro- 
duction rights for nickel on Waigeo Island 
and in the Cyclops Mountains area of 
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West Irian were being considered for 
Pacific Nikkel, a consortium in which 
United States Steel Corp. had a 43-percent 
interest, with the remaining ownership 
divided among Newmont Mining Corp., 
Sherritt Gordon Mines Ltd., and two 
Dutch firms, Hoogovens, and William H. 
Miiller and Co. After making an explora- 
tory survey, four Japanese nickel-smelting 
firms, Sumitomo Metal Mining, Nippon 
Mining Ltd., Nippon Yakin Kogyo Co., 
and Pacific (Taiheiyo) Nickel (a sub- 
sidiary of Mitsubishi and not to be con- 
fused with Pacific Nikkel), were negotiating 
for nickel rights on Halmahera and nearby 
islands. 


New Caledonia. Expansion plans of 
Société Le Nickel covering the next 3 
years will result in an increase of annual 
production capacity from the current 84 
million pounds to 143 million pounds. This 
will entail the opening of a new mine at 
Nepoui on the west coast, the installation 
of additional electric furnaces at the 
Doniambo smelter, include provisions for 
three new 35,000-kw power stations, the 
enlargement of port facilities, and the 
improvement of ore-handling equipment. 
The particular Le Nickel subsidiary in 
which Kaiser Aluminum and Chemical 
Corp. has an interest will participate in the 
financing. By 1980, it is expected that 
Le Nickel’s annual production capacity 
will exceed 400 million pounds. The com- 
pany has obtained exclusive rights in New 
Caledonia to Sherritt Gordon's hydro- 
metallurgical process for producing a high 
grade product from laterites. 

Plans proceeded for the formation of 
Cie. Francaise Industrielle et Miniere du 
Pacific (Cofimpac), with Inco having a 
40-percent interest and various French 
groups, including the Bureau de Recherches 
Géologiques et Minieres (BRGM), the 
remaining 60 percent. When organization 
is complete, Cofimpac will proceed with 
development and exploitation of low-grade 
laterite deposits in the southern part of 
New Caledonia. In the meantime, explora- 
tory drilling of these deposits continued. 

Patino Mining Corporation of Canada 
continued its investigation of lateritic de- 
posits, principally in the vicinity of Poum 
in the northern part of the island. Metal- 
lurgical testing and feasibility studies were 
reported to be encouraging, and explora- 
tory drilling was accelerated. 


NICKEL 


Philippines.—Marinduque Mining and 
Industrial Corp. was granted the rights to 
develop the lateritic nickel ores on the 
Surigao Mineral Reservation, Nonoc Island, 
and the Philippine Government approved 
construction of a plant which will produce 
50 million pounds of nickel, plus 3.54 
million pounds of cobalt in mixed sulfide 
concentrates, per year. If preliminary 
studies are favorable for commercial pro- 
duction, the mine and refinery must be in 
operation by July 1973, according to the 
agreement. Marinduque has 31 months 
from July 3, 1968, in which to determine 
whether to proceed with the necessary 
expenditures. The company also reached 
an agreement with Sherritt Gordon Mines 
Ltd., which provides for the use of its 
hydrometallurgical process, for technical 
personnel, and for advice on management 
and operation of the plant during a 25-year 
period. In October, 10,000 tons of ore was 
shipped to the Sherritt Gordon pilot plant 
at Fort Saskatchewan, Canada. It was ex- 
pected that pilot plant testing would be 
completed by the end of 1969. Nanyo 
Bussan Trading Co., Tokyo, Japanese sales’ 
agent for the company, agreed to provide 
two-thirds of the estimated $75 million 
capital cost. The Philippine Government 
will provide approximately $7.5 million 
of the cost through the purchase of 
Marinduque convertible debentures. 
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South Africa, Republic of.— Early in the 
year, Union Corp. Ltd. signed a licensing 
agreement with Sherritt Gordon Mines for 
the use of Sherritt’s hydrometallurgical 
process. The process will be used for nickel 
recovery in a special section of a new 
platinum refinery, presently under con- 
struction. The refinery was expected to be 
in operation by the end of 1969. 


U.S.S.R.—Nickel was produced at three 
locations: Norilsk in western Siberia, where 
approximately 100 million pounds of nickel 
annually comes from sulfide ores; the 
Pechanga-Monchegorsk area of Kola Penin- 
sula, with annual nickel production of 
approximately 50 million pounds, also from 
sulfides; and the southern Urals, where the 
country's only commercial lateritic deposits 
yield approximately 25 million pounds of 
nickel. 


United Kingdom. — International Nickel 
Ltd. announced a $10 million moderniza- 
tion project for its refinery at Clydach, 
Wales, where high-purity nickel pellets, 
nickel powders, and nickel and cobalt 
salts are produced using the nickel carbonyl 
process. The production capacity of hydro- 
gen and carbon monoxide, used in the 
refining process, will be increased, and a 
second rotary kiln line installed. When the 
project is completed in late 1970, the 
long- used, multihearth plant will have been 
completely replaced. 


TECHNOLOGY 


The new refinery of Inco under construc- 
tion at Copper Cliff, Ontario, will feature 
significant departures from the metallurgy 
normally employed for the recovery of 
nickel. Two 50-ton, top-blown, rotary con- 
verters, such as those employed in the 
Kaldo basic oxygen steel process, will be 
combined with the Inco pressure carbonyl 
(IPC) process to produce annually 100 
million pounds of nickel pellets, 20 million 
pounds of nickel powder, and 5 million 
pounds of iron-nickel powder. Copper, 
cobalt, precious metals, and sulfur will 
also be recovered. Direct conversion of 
nickel sulfide to metal will be accomplished 
in the converters by blowing with oxygen a 
controlled combination (analyzing approxi- 
mately 62 percent nickel, 14 percent copper, 
and 20 percent sulfur) of sulfide concen- 
trates, precious-metal-bearing metallurgical 


intermediates, and refinery residues to 
produce a melt containing about 4 percent 
sulfur. This is the quantity of sulfur 
deemed best for the catalytic action needed 
to accelerate formation of nickel carbonyl 
in the following carbonylation step. The 
molten metal, termed “fire-refined nickel" 
or "oxygen nickel," will then be transferred 
to an induction-heated holding furnace 
where it will be held at 1,600? C before 
it is quenched to granules of appropriate 
size for carbonylation. After drying, the 
granulated metal will be transferred to the 
IPC plant, where it will be fed to three 
rotating, 150-ton capacity, carbon-steel 
pressure reactors. Upon pressurizing with 
carbon monoxide up to 70 atmospheres 


? Mining Engineering. Nickel. V. 20, No. 10, 
October 1968, pp. 69-116. 


778 


and heating to 180° C, a mixture of nickel 
and iron carbonyls will be formed in 
exothermic reaction as a gas containing 
more than 95 percent of the nickel. The 
carbonyl mixture will be liquefied by a 
brine-cooled condenser, from which the 
liquid will be pumped to a fractional dis- 
tillation column for separation into nickel 
carbonyl vapor of high purity and an iron- 
rich carbonyl liquor having nickel-to-iron 
ratios of as much as 30:70. Upon heating 
the carbonyls in the respective decom- 
posers, the final nickel pellets, nickel pow- 
der, and iron-nickel powder products will 
be obtained, together with carbon monoxide 
for recycling. The residue from carbonyla- 


tion will be pumped to the hydrometal- 


lurgical plant for recovery of electrolytic 
copper, cobalt powder, sulfur, and a residue 
to be treated elsewhere for recovery of 
precious metals. 

The process will be capable of efficiently 
treating a wide variety of nickeliferous 
materials containing iron, cobalt, and cop- 
per, with recovery of all of these elements. 
Effective safeguards will counter the toxic 
hazards accompanying the carbonyls. 

The more promising copper-nickel oc- 
currences in the Duluth gabbro of Minne- 
sota, as observed to date, lie near the base 
of this complex of multiple basic intrusions 
of Keweenawan age. The complex is ex- 
posed in an arc extending some 150 miles 
northeasterly from Duluth to just below 
the Canadian border in Cook County. 
Maximum width of the exposure is approxi- 
mately 20 miles, and the dip is south- 
easterly. Thickness is unknown, but has 
been estimated to be several thousand feet. 
Gabbroic anorthosite is believed to account 
for approximately 60 percent of the com- 
plex, with the remainder consisting mostly 
of troctolite (an olivine-rich gabbro, which 
here has intruded into the anorthosite) 
and granophyre. 

In one of the more promising areas under 
exploration by Inco, the South Kawishiwi 
River area near the line between Lake 
and St. Louis counties, copper-nickel min- 
eralization of varying sulfide concentration 
occurs in troctolite as lenses or tabular 
bodies, as well as disseminated sulfides in 
the surrounding rock. The dominant ore 
minerals are chalcopyrite, cubanite, pyr- 
rhotite, pentlandite, and locally bornite. 
Magnetite and ilmenite are common acces- 
sory minerals, and sphalerite occurs locally. 
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Nickel values are carried almost entirely 
by the pentlandite. Combined copper-nickel 
content is less than 1 percent in a ratio 
of about 3-to-1. Ore-dressing tests on a 
bulk sample from a test pit indicated that a 
grind of approximately 270 mesh was re- 
quired to separate the copper-iron sulfides 
from the nickel-iron sulfides, although a 
100-mesh grind freed most of these min- 
erals from the host rock. Nickel recoveries 
ranged from 50 to 85 percent; copper 
recoveries, from 90 to 95 percent.‘ 

The ore deposit of the Marbridge No. 2 
mine of Falconbridge Nickel Mines Ltd. 
and Marchant Mining Co. Ltd. in the 
Malartic mining district of Quebec, Canada, 
is a steep-dipping, small sulfide body with 
a high content of millerite (NiS). This 
mineral has accounted for 60 percent of 
the nickel produced. Pyrite, pentlandite, 
violarite (another nickel sulfide), and 
minor chalcopyrite, are other sulfides mak- 
ing up the ore, which consists of three 
types: Massive vein sulfides with silicate 
inclusions, disseminated sulfides in meta- 
morphosed  ultrabasics  (peridotite and 
pyroxenite), and disseminated sulfides in 
metamorphosed sediments (gneiss or gray- 
wacke). The second type has provided most 
of the mill feed, while the third type has 
been the source of only a small portion of 
the nickel.“ 

Development of a ramp-mining system at 
Inco's Creighton mine in the Sudbury dis- 
trict of Ontario, Canada, together with 
processing improvements, has made it possi- 
ble to mine previously unrecoverable, low- 
grade ores. Upon completion, scheduled 
for the end of the year, 16-foot-wide ramps 
on a 20-percent grade will connect each 
level from the surface to a depth of 1,875 
feet. Every 30 feet, a cut will be made 
through slusher drifts to the boxholes, from 
which the ore will be drawn and carried 
to the ore pass by diesel-operated load- 
haul-dumpers. 


® Queneau, Paul C. E. O'Neill, A. Illis, and 
J. 8 arner. Some Novel Aspects of the 
Pyrometallurgy and Vapometallurgy of Nickel. 
Paper presented at annual meeting, American 
Inst. of Mining, Metallurgical and Petroleum 
Engineers, Washington, D.C., Feb. 17, 1969. 

4Sims, P. K. Copper and Nickel Developments 
in Minnesota. Min. Cong. J. v. 54, No. 8, 
March 1968, pp. 29-34. 

5 Buchan, R., and J. H. Blowes. Geology and 
Mineralogy of a Millerite Nickel Ore Deposit. 
Canadian Min. and Met. Bull., v. 61, No. 672, 
April 1968, pp. 529—534. 

9 Nickel Topics. Be Mining" for Nickel. 
V. 21, No. 6, 1968, p. 8. 
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Patent applications were filed by Re- 
public Steel Corp. for its HSO-HTCP 
(Hydrothermal Sulfidization Oxidation— 
High Temperature Cementation in Pulp) 
process.’ Developed in the laboratory of 
the Colorado School of Mines Research 
Foundation, the process is designed to 
recover nickel from oxidized ores, includ- 
ing the two major types—the iron-rich 
laterites and the magnesium-rich soft sili- 
cates. A fine slurry of ore mixed with ele- 
mental sulfur is autoclaved at temperatures 
of 230° to 240° C and pressures of 380 to 
480 pounds per square inch for a contact 
time of approximately 3 hours to form 
iron and nickel sulfides, together with 
sulfuric acid which reacts immediately 
with the nickel- magnesium silicates and 
other acid-soluble constitutents. The pulp 
is conveyed to oxidation autoclaves where 
the nickel sulfide is oxidized to soluble 
nickel sulfate. The iron sulfides react to 
form sulfuric acid and ferric sulfate which 
hydrolyzes to form ferric oxide and addi- 
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tional sulfuric acid. The acid dissolves the 
nickel from the remaining nickel-magne- 
sium silicates. The addition of powdered 
iron to the oxidized slurry in an autoclave 
at 150° C gives a metallic nickel cementa- 
tion product that can be recovered, along 
with residual metallic iron, by conventional 
magnetic separation equipment. Approxi- 
mately 25 to 30 percent of the magnetic 
product is metallic nickel. Calcining at 
950° C results in a mixture of metallic 
nickel, metallic iron, and iron oxides. It is 
assumed that a final ferronickel product 
can be obtained by melting and drawing off 
an oxide slag. Reacting the tailings solu- 
tion with raw sulfur could yield a by- 
product magnesian phosphate fertilizer, 
thus enhancing the economic feasibility of 
the process. 


7 Seidel, D. C., and E. F. Fitzhugh, Jr. A 
Hydrothermal Process for Oxidized Nickel Ores. 
Trans. AIME (Mining), v. 241, No. 3, Septem- 
ber 1968, pp. 261-268. 


U.S. GOVERNMENT PRINTING OFFICE: 1969 0— 392-738/31 


Digitized by Google 


Nitrogen 


By John R. Lewis! 


The use of nitrogen compounds, pri- 
marily as ammonia in fertilizers, continued 
to grow in the United States and through- 
out the world during 1968. There was a 
slowdown in the rate of growth, however, 
and ammonia producers turned to the in- 
dustrial market for new customers. 

In the United States, there were early 
signs that annual productive capacity of 
anhydrous ammonia had reached a plateau 
at about 16.5 million tons by the end of 
1968. The capacity to produce byproduct 
ammonia meanwhile, was about 200,000 
tons per year. Nevertheless, excess capacity 
continued to plague the nitrogen supply 
structure. Weather and other agricultural 
vagaries did little in 1968 to provide a 
robust demand. Continued construction of 


huge new ammonia plants, featuring rela- 
tively low unit costs, foretold of possible 
persistence of low prices and oversupply. 
The closing-down or phasing-out of older 
and smaller high-cost plants, a more vigor- 
ous export program, and the delivery of 
ammonia by pipeline were watched during 
1968 for their cost reducing effects upon 
the industry. 

World production of agricultural nitro- 
gen rose again in 1968, to 29.5 million 
short tons from 25.6 million in the pre- 
vious year. Likewise, technical nitrogen 
production, worldwide, was up in 1968 to 
6.9 million short tons from 6.1 million a 
year earlier. 


1 Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient nitrogen statistics 
(Thousand short tons of contained nitrogen) 


United States: 
Production as ammonia. .................... 
Production as high purity nitrogen gas 
Exports of nitrogen compounds 
Imports for consumption of nitrogen com- 


P Preliminary. r Revised 
t Estimated, excludes nitrogen gas. 


1964 1965 1966 1967 1968 » 
6,447 7,465 8,904 10,210 10,108 
2,286 2,829 3,511 4,057 4,581 
887 459 707 828 1,428 
494 496 566 691 669 
6,117 r 6,526 r 7,660 r 9,068 9,960 
21,888 24,081 27,674 81,869 86,192 


Table 2.—Nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 


Anhydrous ammonia: Synthetic plants 111... 
Ammonia compounds, coking plants: 
Ammonia liquor EH 
Ammonium sulfate. ee ee 
Ammonium phosphates. .................... 


1964 1965 1966 1967 1968 » 
6,279 1,295 r 8,722 710,084 9,946 
18 18 r 11 r 12 14 
144 147 r 162 r 156 142 
11 10 r 9 8 6 
6,447 7,465 *8,904 710,210 10,108 
2,286 r 2,829 8,511 4, 057 4,581 


p Preliminary. * Revised. 
! Bureau ^f the Census Current Industrial Reports. 
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Table 3.—Major nitrogen compounds 
produced in the United States 


(Thousand short, tons, gross weight) 


Compounds 


Ammonium nitrate 
Ammonium sulfate....... 
Ammonium phosphate 
Nitric acid 


r Revised. 


1967 © 1968 P 


oe 1,937 1,993 
esie 5,699 5,188 
-— 6,265 6,185 


P Preliminary. 


Sources: Bureau of the Census and Tariff Com- 


mission. 


DOMESTIC PRODUCTION 


In the year ending June 30, 1968, the 
supplies of nitrogenous materials for use 
in making domestic fertilizers increased 16 
percent over those of the previous year. 
Domestic sources were turning out 18 
percent more than a year earlier. During 
the period ending June 30, 1969, which 
includes the second half of calendar year 
1968, the supply of nitrogenous materials 
was expected to increase about 7 percent 
over the previous year's, but with exports 
siphoning off some of this, the net avail- 
able supply of nitrogenous materials for 
fertilizer use appeared about the same as 
the previous year. 

Nitric acid production appeared slated 


for an estimated 6.14 million tons in 1968, 
only slightly below the 6.27 million tons 
in 1967. s 

In the table on recent nitrogen plant 
closings and startups there are a number 
of entries in which a company appears to 
have closed a certain capacity of synthetic 
ammonia while in the same year opening 
new capacity. Generally, these are .cases 
of closing down old, multitrain units and 
replacing them with modern, low-cost, high 
quantity plants. In other instances it may 
be noted that a previously reported plant 
is repeated. This has been done where 
subsequent information became available 
altering the earlier figures. 
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At the end of January 1968, Armour 
and Co. announced that United States 
Steel Corp. had agreed to purchase the 
U.S. business of Armour Agricultural 
Chemical Co., a wholly owned subsidiary 
of Armour. Purchase price was not made 
public. The future of Armour’s overseas 
interests, likewise, was not announced. 
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Undoubtedly influenced in part by the 
mixed outlook for nitrogen in the near 
term, construction of at least two big 
plants was delayed for the time being. 
Each plant had been slated to produce 
350,000 short tons of anhydrous ammonia 
per year, and both were to have been 
situated in the Middle West. 


CONSUMPTION AND USES 


The primary use of nitrogen in the 
United States in 1968 continued to be for 
plant food. Eighty-five percent of all nitro- 
gen was thus consumed, mostly as am- 
monia, (liquid or gas), ammonium nitrate, 
ammonium sulfate, and urea. Nitrogenous 
liquids, including ammonia, made up 67 
percent of the total nitrogenous plant food 
supply in 1968. Nitrogenous solids provided 
the balance and urea continued to find 
favor among users. While urea's share of 
the market was not large, its steadily in- 
creased use (up 8 percent) should be 
noted. 

The remaining 15 percent of the nitrogen 
used in the United States went into the 
production of chemicals, synthetic fibers, 
and explosives (industrial and military). 
About 62 percent of all U.S. nitric acid 
was used to make ammonium nitrate (down 
from 75 percent between 1960—65), while 
another 25 percent went into the making 
of explosives and propellants in 1968. 
Urethane foam materials and miscellaneous 
chemicals consumed the remaining nitric 


acid production. It is in these sectors and 
in fertilizers where use of nitric acid is 
expected to expand. 

According to reports of the U.S. Depart- 
ment of Agriculture, 6,588,479 tons of 
nitrogen was consumed by the agricultura) 
sector as fertilizers during the fiscal year 
ending June 30, 1968. This was an in- 
crease of 9.3 percent over the previous 
year's consumption, which in turn reflected 
a 13-percent increase over that of fiscal 
year 1966. The reduced rate of consump- 
tion in fiscal 1968 was believed reflective 
of reductions in acreage planted for food 
and feed grains plus adverse weather con- 
ditions in some regions. The combination 
of a large productive capacity and reduced 
demand had driven ammonia prices down 
to levels which made them attractive for 
industrial uses, of which there are around 
2,500. The biggest uses were steel treating 
and sulphite pulping (paper). 

Shipments of high purity nitrogen (in all 
forms) ‘were estimated to approximate 3.5 
million tons in calendar year 1968. 


PRICES 


Agricultural nitrogen prices remained 
weak during the 1967-68 fertilizer pur- 
chasing season (March 1967-February 
1968), mainly because of oversupply, par- 
ticularly throughout the distribution net- 
work. Concerted effort to move fertilizer 
materials from storage into users’ hands 
caused further downward price pressures. 
Anhydrous ammonia, the most affected 
product, which had sold for around $113 
per short ton in April 1967, was reportedly 
down to around $90 per short ton ex- 
actly 1 year later, and in parts of Iowa 
prices were as low as $70 to $80 per ton. 

Fertilizer material prices (1968), as re- 
ported in trade publications and as reflected 
in table 5, are customarily large-lot "spot" 
prices to be regarded only as list prices of 
merchant producers and not necessarily 


reflective of prices at which transactions 
may actually have occurred. Nearly all 
sales of fertilizer products by producers 
are made under the terms of f.o.b. con- 
tracts for delivery throughout the fertilizer 
year. Prices usually are the result of direct 
negotiation between buyer and seller and 
for the most part are confidential. Further- 
more, even at the farmer-consumer retail 
level, during 1968, there was ample evi- 
dence that fertilizer prices were well below 
those being posted. For example, 45 per- 
cent nitrogen urea, posted at $90 to $94 
per short ton in bulk, was selling at 
Maumee, Ohio, in bags for $71 per ton, 
and at Nevada, Iowa, for $75 per ton. In 
the Maumee market area, 33½ percent 
ammonium nitrate, listed in table 5 at 
$62 to $64 per ton, sold for $55.50 per 
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Table 5.—Price quotations for major nitrogen compounds in 1967 


(Per short ton) 


Compound January 5 December 27 
Ammonium nitrate, fertilizer grade, 33.5 percent nitrogen, bulk, carlots, 

1.0505 err eso eho cO PNE Ne ! $61—64 1 $62—64 
Ammonium sulfate, standard granular, bulk, f.o.b. works. 23-31 
Anhydrous ammonia, fertilizer, tanks, works, or freight equalized east of 

ROCK]OS-- eher 1 60-92 1 60—92 
Sodium nitrate, domestic, commercial, bulk, carlots, works 44 47 
KE nitrate, imported, commercial, bulk, carlots, port warehouse 44 44 

rea: 

Industrial, 46 percent nitrogen, bags, carlots, delivered freight equalized 94 94 
` Agricultural, 45 percent nitrogen, bulk, 50-ton cars, works | 90 190-94 


1 Differences quoted are due to quantity, quality and/or locality. They are not intended to infer prices bid 


or asked, nor periodic ranges. 
Source: Oil, Paint and Drug Reporter. 


short ton, with a $3.75 per ton discount 
if trucked away from the dealer’s ware- 
house before a late January 1969 date. In 
central Iowa ammonium nitrate sold for 
$55 per ton. 

During the summer, representatives of 
the fertilizer and ammonia-producing in- 
dustries met in New York with commodity 
exchange officials to discuss commodity 
trading of ammonia futures. It was argued 
that such trading would firm up credit 
practices and spread out the heavily peaked 
production schedule. Others felt that diff- 
culty in estimating return on investment 
could be reduced and financial risk could 
be spread. Still in the formative phase, no 


FOREIGN 


Nitrogen exported in 1968 was about 
double that imported. Nitrogenous fer- 
tilizers accounted for 95.4 percent of all 
nitrogen exported, a slight decrease from 
the 96.1 percent figure for 1967. Taking 
up the difference in 1968 were exports of 
industrial chemicals (anhydrous and chemi- 
cal grade aqua ammonias) which enjoyed 
a modest rise from 3.8 percent of the total 
in 1967 to 4.6 percent in 1968. 

The gross weight of exported nitrogenous 
fertilizer materials jumped dramatically in 
1968—up some 38 percent over that of the 
previous year. However, the value of this 
increase was only 13 percent, probably 
reflecting, among other things, a decided 
softening in prices and greatly increased 
sales to India, undertaken for the most 
part with financing arranged through the 
United States Agency for International 
Development (AID). The lower prices 


final action was taken and many adopted a 
“wait and see" attitude. 

By September 1968, industry-wide efforts 
toward a more stabilized price structure 
had been initiated. In the face of short- 
term expected growth in demand, produc- 
tion curtailment brought about by can- 
cellation of expansion projects, cessation 
of operation of relatively small and older 
production units, and rearrangement of 
distribution systems (such as inauguration 
of the ammonia pipeline and the unit 
train) all combined to begin to have 
remedial effects upon the somewhat chaotic 
price framework. However, overnight solu- 
tion to the problem did not appear probable. 


TRADE 


enabled AID to arrange for the sale of 
greater volumes for an equivalent amount 
of money. 

In another reported instance, a rather 
sizable amount of ammonia was shipped 
to the United Kingdom, under a short- 
term contract, at an average value of 
$27 per short ton, f.o.b. This was in the 
face of average ammonia export values of 
$40 per short ton during the first half 
of 1968 and $80 per short ton about 2 
years earlier. 

Exports of urea showed important gains. 
Because of greater value as fertilizer, urea 
prices did not fluctuate in the 1968 export 
market. Exports were up about fourfold 
over those of 1967, and the value of these 
exports also approximately quadrupled. 

Imports of nitrogenous materials, on the 
other hand, turned slightly downward in 
1968. 
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Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 


(Thousand short tons and thousand dollars) 


Compounds 


EXPORTS 


Industrial chemicals: Anhydrous ammonia and 
chemical grade aqua (ammonium content 
Fertilizer materials: 

Ammonium nitr ate 
Ammonium phosphates and other nitrogenous 
phosphatic-type fertilizer materials 
Ammonium sulfate... .......... 2. . 2... 2... 
Anhydrous ammonia and aqua (ammonia 
Sont en dun em mS 
Nitrogenous chemical materials, n.e.c. ....... 
Sodium ni traten 
)))); ͤ Au acm iure Ene 


IMPORTS 


Industrial chemicals: Ammonium nitr ate 
Fertilizer materials: 
Ammonium nitr ate 
Ammonium nitrate-limestone mixtures 
Ammonium phospha tes 
Ammonium sulfate --------------------- 
Calcium cyanamide or lime nitrogen 
Calcium nitrate- -.------------------------- 
Nitrogen saolutions. 
Anhydrous ammonig. 
Potassium nitrate or saltpeter, crude... ...... 
Potassium nitrate, sodium nitrate mixtures... 
Sodium nitrate... .. 2 LLL Ll Ll ll lll. ll 


r Revised. 
1 Less than Le unit. 


1967 1968 
Gross Nitrogen Value Gross Nitrogen Value 
weight content weight content 
89 82 $2,676 80 66 $3,592 
41 14 2,542 89 30 4,022 
1,270 191 87,507 1,270 229 16,308 
1,047 220 48,005 1,395 293 48,844 
894 824 19,942 720 590 22,889 
27 5 2,027 26 8 1,810 
(7) AN 21 1 (!) 

93 42 7,288 461 212 28,921 
2,911 828 165,008 4,042 1,428 186,472 
(9 (1) 4 (3) (2) 2 

177 58 9,121 227 76 11,344 

3 1 101 7 1 210 
212 32 17,720 247 4T 17 ,264 
168 35 5,908 131 28 ,952 
18 4 1,036 17 4 1,709 
82 5 142 42 7 990 
73 25 3,420 72 22 3,232 
443 364 19, 126 401 329 18, 500 
r 19 2 697 16 2 656 
45 7 1,702 28 4 1,009 
218 35 6,790 205 33 6,715 
260 118 16,438 248 114 15,471 
24 5 1,275 11 2 767 
1,692 691 84,080 1,652 669 82,221 


WORLD REVIEW 


Development Bank, and Ebasco Industries 


Argentina.— The $25 million major 
petrochemical fertilizer complex, Petrosur 
SAIC, located at Campana, 50 miles north- 
west of Buenos Aires in Buenos Aires 
Province, was opened in the late spring of 
1968. The plant has a revised annual 
design capacity of 150,000 tons of synthetic 
nitrogenous. fertilizer materials, utilizing 
natural gas as the raw material. Argentine 
and European capital, the Inter-American 


are reported to have participated in the 
project. The Petrosur complex, consisting 
of five integrated plants, will produce inter- 
mediate products and finished nitrogenous 
and mixed fertilizers. Revised daily outputs 
are expected to be synthetic ammonia, 
200 tons; urea, 162 tons; sulfuric acid (98 
percent), 98 tons; and ammonium sulfate, 
147 tons. | 
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Table 7.—World production and consumption of fertilizer nitrogen compounds, 
years ended June 30, by principal countries r 


(Thousand short tons of contained nitrogen) 


Production * 


* Estimated. r Revised. 
1 Includes Central America. 
Source: Nitrogen (London), No. 57 January-February 1969, pp 16-17. 


Consumption * 


Country !—— — — 
1965-66 1966-67 1967-68 1965-66 1966-67 1967-68 
Argentina oo oso ul. a d uos mosszBEMeTESe 2 1 2 88 81 85 
Australia. els ¹o” ⁰ TTT... lea wwe 37 49 61 77 119 132 
ö ⁵ ²v¹ .. 8 231 257 268 100 99 111 
Belgium. uu 0ë E oc REA ER RAW 376 850 897 168 174 181 
Brazil 122125955 yy km ie ces 16 7 8 83 75 129 
„re ee 278 327 390 255 298 858 
ei ET TEE d aN 418 526 618 240 305 858 
J))“ ge Leer y mrs 41 43 50 
Chil. ie ei e dM odd D e EE 202 165 187 41 40 89 
China, mainland. e 750 860 937 1,465 1,956 1,819 
CGolombig ------- 2-2- MMMMMiMMŅM 43 89 44 44 45 50 
qM TNR y pe matte su 6 11 99 159 187 
Czechoslovakia 248 277 288 278 289 298 
Denmark... .. ------ -20e MnnMņMMMMMŅiMMM 28 28 44 211 287 256 
ee . 76 1 106 111 125 
F ˙²¹¹wꝛf.%Ü¹Üi30Qd eleng 1,146 1,308 1,470 970 1,079 1,180 
Germany: 
Masi. c. soe 384 879 870 452 477 
Wost c fee ee rese 1,564 1,6 55 1,720 968 980 1,047 
ej c MRNA 84 129 132 150 163 176 
UI EE 163 184 207 248 284 287 
! ²˙ ]]] ee 288 340 396 62 5 986 1,580 
Indonesia... ioco so Ee e 52 46 48 109 121 154 
ABO. c %⅛˙¼ A EEN 88 89 41 41 54 60 
InrRGl 22. 5.222220 E E 25 25 26 24 28 29 
111 P ee 986 1,036 1,200 504 585 584 
CT, EE 1,800 1,972 2,188 849 919 959 
Korea: 
AT d EE 116 123 148 116 124 148 
South. c; cu secs eee See 88 96 270 281 296 822 
Malawi, Southern Rhodesia, Zambia POSER MEER ᷣ Cc Nd 52 51 61 
hp soos ooo ee e 171 176 200 305 841 880 
Netherlands 619 754 986 843 872 878 
%%% uoc ee 365 859 410 69 68 71 
Pakistan- ß a ean 98 102 116 179 283 287 
a d 21 19 28 51 40 45 
Philippines 11 23 40 48 72 79 
(TN DEEN 435 509 655 488 518 620 
Fortgang 124 127 182 101 85 112 
Rüumanl. mcus m ce 188 291 410 174 228 851 
South Africa, Republic of.................. 76 85 116 109 108 144 
Lef A, MDC 65qꝶffK E E TN 804 366 480 452 466 518 
Sweden. l mex x xk é xkfékféßfkf . e 101 132 152 178 181 187 
Switzerland 34 31 32 28 34 85 
NA 2 i 2 Ad A cad dd 177 192 206 209 204 208 
th TT, EE ee lees 57 332 405 5 5 5 
Qu. uõͤĩ ˙” )r EE 36 36 3 9 121 146 
ote ͥ mtr. 8 2,72 5 3,131 3,582 2,630 2,928 8,405 
United Arab Republic....................- 169 178 187 311 298 825 
United Kingdom 124 787 942 694 758 828 
United States 5,689 6,287 6,872 5,313 6,048 6,589 
Tags ne Si eee .....-.. 108 1 12 183 218 249 
er: 
North America 1111. 46 58 62 118 127 138 
South America........-..-.--....---- 19 15 25 45 47 57 
PUTO DG os ß case 10 8 14 25 26 $1 
AGING) oo ⁵ ² m NO Sus 18 1 119 280 294 860 
ROR l. oe L. en ee P E ĩð2 Cet 4 11 141 179 218 
J/%%%hhTr oo ⁰⅛ (tum yr ⁰ usus 12 14 14 
World totalllk4àñ 21,729 24,442 27,813 21,155 24,036 26,770 
Estimated losses (in transit, bagging, 
"17.19 ee eet eee ees, Reto P T seas 817 861 402 
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Australia.—In 1968, construction began 
on Austral—Pacific Ltd.’s $45 million fer- 
tilizer plant at the company’s complex at 
Gibson Island near Brisbane, Queensland. 
Raw material will be natural gas from the 
Roma gas field. The single-train plant was 
reported to be capable of producing 
250,000 tons of urea per year and about 
the same amount of anhydrous ammonia. 
Completion target was early 1969. Austral- 
Pacific is largely owned by Skelly Oil Co., 
Swift & Co., and The Dow Chemical Co. 

During 1968, depressed prices in the 
world nitrogen markets created some un- 
certainty in Australia, especially with re- 
spect to construction or expansion of 
indigeneous nitrogen producing facilities. 
In general, it was possible to buy imported 
nitrogeneous materials cheaper than they 
could be made in Australia, despite new 
capacity coming on stream during the year. 
Esso Chemicals Australia suspended fur- 
ther marketing operations in New South 
Wales and dropped building plans of a 
year earlier involving four manufacturing 
sites. Amalgamated Chemicals, Ltd., con- 
trolled by Continental Oil Co. (U.S.), 
also deferred plans to build and announced 
intent to sell imported fertilizer materials, 
including ammonia. 


Belgium.—A new 100,000-ton-per-year 
urea and 300,000-ton-per-year ammonia 
plant began operation late in the year at 
Societé Carbochimique’s site at Tertre. It 
was designed to use natural gas as feed- 
stock to the ammonia plant (built by 
Kellogg) and the new Stamicarbon process 
for making urea. 


Bulgaria.—The third Bulgarian nitrogen 
complex, near Vratza, was commissioned 
toward the end of 1968. Its annual pro- 
duction capacity of ammonia is scheduled 
to reach 400,000 tons per year. The com- 
plex was made possible as a result of the 
discovery of natural gas at Chiren, near 
Vratza. 

Technical expertise during construction 
was provided by contracting firms from 
Belgium, France, and the United Kingdom. 

Another chemical combine, with a pro- 
duction capacity of 200,000 tons per year 
of ammonia and large amounts of phos- 
phate will be built during the next few 
years near Varna. A contract for the 
construction and equipment for this com- 
bine has already been signed with the 
same companies which constructed the 
Vratza plant. 
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Chile.—Sociedad Quimica y Minera de 
Chile S.A. emerged, during 1968, as the 
new company formed by the Chilean 
Government with several nitrate companies 
to develop further Chile’s large natural 
nitrate deposits. The Anglo-Lautaro Nitrate 
Corporation, Corporación de Fomento de 
la Producción (CORFO) and the absorbed 
COVENSA (Corporacion de Ventas de 
Salitre y Yodo de Chile) all contributed 
facilities to the revitalized venture, which 
reportedly has an initial capitalization of 
$40 million. Although at the outset the 
thrust of the corporation's efforts were to 
be with nitrates, iodine, and their deriva- 
tives, future activities were also aimed at 
development of magnesium, titanium, and 
sulfur resources. 


Table 8.—Chile: Exports of nitrate in 1968, 
by countries 


(Short tons) 

Country of destination Quantity 
Argenting............ l. . u. .. u... 8,848 
Australia___________.. ee A 8,564 
PVR DLL u E Eee 84,838 
Canada e Sas tu ss 5,264 
Colombia... ease det 961 

A oo oe so Se 8 5,116 
Ecua door 435 
El 5 EE 256 

7% -vö 16, 881 
Ja xi Jö ⁵ ⁵⁵ũAdͤ 8 ; 
SNE, a) oo bes ease ee 8,069 
Me.. 88 „007 
Pon C 3.581 
SE ee ; 
pen PEE CC d 8 20,247 
ited Kingdom. ................... 8,222 
United States 200,788 
P 544 
Other countries 91,579 
!!,, ⁰·¹ð⅛»i..Q. 438 , 862 


China, Mainland.—The China National 
Chemical and Export Corporation, main- 
land China’s fertilizer trading organization, 
increased its world-leading purchases of 
nitrogen fertilizers in 1968 by some 14 
percent over those of the previous year. 
Suppliers were Nitrex A.G., a Swiss-based 
central sales organization acting for major 
producers in Germany, Italy, and France; 
several groups in Japan; and Imperial 
Chemical Industries, Ltd., (ICI) a British 
chemical group. Ammonium sulfate and 
urea were the main compounds purchased. 


Germany, West.—Traditionally strong in 
the export of nitrogeneous materials, West 
Germany dropped to third place among 
the world's exporters behind Japan and 
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the United States during the latter half 
of 1968. Competition in export markets 
was expected from all other European 
nations, especially from Italy and the 
Netherlands where raw materials were in- 
creasing and prices were low. Domestically, 
producers were faced by discounts from 
foreign companies seeking markets in West 
Germany, and consumption did not rise as 
much as in nearby Belgium and the 
Netherlands. By the end of 1968, prices 
had been lowered several times to meet 
competition, despite slight price rises in 
nearby countries. Exports through Nitrex 
were expected to ease some of the over- 
supply problems. 

Badische Anilin- & Soda-Fabrik (BASF) 
was reported to be replacing several older 
synthesis units with a 400,000-ton-per-year 
single-train ammonia plant at its Ludwig- 
shafen facility. Britain's Humphrey's & 
Glasgow handled design and engineering 
of the synthesis gas plant. Completion is 
scheduled for early 1970. 

Dutch natural gas for feedstock and for 
boiler fuel for power will be used at the 
ammonia plant-fertilizer unit of Enterprise 
Miniere et Chimique and Wintershall of 
West Germany, to be built at Ottmarsheim. 


Greece.—Late in 1968 the Greek Gov- 
ernment announced control measures for 
the fertilizer industry and its markets in 
the country. Fertilizer stocks, imports, and 
the establishment of new production facili- 
ties were involved. 

The Agricultural Bank of Greece was to 
purchase all existing stocks of chemical 
fertilizers held by domestic manufacturers 
and would take all manufacturers’ output 
in the future. 

Import permits would be issued hence- 
forth only for those fertilizers which are 
manufactured not in Greece, and no new 
plants would be approved if designed to 
produce fertilizers already made in Greece. 

Companies in Greece at yearend pro- 
duced ammonium phosphate sulfate, single 
superphosphate, triple superphosphate, phos- 
phoric acid, ammonia, ammonium sulfate, 
ammonium nitrate, lime ammonium nitrate, 
and various mixtures. There was an indi- 
cated 155,000-ton-per-year ammonia pro- 
duction capability in Greece at the close 
of 1968. 


Guatemala.—Components for Guate- 
mala’s first fertilizer complex, at Escuintla, 
were ordered late in 1968. Stamicarbon was 
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to furnish a urea plant rated: at 60,000 
short tons per year. Lummus Co. was the 
contractor and total cost was put at around 


'$15 million. A 300,000-ton-per-year am- 


monia plant, to operate in connection with 
the urea plant will use Mexican petroleum 
for feedstock. Although construction was 
initiated by the Government, it was ex- 
pected that the plant ultimately will be 
sold to private enterprise. 


India.—India continued to be short of 
all fertilizers but the biggest need was 
nitrogen. Present (1968) nitrogen capacity 
was listed as 805,000 short tons per year 
but production was expected to be around 
550,000 short tons. India’s problems in 
attracting foreign investment appeared to 
continue despite major inducements. 
Furthermore, with ample world fertilizer 
supplies, it appeared that foreign com- 
panies were disposed more to send fer- 
tilizer to India than to build plants there. 
Nitrogen consumption in India was more 
than 1 million tons in 1968. | 

Six projects, which will add around 
725,000 short tons per year, were in various 
stages of construction in 1968, and others 
aimed at a grand total nitrogen capacity 
of around 2 million short tons per year 
by 1970-71 were already committed. 

The Power-Gas firm announced that it, 
with associates, plans to design and con- 
struct a complete $45 million fertilizer 
complex at Goa on India’s west coast. The 
project will include plants to produce 600 
tons of ammonia and 1,030 tons of urea 
daily, and will include docks, water supply, 
waste treatment facilities, and a permanent 
residential area. | 


Indonesia.—The national oil and gas 
production company of ‘Indonesia, Per- 
tamina, with Universal Chemicals of 
Nassau, Bahamas, was preparing to proceed 
with the building and operation of a $65 
million, 350,000-short-ton-per-year anhy- 
drous ammonia-to-urea and nitrogen solu- 
tion fertilizer plant, probably to be located 
in West Java. Indonesian nationals would 
be trained to operate the facility, which 
would be their nation’s largest manufactur- 
ing facility. 

Meanwhile, Japan agreed, in mid-1968, 
to extend $80 million in economic aid to 
Indonesia and 4 days after the agreement 
was signed the Japanese fertilizer industries 
began preparing 108,000 short tons of urea 
for shipment to Indonesian ports. 
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Japan.—Conversion by Japan's nitrogen 
industry to large, economical production 
units, which began a year or so earlier, 
continued with considerable velocity in 
1968. 

Mitsubishi Chemical Industries Ltd. went 
ahead with replacement of their 465-ton- 
per-day plant at Kurosaki, Fukuoka Pref. 
and engaged Chemical Construction Corp., 
a subsidiary of Ebasco Industries Inc., to 
supply the process know-how and engineer- 
ing for an 1,100-ton-per-day ammonia 


plant. Featuring a single-train design, and: 


using centrifugal compression, the plant 
will use surplus coke oven gas from other 
plants in the Kurosaki complex as fuel for 
the naphtha reforming facilities. Most of 
the output from! the larger plant will be 
used for production of caprolactum, acry- 
lonitrile, and other ammonia derivatives, 
with only about a third of the output going 
into fertilizers. 

What may be the world's largest am- 
monia unit was in the planning stages by 
Nihon Ammonia Company, formed in 
November 1968 by Sumitomo Chemical 
Co., Seitetsu Kagaku Kogyo Co., Showa 
Denko K.K., and Nissan Chemical Indus- 
tries Ltd. Although the site had not been 
announced, one place apparently under 
study was the Chiba industrial belt, near 
Tokyo. Determination to have the 1,650- 
short-ton-per-day ammonia plant on stream 
during 1970 was made public, however. 
Also, a large capacity urea plant was 
planned for concurrent construction. 

In addition, two Japanese companies— 
Tohoku Hiryo and Nippon Suiso Kogyo— 
were scaling up plans for a joint ammonia 
fertilizer plant scheduled to go into produc- 
tion in December 1969. Originally laid out 
for 750 tons per day, the $33.3 to $36.1- 
million facility at Onahama was projected, 
during 1968, to a 1,000-ton-per-day out- 
put level. 


Kuwait.—Kuwait Petrochemical Indus- 
tries Company was proceeding with another 
of the big ammonia/urea projects under 
way in the Persian Gulf area. Two units, 
each capable of 231,000 tons of urea per 
year, were to be built and supplied by two 
separate ammonia units under construction 
nearby, each of which will have capability 
for 265,000 tons per year. Provisions have 
been made for a third ammonia unit when 
it becomes necessary. Natural gas will be 
the raw material source. Completion of the 
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entire project was scheduled for the 
autumn of 1969. Overall, the cost was 
expected to run about $60 million. When 
ready, Kuwait will have enlarged its petro- 
chemical production fivefold over its first 


beginnings in this field. 


Mexico.—During the summer of 1968, 
plans were announced by Guanos y 
Fertilizantes de Mexico S.A. to build a 
750-ton-per-day urea plant valued at $7.5 
million at Minatitlan, Vera Cruz. The 
company had engaged SNAM Progetti 
who planned to utilize one of its own 
original processes in the plant. Local 
supplies and civil engineering were to be 
supplied from Mexican sources and the 
turnkey job was slated for completion 
during the summer of 1971. 

A 150-mile anhydrous ammonia pipe- 
line? crossing the Mexican isthmus from 
Minatitlan near the Gulf of Mexico to 
Salina Cruz on the Pacific Ocean was 
completed in 1968. 


Netherlands.— During 1968 Esso Chemie 
N.V. started up its Europoort fertilizer 
complex, said to be among the world’s 
largest such installations. During the plan- 
ning and early development stages, the 
capacities of the various units were in- 
creased several different times. As com- 
pleted, the complex comprises an ammonia 
plant (500,000 tons per year), the largest 
single-train plant to date in Europe; a 
nitric acid plant (250,000 tons per year); 
a calcium ammonium nitrate plant by 
Fredriech Uhde (400,000 tons per year); 
and a urea plant (188,000 tons per year), 
which converts all ammonia and carbon 
dioxide feed into urea. The complex uses 
Dutch natural gas as feedstock for pro- 
duction of urea and calcium ammonium 
nitrate. Cost of the entire project was 
around $70 million. 

There were several other important addi- 
tions to the burgeoning Dutch petrochemi- 
cal fertilizer production capability during 
the year. Among these were announce- 
ments during the summer by both Neder- 
landse Stikstof Maatschappij N.V. and by 
the governments Dutch State Mines 
(DSM) that each planned almost to double 
its urea output via plant enlargements. Both 
companies were preparing for expanded 
activity in the mixed fertilizer markets as 
well. Much of this production was and will 


2 Fertilizer and Feeding Stuffs Journal. V. 65, 
No. 14, July 17, 1968, p. 459. 
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be exported, mostly to West European 
buyers. 


Poland.—Said to be the largest fertilizer 
complex in the world, Pulawy I and 
Pulawy II, went on stream in June 1968 
at a point on the Vistula River some 100 
miles south of Warsaw. A French firm, 
Kaltenbach and Co., was the construction 
contractor. The complex consists of three 
plants, each with a 400,000-ton-per-year 
ammonia capacity. Units downstream from 
the ammonia plant produce nitric acid, 
urea, and ammonium nitrate. Newly de- 
veloped output alone is expected to be 
around 530,000 tons of pure product 
annually. Feedstock is natural gas pipe- 
lined from the U.S.S.R., but Polish natural 
gas may later be used. The plant is highly 
automated; it is said that six to 10 persons 
can operate it. 


Qatar.—Power-Gas Corporation of Brit- 
ain has targeted a mid-1972 date for 
completion of a $44.4 million nitrogenous 
fertilizer plant at Umm Said (Musay'id) 
on Qatar's eastern coast near the Persian 
Gulf. The plant will have capacity for 
365,000 tons of urea and 105,000 tons of 
ammonia per year. Feedstocks will be 
natural gas produced in the country. 


Saudi Arabia.—At Dammam, the Saudi 
Arabian Fertilizer Co., owned 51 percent 
by the Saudi government and 49 percent 
by private Saudi investors, was proceeding 
during the year with construction of a 
giant urea plant. Using gas formerly 
wasted, the plant will produce 600 tons 
per day of ammonia which will be con- 
verted into 1,100 tons of urea per day, 
most of which will be exported to world 
markets. Estimates of total cost, originally 
set at around $30 million, rose to around 
$40 million during the year. 


Spain.—An ammonium nitrate plant 
(prill process) at Seville went into opera- 
tion during 1968, under ownership of 
Abonos Seville S.A., a member of the 
Union Espanola de Explosives group. 

Spain and Algeria were negotiating, dur- 
ing the year, to trade Algerian ammonia 
for Spanish fertilizer. Algeria’s oil agency, 
Sonatrach, was building a 1, 000-ton- per- 
day ammonia plant at Arzew near Oran, 
on the Mediterranean which reportedly 
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can ship to Spanish fertilizer makers at 
less than $40 per ton, c.i.f., beginning in 
1970. Spanish fertilizer plants in Huelva, 
Malaga, Algeciras, Cartagena, and Tar- 
ragona then will return finished fertilizers 
to Algeria at so-called “reasonable” prices. 


United Kingdom.—In 1968, availability 
of North Sea natural gas created possibili- 
ties for considerable nitrogen fertilizer raw 
material cost savings (estimated at $7 per 
ton in ammonia production) and a number 
of firms were negotiating for the gas 
which appeared about to usurp naphtha as 
feedstock in many plants by 1970-71. 
Both Imperial Chemical Industries and 
Shellstar Ltd. were actively engaged in 
final negotiating for big gas reserves. 

A high-purity nitrogen plant built by 
Air Products, Ltd., was ready for opera- 
tion at yearend at an undisclosed chemical 
complex in Northern Ireland, presumably 
Du Pont. The 148,000-ton-per-year facility 
will produce liquid nitrogen to storage for 
peak or special requirements at the 
complex. 

Another nitrogen plant by Air Products, 
Ltd., was to be built for Shell Chemicals 
U.K. at Stanlow, Cheshire. It will be 
totally automated and will operate as a 
satellite to an existing facility at Carring- 
ton. Cost was estimated to be about 


$600,000. 


Venezuela. "The Lake Maracaibo area 
was the scene, in 1968, of the beginnings 
of a $90 million project featuring, as part 
of a petrochemical installation, another 
ammonia plant of 1,500 tons per day 
capacity. To be built at Bajo Grande, the 
facility is a cooperative project by the 
state-owned Venezuelan Petrochemical In- 
stitute and four U.S. oil companies, 
Venezuelan Atlantic Refining, Venezuelan 
Sun Oil, Texaco Maracaibo, and Texaco 
Seaboard. Using some 45 million cubic 
feet of gas daily, the plant is scheduled 
to go onstream in mid-1970. Output will 
mainly be sent to fertilizer plants in Latin 
America. The plant is part of a large 
interdependent petrochemical and fertilizer 
complex on specially setaside land called 
El Tabiazo in Zulia State. 


3 Pulawy Fertilizer Complex Starts Production. 
European Chemical News (London). V. 
No. 336, July 12, 1968, p. 7. 
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TECHNOLOGY 


Continued reduction in costs was the 
main thrust of research, development, and 
distribution techniques in 1968. 

A major step, considered by some to be 
still subject to scrutiny, was the ammonia 
pipeline, of which two were well under- 
way in the United States during 1968, 
while a third was under consideration by 
a group of chemical and petroleum com- 
panies. Generally, these lines are expected 
to operate in conjunction with large, low- 
cost ammonia production facilities. 

A common carrier ammonia pipeline, 
operated by Mid-America Pipeline Co. 
(MAPCO) of Tulsa, Okla., starts at 
Borger, Tex., in the Panhandle gasfields 
area and extends northeasterly across cen- 
tral Kansas, eastern Nebraska, and into a 
western Iowa terminus at Garner. The line 
is 850 miles long, cost $18 million, and 
boasts five distribution terminals and one 
80,000-ton storage area. By this means, 
ammonia plants may locate close to lowest 
cost feedstocks and can send their output 
hundreds of miles distant. Competition 
from barges, trucks or unit-trains was still 
an unknown factor in 1968, however. 

Ammonia for the 6- and 8-inch MAPCO 
line became available from the newly 
opened (October 1968) 350,000-short-ton- 
per-year single-train plant of the Hill 
Chemicals Inc., at Borger where additional 
productive facilities were also under de- 
velopment. Meanwhile, a second independ- 
ently owned and operated common carrier 
anhydrous ammonia pipeline system was 
under construction at the end of 1968. 
It was scheduled to begin operation during 
the summer of 1969. Built to transport 
ammonia from the major producing areas 
of the Texas and Louisiana gulf coast 
to consuming centers in Iowa, Illinois, 
Nebraska, Indiana, and Missouri, the new 
line, varying in diameter from 6 to 10 
inches, will be known as the Gulf Central, 
and generally will run parallel to the 
Mississippi River, 50 to 100 miles to the 
west. More than 1,800 miles of line will 
be involved although the main northbound 
10-inch trunk, from Alexandria, La. to 
Hermann, Mo., will be 548 miles long. 

Owners of the Gulf Central line were 
listed as the Gulf National State Bank 


of Houston, Tex.; Cabot Corporation of 
Boston, Mass.; Loeb, Rhoades and Co., 
New York; and a subsidiary of the Atchi- 
son, Topeka and Santa Fe Railway. 

The  Coast-Midwest Pipeline Corp., 
formed in 1967 by several large petroleum 
and chemical companies, was studying the 
feasibility of another common carrier line 
from Lake Charles, La., to Midwestern 
areas. 

Experiments also were under way in 
1968 to determine the feasibility of shipping 
fertilizer solutions through regular petro- 
leum products pipelines under the batch- 
ing system normally used. Allied Chemical 
and Williams Brothers shipped at least 
one 25,000-barrel (42-gallon) batch over a 
131-mile segment of line between Nebraska 
City and Doniphan, Neb.‘ 

Another cost-saving step was the grow- 
ing use of ever larger liquid ammonia 
storage tanks and the enlargement of 
terminals. Hawkeye Chemical Company 
began construction, at Clinton, Iowa, on 
the Mississippi River, of a $1-million 
storage tank which would hold 30,000 
short tons of ammonia and would at least 
double the availability of ammonia at that 
point, in the heart of the Iowa-Illinois 
corn belt. Hawkeye also operates a 140,000- 
short-ton-per-year synthetic ammonia plant 
at Clinton. 

At Sioux City, Iowa, the Borden Chemi- 
cal Co. completed another 30,000-short- 
ton ammonia facility on the Port Neal 
Industrial Area. It was stated that this 
terminal would service Borden's customers 
in Iowa, Minnesota, South Dakota, and 
Nebraska. 

Still a third 30,000-short-ton tank ter- 
minal, which would keep ammonia liquid 
at — 28° F, was under construction for the 
W. R. Grace Agricultural Chemicals Group 
at Fort Dodge, Iowa. 

In another direction, a 72,000-short-ton- 
per-year ammonium sulfate plant using 
natural gypsum was on the drawing board 
in 1968 and intended for construction 
somewhere in California. The project was 
being prepared by the Power-Gas Cor- 
poration of America, a subsidiary of Power- 
Gas, Ltd., of Great Britain. 


4 “Nitrogen” Magazine. No. 651, January- 
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Peat 


By Joseph J. Gallagher ! 


Domestic peat production rose 0.3 per- 
cent in 1968, continuing the upward trend 
begun in 1965. Michigan, the largest pro- 
ducer, accounted for 39 percent of the 


million and an average price of $11.68 per 
short ton were new highs. Imports were up 
2.4 percent. The U.S.S.R. produced ap- 
proximately 99 percent of the estimated 


output. Commercial sales totaling $7.2 world output of 211 million short tons. 
Table 1.—Salient peat statistics 
1965 1966 1967 1968 
United States: 
Number of opnerationg. ------------------- 146 144 131 185 
Production short tons.. 604,082 611,085 617,172 618,995 
Commercial esales -2.2-2 -22-an do.... 680,746 605,858 619 ,687 619,161 
Value of sales thousands.. $6,080 $6,501 $6,768 $7,230 
Average per ton $10.07 310.73 310.92 $11.68 
Imports ß E SEAE short tons.. 275,462 293,843 280, 842 287, 600 
Available for consumption I. do.... 879,208 899,701 900, 529 906 , 761 
World production thousand short tons.. 201,626 224,041 218,576 211,222 
1 Commercial sales plus imports. 
PRODUCTION 


The 0.3-percent increase in the produc- 
tion of peat resulted from continued strong 
demand for its use in soil improvement. 
The output was 75 percent larger than 
the average quantity produced during the 
base years 1957 to 1959. Increases in 
production in Florida, Illinois, New Jersey, 
Michigan, Colorado, Maryland, and Wis- 
consin more than offset decreases in 17 
other States. 

Michigan continued to be the principal 
producer of peat, with 25 operations and 
39 percent of domestic output. Michigan’s 
production increased 3.7 percent above that 
of 1967, with one less plant in operation. 
The other major producing States, in 
order of magnitude, were Illinois, New 
Jersey, Florida, Washington, Pennsylvania, 
Indiana, Colorado, New York, Minnesota, 
and Ohio. All told, 25 States produced 
peat in 1968. 

Individual operations increased from 131 
to 135, but the average production per 
plant declined from 4,711 tons in 1967 to 
4,985 tons. Nearly 80 percent of the plants 


produced less than 5,000 tons in 1968, 
accounting for only one-fourth of the total 
output. Plants producing between 5,000 
and 25,000 tons per year accounted for 44 
percent of the total, and the four largest 
plants, producing in excess of 25,000 tons, 
were responsible for the remaining 31 
percent. 

Fifty-five percent of the total peat pro- 
duction was reed-sedge peat, 28 percent 
was moss peat, and the remaining 17 
percent was humus. This represents a 
production increase of 8 percentage points 
for reed-sedge and moss peats, but a de- 
crease of 8 points for humus. Sixty-two 
percent of the peat output was produced 
by cultivation methods, and 82 percent 
was processed by shredding and/or artifi- 
cial drying before it was marketed. 

Although methods of production varied, 
almost all the peat was extracted with 
machinery. Most of the harvesting equip- 
ment consisted of conventional earth-mov- 


Supervisory industry economist, Division of 
Mineral Studies. 
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Figure 1.—Production, imports, and available supply of peat in the United States. 


ing and excavating machines, including were used. Processing machinery included 
power shovels, clamshells, draglines, bull- a variety of shredders, pulverizers, hammer- 
dozers, and front-end loaders. Some special- mills, grinders, screens, hydraulic presses, 
ized machines, such as harvesters, cultiva- and artificial dryers. 

tors, milling machines, ridgers, and scrapers, 


Table 2.—Peat produced in the United States in 1968, by kinds 


(Short tons) 
Processed 
Kind Unprepared | ——ñxXWo!üu Total 
Shredded Kiln-dried Shredded and 
only kiln-dried 

MO eT 45,787 1 1,760 170, 635 
Reed-s edge 34,367 303,037 0 340, 604 
TR "DEET Ee 28,720 15,193 500 3,343 107, 756 


N 108,874 501,318 3,700 5,108 618,995 


PEAT 


797 


Table 3.—Production and commercial sales of peat in the United States in 1968, by States 


Commercial sales 


State Active Production Value 
plants (short tons) Short 
tons Total Average 
(thousands) per ton 
California. ..................- 3 W 
Colorado... cuizozece cse ua 17 28,457 28,457 $250 $8.79 
Floridas I RARE 11 41,213 41,218 277 6.72 
Georgia 2 W W W 
Idaho... A 1 W W W 
Mines. cese Lez 7 61,520 61,520 867 14.10 
Indiana 6 29, 698 38,768 557 14.37 
IOWB. EE 2 W W W 
Malle. eme cerae 2 W W 
Marylanß dd 2 6,161 5,554 94 16.94 
Massachusetts 11 W W 
Michigan 125 243,125 237,513 2,919 12.29 
Minnesota 7 7,2 6,4 96 15.01 
Montana....................- 1 W W 
New Jersey.................-- 6 55,786 55,786 621 11.18 
New Mexico 1 446 446 10.00 
New York 14 14,380 14,888 158 10.27 
North Dakota. 1 W W 
99999 ³² A quad max 111 6,488 6,506 94 14.42 
Oegeens sud 1 860 860 11 29.48 
Pennsylvania 9 88,4083 85,806 385 10.74 
South Carclina...............- 1 W 
Vermont! 1 W W W W 
Washington 11 40, 440 40, 440 159 8.93 
Wisconsin 2 1,902 153 80. 40 
Tell!!! incluse 185 618,995 619,161 7,230 11.68 
W Withheld to avoid disclosing individual company confidential data; included in total. 
1 Excludes 1 plant which had sales, but did not produce. 
Table 4.—Relative size of peat operations in the United States 
1967 1968 
Size Active plants Production Active plants Production 
Num- Percent Short Percent Num- Percent Short Percent 
ber of total tons of total ber of total tons of total 
Under 500 tons 21 20.6 5,163 0.8 30 22.2 6,583 1.0 
500-999 tons 18 18.7 12,088 1.9 17 12.6 11,035 1.8 
1,000—4,999 tons 53 40.5 118,252 19.2 59 43.7 135,980 22.0 
5,000-14,999 tons 26 19.8 229,510 37.2 20 14.8 176, 980 28.6 
15, 000-24, 999 tons 3 2.8 64,143 10.4 5 8.7 93,717 15.1 
Over 25,000 tons 4 3.1 188,071 30. 5 4 3.0 194,750 81.5 
Totaal 181 100. 0 617,172 100.0 135 100.0 618,995 100.0 


CONSUMPTION AND USES 


The 526-ton decrease in producers' sales 
of domestically produced peat was more 
than offset by an increase of 6,758 tons 
in imports in 1968, which placed 6,232 
tons more than the 1967 amount on the 
market. 

Eighty-nine percent of the peat marketed 
by domestic producers was sold for soil 
improvement. The principal buyers were 
nurseries and greenhouses; landscape gar- 
deners and contractors; and garden, hard- 


ware, variety and chain stores. The remain- 
ing 11 percent was sold primarily to pack 
flowers and shrubs and for potting soils 
and mixed fertilizers. The amount sold for 
packing flowers and shrubs increased in 
1968 to nearly four times the 1967 sales’ 
level. No peat was reported sold for fuel 
or energy use. 

About one-half of the peat was sold in 
bulk, and the remainder was marketed in 
packages. Bulk sales were down from the 
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1967 level by nearly 6,000 tons, but pack- 
aged sales were up by more than 5,000 
tons. Commercial sales were 81 percent 
greater than the average quantity sold from 
1957-59. Of the total packaged sales, more 
than two-thirds was reed-sedge peat, and 
Michigan produced more than one-half of 


this. Most of the remaining packaged peat 
was produced in Indiana, Illinois, New 
Jersey, and New York. Detailed State data 
on bulk and packaged sales are not shown 
in order to avoid disclosure of individual 
company info:mation. 


Table 5.—Commercial sales of peat in the United States in 1968, by kinds and uses 


(Thousand short tons and thousand dollars) 


ge Moss Reed-sedge Humus . 
se = 
Quantity Value Quantity Value Quantity Value 
Bulk: . 
Soil improvement 54 $482 131 $963 60 $480 
Other uses - 15 94 18 118 25 198 
Stall hese oe 69 576 144 1,082 85 678 
Packaged: a 
Soil improvement 80 1,869 206 2,606 21 297 
Other uses (2) 4 9 408 6 217 
Total 1|. uc ee 80 1,372 215 8,009 26 518 
— üł—ͤẽ—5rsĩü ͥ.ñ... —ͤ— iQ ͥ — . — —— 
Total: | 
Soil improvement........... 184 1,850 837 3,570 81 777 
Other uses 15 98 22 522 30 415 
Grand total II. 149 1,948 359 4,091 111 1,191 


1 Data may not add to totals shown because of independent rounding. 
2 Less than 14 unit. 


Table 6.—Commercial sales. of peat in the United States in 1968, by uses 


(Thousand short tons and thousand dollars) 


e In bulk In packages Total ! 
se 
Quan- Value Quan- Value Quan- Value 
tity tity tity 
Soil improvement 245 $1,925 307 34,271 552 $6,196 
Potting Sleigh 7 51 10 413 17 464 
Packing flowers, shrubs, ete. )J PERTH 87 284 2 25 38 309 
Seed inoculan tt... (3) 4 2 185 8 190 
Mushroom bed 4 899 8 4 89 
In mixed fertilizers- ..........................- 6 Boy ieee, deb dL 6 82 
lr 298 2,936 821 4,895 619 7,230 
1 Data may not add to totals shown because of independent rounding. 
2 Includes small amount sold for earthworm culture. 
3 Less than 1⁄4 unit. 
PRICES AND SPECIFICATIONS 
The average per ton value of domesti- $7.84 per ton; however, prices ranged 


cally produced peat sold in 1968 rose $0.76 
to a new high of $11.68 per ton, f.o.b. 
plant. The total value of commercial sales 
reached $7.23 million, also a record high. 
Peat prices at individual plants varied 
greatly, depending upon the kind of peat, 
the amount of processing, and the pack- 
aging. The average value of bulk peat was 


from an average of $13.33 per ton for peat 
used in seed inoculant to $7.43 per ton for 
peat used in potting soils. The same situa- 
tion applied to packaged peat, which aver- 
aged $15.25 per ton, but which ranged in 
price from $13.90 per ton for peat used in 
general soil improvement to $83.07 per 
ton for peat sold as seed inoculant. 


PEAT 


Imported peat was valued at $12.8 mil- 
lion, an increase of 4.3 percent over the 
1967 total. This value, established at the 
port of embarkation, was approximately 
equal to prices paid by importers, less 
transportation and other miscellaneous 
charges. In some cases, ocean freight and 
other nondutiable charges, such as insur- 
ance, may have been included inadvert- 
ently. The average value of imported peat 
was $44.56 per short ton, $0.85 higher 
than the average in 1967. Most of the in- 
crease was attributable to the higher values 
of. peat imported from Canada and West 
Germany. 

The short-ton price of imported peat was 
about 3 times that of packaged, domesti- 
cally produced peat. The values are not 
comparable, however, because they were 
determined at different marketing levels. 
In addition, imported peat has physical 
properties different from most of the peat 
produced in the United States, and it is 
usually sold by volume rather than by 
weight. Each 100 pounds of a typical air- 
dried imported peat will measure about 12 
bushels, whereas the same quantity of a 
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typical domestic peat will measure 3 or 4 
bushels. Only a few U.S. operations pro- 
duce and sell peat with properties similar 
to those of the imported kind. 

Peat is broadly classified as moss peat, 
reed-sedge peat, and humus in the United 
States. Moss peat was formed largely from 
sphagnum, hypnum, or other mosses. Reed- 
sedge peat originated principally from 
reeds, sedges, and similar swamp plants. 
In both of these types of peat, the plant 
remains can be identified. Humus includes 
all peat that is too decomposed for identifi- 
cation of its botanical origins. The Federal 
Trade Commission regulates the labeling 
and marketing of all peat sold in the 
United States. Peat sold to the Federal 
Government is subject to specifications 
developed by the Federal Supply Service, 
General Services Administration. The latest 
specification, Q-P-166e, effective May 10, 
1961, is in general conformity with the 
aforementioned classification system; how- 
ever, the moss type is subdivided into 
two groups called “sphagnum-moss peat" 
and “other moss peats.” 


FOREIGN TRADE 


Imports in 1968 were 2.4 percent larger 
than those in 1967 and the second highest 
on record. The increase was due almost 
entirely to larger shipments from Canada, 
which remained the principal source of 
foreign peat, supplying 90 percent of the 
287,600 tons imported. Practically all of 
the remainder came from Europe, except 
for nearly 6,000 tons shipped from Trini- 
dad and Tobago, but imports from Europe 
declined 29 percent, principally because of 
the smaller shipments from West Germany. 
Of the European shipments, West Germany 
supplied nearly two-thirds of the total, 
while Ireland, the Netherlands, Poland, and 
Sweden supplied most of the balance. 


Imported peat was classified by use into 
two grades: Poultry and stable, and fer- 
tilizer. Of the total, 99.4 percent was 
fertilizer grade, which entered the United 
States duty free. A duty of $0.25 per long 
ton was levied on poultry-and-stable-grade 
peat. No data were available on the ulti- 
mate uses of the imported peat; presum- 
ably, however, poultry and stable grade was 
used for animal and poultry litter, and 
fertilizer grade was used in soil improve- 
ment. 

The bulk of the imports entered the 
United States through the Ogdensburg and 
Buffalo, N.Y., Seattle, Wash., St. Albans, 
Vt., Detroit, Mich., and Pembina, N. Dak. 
customs districts. 
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Table 7.—U.S. imports for consumption of peat moss, by kinds and by countries 


Poultry and Fertilizer grade Total 
stable grade 
Country —— — 
Short Yalue Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands sands) sands 
1967 

rh, E, Gss os aridus $ 46 
ET, TEEN 3,272 $172 247,155 10,849 250, 427 11,021 
Di: ĩðſĩ y eee. sm Ossa 936 30 936 30 
Fl ¹¹ ie eee 13 1 76 9 89 10 
Germany, West 269 13 22,005 890 22,274 908 
MONG o 2o ³ðAA ⁰ eel Cus 40 2 701 84 741 86 
/ô1v A cde EE 7 J;ͤͤͤ 7 1 
Netherlands sss ss „d 247 10 247 10 
%% m ͤ J A suu: Gus 64 14 64 14 
Poland- Ä§öêÜ1 ³ ] y Diere Gaium 5, 285 209 5,285 209 

SS ͥ % ‚·»Z»A³AAA. ³=mA h == doxes chases 726 41 726 
// ˙¹ꝛe»»Aͤ 3,601 189 277,241 12, 088 280, 842 12,277 

1968 

CUC ↄ ↄ T ³² q q ³⁰ AA ³ AA vado 55 4 55 
e . aenceues 1,428 87 258,771 11,580 260,199 11,667 

P! ³ð guess 81 5 81 
ermany, Wee 259 12 13,489 551 18,698 568 
!, ³¹ A 38 1 1,024 44 1,062 45 
N ·o· Aim A uut 459 16 459 16 
%%% ͥ ͥ T'!0ſ0ͤ6 ae y 5, 528 228 5,528 228 
Sweden... oc cece ces: 579 32 579 82 
Switzerland... o ³⁰» AAA 44 2 44 2 
Trinidad and TOob ago 5,821 250 5,821 250 
United Kingdom.................... ......-. ....... 74 4 74 4 
// naa 1,725 100 285,875 12,716 287,600 12,816 
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Table 8.—U.S. imports for consumption of peat moss in 1968, 
by grades and by customs district 
Poultry and Fertilizer grade Total 
stable grade 
Customs district Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands sands) sands) 
Baltimore, Md.....................- ....... ------ 1,452 $56 1,452 $56 
Boston, Mass. „ 705 29 705 29 
Bridgeport, Conn 20 1 20 1 
Buffalo, N.Y oos EE 42 $2 28 ,083 1,250 28,125 1,252 
Ft.... ⁰⁰ beeen 363 15 363 1 
Chicago, Hl. fille ncc ifc. 108 5 108 
Detroit, Mick 181 10 42 ,405 1,932 42,586 1,942 
uluth, Minn. 37 1 1,206 48 1,243 49 
Great Falls, Mont..........-........ .-.---- ----.-- 7,167 329 7,167 329 
Honolulu, Hawaii 14 1 6 (1) 20 1 
Henne P 873 37 878 87 
Los Angeles, ‘Calif Sa a S gaa d ß RR 8,054 141 8,054 141 
Miami, Fla. coram ³ð K ĩð ware 757 35 757 85 
Mobile, A TEE 2,212 86 2,212 86 
New Orleans, La. ............-....-- 22 1 2,690 105 2,712 106 
New York, N. Ty 59 2 2,914 148 2,973 150 
Norfolk, va -2-2-22 64 8 1,626 62 1,690 65 
Ogdensburg, N.Y.................... --.---- ------ 66,557 2,738 66,557 2,788 
Pembina, N. Dak.................-. 1,005 66 16,465 683 17,470 749 
PR pau o sua 22 1 1,631 67 1,653 68 
Portlan 1 JJ TOC Deeg ` SCORES 4,089 202 4,089 202 
Portland, Ore......................- 56 ee 8 56 2 
St. Albans, VI. 106 4 44,345 1,804 44,451 1,808 
San Diego, !!!., ee. ée 125 125 4 
San Francisco, Cali 74 466 20 540 24 
8 Un oie ee. A 88 127 7 127 7 
Savannah, Gall... 676 26 676 26 
Seattle, Wash... -2 ------------- 43 46,278 2,488 46,321 2,491 
FC ⁵⁰⁵ A "ordceew. Sueco 9,475 398 9,475 398 
;;ö§é—([L¹ĩA d ee 1,725 100 285, 875 12,716 287, 600 12, 816 


1 Less than Le unit. 
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Table 9.—Peat moss imported from Canada and West Germany for consumption in the 
United States in 1968, by grades and by customs district 


Canada West Germany 
Poultry and Fertilizer Poultry and Fertilizer 
Customs district stable grade grade stable grade grade 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons  (thou- tons (thou- 
sands) sands) sands) sands) 
Baltimore Md... eee DERIZGSG "tee, gasas x aces 595 $25 
Boston, Maass. 86 „ 69 
Bridgeport, Mass. 20 I oe ne ĩðVu ᷣͤ v ⁰ͤ ALI 
Buffalo, N.Y..............-- 42 32 28,083 1:250 ^. usse ee meus 
Charleston, S.C. neu ket eed. oie ] d dy -m˖w‚w:k ³ĩW5A 8 863 15 
Chicago, IIIiliIilIlImIllii. 108. °°. 26) 22552. ele mese ewe eens 
Detroit, Mich..............- 181 10 42,405 I1.999. zcv au cetbcowas 2esce 
Duluth, Minn 1 „206 EN, Gowen eee. uomine ii iud: 
Great Falls, e "ames. oues 7,167 S29; seis, Oo. e Xe esee. Seuls 
Honolulu, Hawaii VV 14 1 6 JJ)! ĩ ͤ v soba 
( ² o y y r areca gel 42 27 
Los 1 Calif... f A +S 1,720 N88 wee 1,217 50 
III RAV. ee E, ⁊ĩðW ] ⅛ h ⅛ ⅛ K y ĩͤ K tee 598 27 
Mobile, Ala 677. p ME T te 91 S 2,099 82 
New Orleans, Laa. 70 4 22 $1 1,855 54 
New York, N.Y l.l e EAR we maae webadeded -.-......[..[ 21 1 ,207 54 
orfolk, c a 64 3 828 32 
Ogdensburg, N. T1 =- 66,557 2.498 e ue wedeaeos, merece 
Pembina, N. Dak........... 1,005 66 16, 465 GNI. iles. ³⅛·¹ ect 
Philadelphia, | ich le, EE 22 1 1,019 43 
Portland, Maine. 4,089 JJ xeu. 88 
Portland, LB Sect ease, ees ects! auaa uri EE 56 TT 
St. Albans, Vr 106 4 44,845 I“ o- Sus 
San Diego, Cali .. 125- öö;ðL 8 
Francisco, GlIil“lk..l..... wemecoo2eR --....... 74 4 417 17 
San Juan, sa e m A A uut, nf ccu. Jae ey acta, | uae ui E 113 6 
Savannah, Ga... ek, eee. ⅛ ͤ ð ß ̃ . ausi tole, meee 620 24 
Seattle, Wash E a thea a oe 43 3 46,278 2488: lloc . . “Sexes 
C tices ees / ³ Ä A foes. Seidoug echoes Bas cece 2,802 91 
NN WEEN 1,428 87 258,771 11,580 259 12 18,489 651 
1 Less than Le unit. 
WORLD REVIEW 


World production of peat in 1968 was 
estimated at 211 million tons, a decrease 
of 3.4 percent from estimated production 
in 1967. 

The U.S.S.R. had the largest production, 
with an estimated output of 209 million 
tons, about 99 percent of the world total. 
Peat has long been used as a major source 
of energy in some areas of the U.S.S.R. 
It is estimated that about one-third of the 
production in 1968 was used for fuel. Most 
of the fuel peat was used for generating 
electric power; however, sizable quantities 
were made into briquets for domestic and 
industrial uses. The major part of the 
Soviet output was used in agriculture for 
soil improvement but large quantities of 
peat were also used in producing peat- 
mineral-ammonia fertilizers, which are 
used widely in place of regular animal and 
chemical fertilizers. 

Ireland is the second largest producer 
of peat, with recent annual production 


estimated around 5 million tons. Exact 
data on output in 1968 were not available. 
Although production was small in com- 
parison with that of the U.S. S. R., peat 
provided a substantial part of Ireland's 
energy requirements, both as a household 
fuel and for generating electric power. A 
large part of Ireland's production was 
exported. 

Information on the total output of West 
Germany, the third largest producer, was 
similarly unavailable, but it was estimated 
that around one-half million tons of peat 
was produced for fuel. More than twice 
this amount probably was produced for 
agricultural purposes in 1968. 

East Germany, the Netherlands, Canada, 
Finland, and Sweden are the other major 
world producers, but data on production 
in some of these countries were not avail- 
able. All, however, probably produced in 
excess of 100,000 tons. The United States 
ranked fourth in world output, which 
amounted to less than 0.5 percent. 
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Table 10.—World production of peat, by countries 


(Thousand short tons) 


Country 1964 1965 1966 1967 1968 p 
Argentina: Fuel. 4 r6 2 NA 
Canada: Agricultural use 255 288 285 r 281 288 
Denmark: Fuel. -2-02-20 44 22 11 11 e6 
Finland: 
Agricultural use NA NA r 143 r 137 e 138 
ENEE r121 r110 er 110 er 110 e110 
France: Agricultural use 52 49 r 64 91 NA 
Germany, West: 
Agricultural use 1,085 1,156 1,250 r 1,202 NA 
)))) EAE ai Ec 773 484 524 r 362 NA 
Hungary: Agricultural use a r 72 r 72 r 72 72 NA 
Ireland: 
Agricultural use 2 31 32 41 NA 
ol PSOE 4,208 r 4,077 4,639 5,175 NA 
Israel: Agricultural use o 1 7 22 22 22 
JaDAD 62 o oculo loei sca aos r 77 r 77 r 77 Tl 77 
Korea, South: Agricultural use 68 118 83 84 e 33 
Netherlands aaan 440 440 440 440 440 
Norway: 
Agricultural use 10 9 9 e9 e9 
Fuel. — ee MA 2 2 2 e2 e2 
Poland: Fuel -.......-...- 110 86 66 45 e 39 
Sweden: 
Agricultural use. 71 r98 r 108 e 99 NA 
)///J!•üüͥ0ͤ0ù PPM EE 158 96 r 96 e 88 NA 
U. S. S. R.: 
Agricultural use ...... - LL ... r 121,254 143,300 r143,300 1143, 300 143, 300 
ATT: PREES ð vy degere E ure E 65,587 r 50, 486 72,091 r 66,859 e 66,139 
United States: Agricultural use 49 604 611 617 619 
Total? EE r 195,081 1 201,626 1 224,041 * 218,576 211,222 
Fuel peat (included in totalj )) r 71,007 r 55,967 r 77, 545 r 72, 154 66,296 


e Estimate. P Preliminary. rR 


vised. NA Not available. 


e 
! In addition, Austria, Canada, Iceland, Italy and Spain produced a negligible quantity of fuel peat. No data 


were available on East Germany, a major producer. 


? Total is of listed figures only. 


TECHNOLOGY 


A British patent describes a method 
whereby the combustion of carbonaceous 
solid fuels is improved by depositing on its 
accessible surfaces a copper compound 
that is convertible during normal combus- 
tion to a nonstoichiometric copper oxide up 
to 800?.* The method may be used with 
raw coal, coke, carbonized coal, or peat. 
The amount of copper compound used 
ranges from 0.05 to 2.5 percent by weight 
of the dry solid fuel, but for economic 
reasons the amount is generally restricted 
to 0.10 percent and preferably to 0.075 
percent. The compounds used are copper 
sulfate, copper oxide, copper hydroxide, or 
copper naphthenate. The solution is sprayed 
on the fuel at or above atmospheric pres- 
sure as it moves along a conveyor. 

Another British patent was issued in 
May 1968 which deals with the use of 
peat in soil amendments.’ The process com- 
prises heating a mixture of 100 parts of 


aqueous, fermentation-spent liquor and 
from 20 to 60 parts of peat having a pH 
factor more than 6 with an amount of 
calcium greater than the base- exchange 
capacity of the peat. The heating tem- 
perature is ordinarily from 100° to 120° 
in a closed vessel. The calcium is added in 
the form of lime or calcium carbonate in 
order to increase the pH factor and to 
permit a greater release of inorganic nitro- 
gen. The mixture of spent liquor and peat 
contains ammonia in an amount not 
greater than the base-exchange capacity of 


? Wilkinson, Herbert C., and Herbert E. 
Blayden, (British Coke Research Association). 
Carbonaceous Solid Fuel Having Improved Com- 
bustion Properties. British Pat. 1,069,288, May 
17, 1967; Chem. Abs., v. 69, No. 4, July 22, 
1968. col. J!996e 
. 3 Kyowa Fermentation Industry Co., Ltd. Peat 
in Soil Amendments. British Pat. 1,111,798, May 
. Abs., v. 69, No. 3, July 15, 1968, 
col. e. 
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the peat. The liquor may come from alco- strong capacity to absorb cations which are 
holic fermentation or preparation of an useful as plant nutrients and to aid filtra- 
amino acid, antibiotic, vitamin, or sub- tion in fixing or absorbing insoluble frac- 
stance related to nucleic acid. Peat has a tions in fermentation-spent liquors. 
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Perlite 


By William C. Henkes! 


Domestic production of crude perlite in 
1968 was 12.5 percent lower than the 
638,000 tons produced in 1967. The total 
quantity sold or used, however, increased 
3.6 percent over that of the previous year. 


Output of expanded perlite was 3.1 per- 
cent higher than that of 1967; quantity sold 
or used increased 2.9 percent, but its value 
increased only 1.0 percent. 


DOMESTIC PRODUCTION 


In 1968, 14 companies operated 19 
mines. Producers used in their own plants 
225,585 tons of crude perlite, nearly 3,000 
tons more than in 1967; the quantity sold 
to expanders was approximately 12,000 
tons more than during the previous year. 

With an output of 491,783 tons, New 
Mexico produced 88 percent of the total 
domestic crude perlite. Arizona ranked 
second. Other producing States, in de- 
scending order of production, were Nevada, 
California, Colorado, Idaho, and Oregon. 
Texas and Utah reported no production 
in 1968. 

During the year 73 companies produced 
expanded perlite at 86 plants, a decrease 
of five companies and five plants. Output 
was 11,320 tons greater than the 351,160 
tons (revised) produced in 1967. The 
Kaiser Gypsum Co., Inc., plant in Seattle, 
Wash., and the Virginia Perlite Corp. plant 
in Hopewell, Va., did not produce ex- 


panded perlite during the year, thereby 
reducing the number of producing States 
to 31. California had nine companies with 
nine operating plants, Illinois had seven 
companies and seven plants, and Texas had 
six companies and six plants. Illinois was 
the leading State in output, followed by 
Mississippi, California, and Texas. 

In August, Pickands Mather & Co., 
Cleveland, Ohio, announced its purchase of 
the Johns-Manville Perlite Corp. plant at 
Joliet, Ill. The plant was originally de- 
signed to process perlite as well as benton- 
ite, vermiculite, and bauxite; it occupies a 
6-acre tract along the Illinois barge canal, 
has several grinding circuits, expansion 
and blending equipment, and 50,000 square 
feet of warehouse space 


ë i Petroleum engineer, Bureau of Mines, Denver, 
olo. 

? Mining Engineering. V. 20, No. 8, August 
1968, pp. 12-18. 


Table 1.—Crude and expanded perlite produced and sold or used 
by producers in the United States 


(Thousand short tons and thousand dollars) 


Crude perlite Expanded perlite 
Used at own 
Sold plant to make ` Total Sold or used 
Year Quantity expanded quantity Quantity 
mined material sold and ro- 

—— — < ——— used uced —y 

Quantity Value Quantity Value Quantity Value 
1964_.......... ........- 427 211 $1,845 189 $1,228 350 820 819 $14,533 
EH %»Oꝛ³f// 502 291 1,731 161 1,621 392 848 844 15,391 
19838388 548 198 - 1,799 211 2,108 404 894 894 16,408 
łͤi ( Lec 688 190 1,802 228 2,171 413 351 350 15,115 
1968- ere 558 202 1,975 226 2,246 428 362 360 15,265 
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Table 2.—Expanded perlite produced and sold by producers in the United States 


1967 1968 
State Quanti Sold or. used ere | Sold or used 
produ produc 
(short Quantity Value Average (short Quantity Value Average 
tons) (short (thou- value tons (short (thou- value 
tons) sands) per ton tons) sands) per ton 

California 17,630 18,020 $1,223 $67.87 89,270 89,360 $1,116 $328.36 
Florida 8,720 7, 900 589 68.28 9,700 8,590 598 69.68 

Illinois (1) 1 2,660 (1!) (1) I 2,919 89 
Kansas 880 880 67 76.14 900 930 80 6.42 
Maryland. .......... 7,890 6,700 (1) (1) 7,080 6,820 457 72.39 

New Jersey.........- 5,590 6,320 881 60.28 1) 1 () (1) 
New York 6,180 6,200 975 60.48 5,120 5,120 295 57.52 

Gio cts 9,290 9,290 728 78.36 7,750 7,750 (4) 92 

Oregon 470 470 (2) (2) 0 540 40 4.87 
Pennsylvania 13, 100 13, 070 959 73.37 12, 170 12,290 869 70.68 

[cT ABE 39,690 89,600 2,329 58.81 (2) (2) (à 
Other Eastern States 3. * 187, 640 r 187,550 8,976 734.16 198,840 198,210 4,756 *88.20 
Other Western States 5 54,080 53,550 1,878 35.07 86,110 86,330 4,184 47.89 
Total 3. r 951,160 * 349,540 15,115 *42.24 362,480 360, 430 15,265 42.35 


Revised. 
1 Included with Other Eastern States.“ 
2 Included with Other Western States.“ 


š Includes Georgia, Illinois (1967, 1968 quantity), Indiana, Kentucky, Maryland (1967 value), Massachu- 
setts, Michigan, Mississippi, New Hampshire, New Jersey (1968), North Carolina, Ohio (1968 value), Tennes- 


see, Virginia (1967), and Wisconsin. 


ed on quantity of 200,960 tons (193,210 roy Eastern States'" plus 7,750 from Ohio) and value of 


1 Bas 
$7,675,820 ($4,756,120 “Other Eastern States'' 
5 Includes Arizona, Colorado, Idaho, Iowa, 


lus $2,919,200 for Illinois). 
ouisiana, ‘Minnesota, Missouri, Nebraska, Nevada, Oregon 


(1967 value), Texas (1968), Utah, and Washington (1967). 
¢ Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Consumption and uses of expanded per- 
lite as reported by the producers are shown 
in table 3. Insulation board and building 
plasters continued to be the principal uses 
for this commodity. Among the “Other 
uses” are refractories, roof insulation, tex- 


turing, cryogenics, and paint additives. 
During the year, numerous U.S. and 
foreign patents were issued for processes 
involving perlite; most of them were for 
refractory, insulation, and agricultural use. 


PRICES 


The average value of crude perlite sold 
to expanders was $9.78 per ton, $0.30 per 
ton higher than in 1967. Crude perlite 
used by producers in their own plants was 
valued at $9.95 per ton compared with 
$9.74 per ton in 1967. The average value 
of crude perlite sold and used was $9.87 
per ton, $0.25 higher than in 1967. 

Expanded perlite was valued at an aver- 
age of $42.35 per ton compared with 
$42.24 in 1967. Values, however, ranged 
from $22.25 to $99.47 per ton. 


Table 3.—Consumption and end-uses of 
expanded perlite 


(Percent) 
Use 1967 1968 
Insulation board...................-. (1) 94 
Building plasterrr 81 28 
Filter aid . 222.04 62262 clc — 18 19 
Concrete aggregate ------------ 8 9 
Loose fill insulation 5 8 
Soil conditioning 8 3 
POP soo lco222axliwle£lesugn Wed e 2 2 
Filtet EE Hu (3) 
hr ³ꝛ·wmj 5m 8886 33 1 


1 Included in Other.“ 
2 Less than 0.5 percent. 
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Czechoslovakia.—An expanded perlite 
plant is scheduled to be built at Malesica, 
near Prague, by the company, Keramicke 
Zavody Kosice. Using crude perlite im- 
ported from the Soviet Union, the plant 
will have an annual capacity of 75,000 
cubic meters of expanded perlite, when 
operations commence in 1970. 


Greece. Production of crude perlite in 


Greece in 1968 was 142,200 tons.“ 


Mexico.—In 1968 Mexico reported per- 
lite production of 10,945 tons valued at 
$39,700° compared with 11,654 tons in 
1967; 1966 output was 11,128 tons.“ 


United Kingdom.—Output of perlite in 
Northern Ireland in 1968 was 78 tons 
valued at $125; comparable figures for 


1967 were 130 tons valued at $272.* Johns- 
Manville Co. Ltd., at its plant at Hessle, 
near Hull, produced expanded perlite 
aggregates in particle sizes ranging from 
0.01 inch to / inch. The products, used in 
a wide variety of insulation needs, were 
manufactured from crude perlite imported 
from Greece.“ 


3Industrial Minerals (London). No. 14, No- 
vember 1968, p. 31. 

t U.S. Embassy, Athens, Greece. State Dept. 
Airgram A-166, May 3, 1969, p. 3, encl. 1. 

5 Converted at the rate of 1 Mexican peso 
(Mex. $) equals U.S. $0.08. 

€ U.S. Embassy, Mexico, D. F., Mexico. State 


Airgram A-250, May 8, 1969, p. 6, 


equals US$2.40. 

8 U.S. Consulate, Belfast, North Ireland. State 
Dept. Airgram A-27, Mar. 26, 1969, p. 2, encl. 1. 
Value conversion for 1967 was at the rate of 
£1 = US$2.80. 

? Industrial Minerals (London). No. 3, Decem- 
ber 1967, p. 28. 
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Crude Petroleum and 


Petroleum Products 


By James G. Kirby ! and Betty M. Moore ? 


The 5.8-percent gain in the demand for 
petroleum in 1968 was the highest on 
record since 1955. The total demand ° for 
all oils averaged 13,314,000 barrels daily 
with domestic demand increasing 804,000 
barrels daily, or 6.5 percent. Even the ex- 
port market for petroleum showed surpris- 
ing strength. Although below the high 1967 
level resulting from the Suez crisis, exports 
were above the normal trend. Crude oil 
production in the United States averaged 
9,096,000 barrels daily, a gain of 286,000 
barrels daily. 

While the gain in production was not 
unusually high, the significant difference 
was that Alaska and California accounted 
for half of the increase. Alaska also received 
prominence during 1968 when huge re- 
serves of petroleum were discovered on the 
north slope adjacent to the Arctic Ocean. 
Estimates of the potential of these reserves 
range from 5 to 10 billion barrels of crude 
oil. Studies are underway to determine 
methods of getting this oil to the consum- 
ing markets under the severe hardships 
created by the Arctic weather. 

Demand by Product.—Gasoline.—The 
6.4-percent increase in the domestic demand 
for motor gasoline in 1968 offset the lower 
increase of 1967 and restored the normal 
growth trend to 4 percent. Although the 
changeover from propeller driven (gasoline 
fueled) aircraft to jet aircraft is about 
completed by the commercial airlines; it is 
still continuing in private fleets operated 
by companies. The decrease in demand for 
aviation gasoline was only 7.8 percent com- 
pared with 14.3 percent in 1967. 

Distillate Fuel Oil—January, February, 
and December are the highest demand 
months for distillate fuel oil, and all three 


were much colder than normal in 1968. 
Along with this was the 4.4-percent growth 
in industrial activity in 1968, resulting in 
a 5.1-percent increase in the domestic de- 
mand for distillate fuel oil. The relaxing 
of import controls on No. 4 distillate fuel 
oil permitted this fuel to be substituted for 
residual fuel oil in east coast areas where 
sulfur content of fuels is restricted. 

Residual Fuel Oil.—The 4.0-percent in- 
crease in domestic demand for residual fuel 
oil was due to increased use by the electric 
utilities. Colder than normal weather and 
increased industrial activity usually benefit 
both residual fuel oil and distillate fuel oil. 
Natural gas and distillate fuel oils appar- 
ently made inroads into the industrial and 
heating oil markets for residual fuel oil in 
areas where air pollution control limits 
sulfur content of fuels. The total demand 
for residual fuel oil in 1968 was 1,912,000 
barrels daily including exports of 54,000 
barrels daily and domestic demand of 
1,858,000 barrels daily. 

Kerosine.— The domestic demand for 


1Industry economist, Division of Mineral 
Studies. 

2 Statistical assistant, Division of Statistics. 

3 Certain terms used in this chapter are more 
or less unique to the petroleum industry. Princi- 
pal terms and their meaning are 

Total demand.—4A derived figure representing 
tota] new supply plus decreases or minus in- 
creases in reported stocks. Because there are 
substantial secondary and consumers' stocks that 
are not reported to the Bureau of Mines, this 
figure varies considerably from consumption. 

Domestic demand.—Total demand less exports. 

New supply of all oils.—The sum of crude 
oil production plus production of natural gas 
liquids, plus benzol (coke-oven) used for motor 
fuel and other hydrogens, plus imports of crude 
oil and other petroleum products. 

Transfers.—Crude oil conveyed to  fuel-oil: 
stocks without processing, or reclassification of 
products from one product category to another. 

ll oils.—Crude petroleum, natural gas liquids, 
and their derivatives. 
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Table 1.—Salient statistics of crude petroleum, refined products, 
and natural gas liquids in the United States 


(Thousand 42-gallon barrels unless otherwise indicated) 


1964 
Crude petroleum: 
Domestic production (including 
lease condensate).............-- 2,786,822 
World production. ..............- 10,311,134 
U.S. proportion .... percent... 2 
Exports 111. 1,363 
Imports 27 438 , 648 
Stocks, yearend. ................. 280 , 057 
Runs to stills 8 ,228 ,829 
Value of domestic product at wells: 
"Total. thousands.. $8,017,078 
Average per barrel $2 .88 
Total producing oil wells Dec. 81 588,225 
Total oil wells completed during 
a successful wells) 20,620 
Refined products: 
Exports 1... . -M 72, 516 
Imports 388,093 
Stocks, yvearend l 573,499 
Completed refineries, end of year 300 
Daily erude- oil capacit ` ` 10, 775 
Natural gas liquids: 
Production 422,471 
Stocks, end of year 85,679 
All oils: 
Total demand...................- 4,032,382 
e ERE EOS A 73, 
Domestic demand...............- 8,958,503 


P Preliminary (except for crude production and value). 


1U.S. Department of Commerce data. 


1965 1966 1967 1968 » 
2,848,514 8,027,768 3,215,742 3,329,042 
11,058,462 12,019,964 12,878,486 14,083,717 
26 25 25 24 
1,097 1,477 r 26,541 1,802 
452,040 447,120 411,649 472,328 
220,289 288,391 248,970 272,193 
8,800,842 8,447,193  À3,582,594 8,774,360 
$8,158,298 $8,726,423 $9,875,727 $9,794,826 
2.86 .88 2.92 $2.94 
589,203 583,302 r 565,289 553,920 
18,761 16,780 15,329 14,342 
67,191 70,928 r 85,519 83, 379 
448,732 492,042 r 514,342 566, 074 
580, 188 602,291 r 629,399 649,439 
286 281 291 NA 
10,493 10,760 11,538 NA 
441,556 468,635 514,456 560,311 
85 , 867 40,423 65,742 71,940 
4,198,746 4,397,469 74,593,270 4,872,804 
,288 72, 400 r 112,060 „181 
4,125,458 4,825,069 4,481,210 4, 787, 629 

r Revised. NA Not available. 


2 Bureau of Mines data for crude oil and unfinished oils. 
3 U.S. Department of Commerce data, except for unfinished oils. 
* Stocks of refined products also include stocks of unfinished oils, natural gasoline, plant condensate, and 


isopentane. 


kerosine averaged 282,000 barrels daily in 
1968, an increase of 2.9 percent. This was 
the highest demand for kerosine for use 
other than as jet fuel since 1959. 

Jet Fuels—While the increase in the 
demand for jet fuels was not as high as in 
1967, it amounted to 128,000 barrels daily, 
or 15.5 percent. The demand for naphtha- 
type jet, which is generally used by the 
military, averaged 346,000 barrels daily, 
an increase of 13.4 percent, while the de- 
mand for kerosine-type jet was 606,000 
barrels daily, up 16.8 percent from 1967. 

Liquefied Gases.——The total demand for 
liquefied gases in 1968, including that used 
for fuel and chemicals, was 1,083,000 
barrels daily and included exports of 29,000 
barrels daily. More detail on liquefied gases 
can be found in the Natural Gas Liquids 
Chapter. 

Other Products.—The total demand for 
all other products including crude oil ex- 
ports and losses and refinery overage in 
1968 averaged 1,366,000 barrels daily, an 
increase for the year of only 1.2 percent. 


Domestic demand increased 6.6 percent, 
but crude oil exports returned to the usual 
level of 5,000 barrels daily in 1968 in con- 
trast to the level of 73,000 barrels daily 
that resulted from the Middle East crisis 
in 1967. The total demand for miscellane- 
ous oil, which includes various specialty 
oils, increased 11.8 percent to 18.9 million 
barrels; petrochemical feedstock demand 
was up 10.1 percent despite a decline in 
exports; the increased industrial activity 
during 1968 spurred the demand for special 
naphthas upward by 8.2 percent and lubri- 
cating oils, 5.8 percent. There were no 
delays in the release of Federal funds for 
interstate highway construction such as 
occurred in 1967 so that the demand for 
asphalt and road oil increased 7.2 percent 
in 1968 compared with a 2.2-percent de- 
cline in 1967. Despite a decline in the ex- 
port market, the demand for wax increased 
7.0 percent in 1968. Refinery use as fuel 
accounted for 57 percent of the total de- 
mand for petroleum coke in 1968 and was 
3.7 percent higher than in 1967; exports, 
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which represent 20 percent of the demand, 
increased 19.8 percent in 1968, while other 
uses for petroleum coke declined 3.2 per- 
cent. The demand for petrochemical feed- 
stocks continued to increase rapidly during 
1968, with a gain of 10.1 percent for the 
year. Refineries utilized 149,796,000 barrels 
of still gas for fuel in 1968 and had a 
refinery overage of 116,691,000 barrels. 


Shipments to U.S. Territories and Posses- 
sions.— Domestic demand, as defined in this 
chapter, refers to demand in all States of 
the United States. Shipments from the 
United States to its territories and posses- 
sions are included with exports and ship- 
ments from territories and possessions to 
the United States are included in imports. 
Imports into and exports from territories 
and possessions are not included in the 
foreign trade data contained in this chapter. 


Scope of Report.—The data presented in 
this chapter are limited to the United 
States to permit a breakdown and balanc- 
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ing of supply and demand of operations 
by States and districts. The composition of 
the districts used by the Bureau of Mines 
is explained in the next section. 

The increasing volume of natural gas 
liquids recovered from natural gas has made 
it desirable to present data on these liquids 
with crude oil data, as these liquids are 
blended with refinery products and are 
similar to materials recovered from refinery 
gases. These natural gas liquids are re- 
covered at natural-gas processing plants, 
away from the oil refineries. 

The Bureau of mines uses crude-oil pro- 
duction data compiled by State agencies 
for those States which compile the informa- 
tion. Where such data are not available, 
monthly questionnaires are sent to all pipe- 
line companies operating within the State. 
The crude production figure includes field 
condensate. 

Individual refineries reported monthly 
receipts, input, stocks at the beginning and 
end of the month, refinery production, and 


| eer | 


Figure 1.—Supply and demand of all oils in the United States. 
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deliveries. Data are collected on both prod- 
uct stocks at refineries and pipeline and 
bulk terminal stocks. 

Annual canvasses and State agencies pro- 
vide supplemental information on the value 
of crude petroleum at wells, the number of 
producing wells, sales of fuel oils, asphalt 
and road oils by uses, and refinery capacity. 

The table showing world crude oil pro- 
duction by countries is based on reports 
from companies operating in these coun- 
tries, on reports published by these countries, 
or on data supplied by the U.S. Depart- 
ment of State. 

Districts.—The Bureau of Mines reports 


Bureau of Mines 
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production of crude petroleum and natural 
gas liquids and the number of wells drilled 
by States, with data for Louisiana, 
New Mexico, and Texas also reported by 
districts. 

New Mexico has two widely separated 
producing areas. The Southeastern district 
comprises mainly Lea, Eddy, Chaves, and 
Roosevelt Counties. The Northwestern dis- 
trict comprises mainly San Juan, Rio 
Arriba, Sandoval, and McKinley Counties. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to grouping of the Texas Railroad Commis- 
sion districts: 


districts Railroad commission districts 
Gulf Coat. Nos. 2 and 3 
West Texas ... 8 Nos. 7C, 8 and 8a 
East Proper Part of No. 6 (East Texas field in Cherokee, 
Smith, Upshur, Rush, and Gregg) 

Panhandle ~~~ ----_____________ No. 10 
Rest of State: 

North set 8 Nos. 7B and 9 

Central ___ No. 1 

SOUN: EES No. 4 
Other East Texas |... Nos. 5 and 6 (exclusive of East Proper) 
Separate production data are shown for PAD 

the Louisiana Gulf Coast, including the district 


offshore area. 

The Bureau of Mines groups refinery 
operations into another set of districts called 
refining districts. These refining districts 
correspond with the grouping originated 
by the Petroleum Administration for War 
during World War II and called PAW 

districts (later changed to PAD districts). 


PAD 
district 
I—East Coast—District of Columbia 
and Maine, New Hampshire, 
Vermont, Massachusetts, Rhode 
Island, Connecticut, New Jersey, 
Delaware, Maryland, Virginia, 
North Carolina, South Carolina, 
Georgia, and Florida, and the 
following counties of New York: 
Cayuga, Tompkins, Chemung, and 
all counties east and north 
thereof; and the following coun- 
ties of Pennsylvania: Bradford, 
Sullivan, Columbia, Montour, 
Northumberland, Dauphin, York, 

and all counties east thereof. 


Refining districts 


I— Appalachian No. 1—West Virginia 
and those parts of Pennsylvania 
and New York not included in 
the East Coast district. 


II—Appalachian No. 2—The following 
counties of Ohio: Erie, Huron, 
Crawford, Marion, Delaware, 
Franklin, Pickaway, Ross, Pike, 
Scioto, and all counties east 
thereof. 


II—Indiana-Illinois- Kentucky —Indi- 
ana, Illinois, Kentucky, Tennes- 
see, Michigan, and that part of 
Ohio not included in the Appa- 
lachian district. 


II—Oklahoma-Kansas-Missouri—Okla- 
homa, Kansas, Missouri, Nebraska, 
and Iowa. 


Ii—Minnesota-Wisconsin-North Dakota- 
South Dakota—Minnesota, Wis- 
consin, North Dakota, and South 
Dakota. 


III—Texas Inland—Texas, except Texas 
Gulf Coast district. 
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PAD 
district Refining districts (con't) 

III—Texas Gulf Coast—The following 
counties of Texas: Newton, 
Orange, Jefferson, Jasper, Tyler, 
Hardin, Liberty, Chambers, Polk, 
San Jacinto, Montgomery, Harris, 
Galveston, Waller, Fort Bend, 
Brazoria, Wharton, Matagorda, 
Jackson, Victoria, Calhoun, Re- 
fugio, Aransas, San Patricio, 
Nueces, Kleberg, Kenedy, Willacy, 
and Cameron. 

III Louisiana Gulf Coast—The follow- 
ing parishes of Louisiana: Ver- 
non, Rapides, Avoyelles, Pointe 
Coupee, West Feliciana, East Feli- 
ciana, Tangipahoa, St. Helena, 
Washington, and all parishes 
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PAD 
district Refining districts (con't) 
south thereof; the following coun- 
ties of Mississippi: Pearl River, 
Stone, George, Hancock, Harri- 
son, and Jackson; and Mobile 
and Baldwin Counties, Ala. 
III—North Louisiana-Arkansas—Arkan- 
sas and those parts of Louisiana, 
Mississippi, and Alabama not in- 
cluded in the Louisiana Gulf 
| Coast district. 
III—New Mexico—New Mexico. 
IV—Rocky Mountain—Montana, Idaho, 
Wyoming, Utah, and Colorado. 
V—West Coast—Washington, Oregon, 
California, Nevada, Alaska, Ari- 
zona, and Hawaii. 


814 MINERALS YEARBOOK, 1968 


PETROLEUM ADMINISTRATION FOR DEFENSE (PAD) DISTRICTS 
XS 
Ç WASH 


0 v. —ꝓ— — 
Ree 


2 


(incl. Alaska - 
and Hawaii) 
( NEv. 


CA ` 
LIF. \ 


d 


r IA. 
ens 
\ , 
` LA. / ' 
) : 


i. 


BUREAU OF MINES REFINING DISTRICTS 


NOLS 


“LU 


ANA 
: KE, 


` 


LOUISIANA 
| GULF COAST 
TEXAS 


GULF COAST 


"a 


Figure 2.—Map of PAD Districts and Bureau of Mines Refining Districts. 
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CRUDE PETROLEUM 


PRODUCTION 


Crude oil production in the United 
States in 1968 was 3,329,042,000 barrels, 
113,300,000 barrels above the 1967 level. 

There was a heavy demand for domestic 
crude oil during the first 4 months of 1968 
when scheduling of overseas imports of 
crude oil was delayed in the hope that 
shipping rates would be lowered to the 
pre-Middle East crisis level. Later, to avoid 
the loss of their import licenses, some of 
which expired July 31, refiners increased 
their imports. The high level of production 
continued through August and with the 
high imports, crude stocks built up. Produc- 
tion was cut back in September and re- 
mained at a low level through the balance 
of the year. Only two States reported gains 
in production in excess of 100,000 barrels 
daily. They were Louisiana, with an in- 
crease of 117,000 barrels daily, and Alaska 
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with 101,000 barrels. Additional data on 
crude oil production, by States, can be 
found in Volume III of the 1968 Minerals 
Yearbook. 


CONSUMPTION 


The total demand for crude oil in the 
United States in 1968 averaged 10.3 million 
barrels daily, of which domestic crude oil 
supplied 9.0 million barrels and foreign 
crude oil 1.3 million barrels. The demand 
for crude oil increased 4.1 percent with the 
demand for domestic crude oil increasing 
2.9 percent and that for foreign crude oil 
increasing 13.8 percent. 


Runs to Stills. Crude runs to stills aver- 
aged 10,312,000 barrels daily in 1968 com- 
pared with 9,815,000 barrels daily in 1967. 


Demand by States of Origin.—Distribu- 
tion of domestic crude oil by refining States 
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Figure 3.— Production of crude petroleum in the United States, 
by principal producing States. 
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Figure 4.— Wells drilled for oil and gas in the United States, by months. 


and districts can be analyzed from receipts 
of crude oil at refineries. When Jong dis- 
tance shipments are involved, various crude 
oils may be mixed in transit or storage and 
identification by origin may be only ap- 
proximate. 


SUPPLY AND DISTRIBUTION 


The total crude oil needed to meet de- 
mand requirements in 1968 was 3,/85 
million barrels. Crude oil production, after 
adjustment for a stock increase, accounted 
for 3,311 million barrels, and imported 
crude oil, adjusted for a stock increase, 
accounted for 467 million barrels. The dif- 
ference, 7 million barrels, was classed as 
“unaccounted for" crude oil. 

In previous years, the Bureau has ad- 
justed supply or demand data for crude 
oil to obtain a balance. While these adjust- 
ments were made in either production or 
consumption items, the difference could 
also have been in the reported stocks. To 
avoid making this arbitrary adjustment, 
data for 1968 and future reports will carry 


an item in supply called ‘unaccounted for 
crude oil." 


PRODUCTIVE CAPACITY 


According to the American Petroleum 
Institute, the maximum crude oil produc- 
tion that could be attained in the United 
States as of January 1, 1969, was 12.1 
million barrels daily. This is based on the 
assumption that such production could be 
achieved in 90 days with existing wells, 
well equipment, and present surface facili- 
ties plus work changes that could be ac- 
complished within that time period. 


WELLS 


Continuing the downward trend, 1,613 
fewer wells were drilled in 1968 than in 
1967. The total number of wells drilled 
in 1968 excluding service wells was 30,621 
compared with 32,234 in 1967. Ten States 
reported increased drilling activity in 1968; 
however, the only States with sizable in- 
creases were Montana with 311 additional 
wells drilled, Louisiana with 297, and 
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Wyoming with 267. Texas reported 1,522 
fewer wells drilled, and in Kansas, drilling 
was off by 172 wells. Offshore wells drilled 
increased from 1,044 in 1967 to 1,433 in 
1968. The total footage drilled in 1968 was 
144,970,447 feet, a gain of 2.6 percent for 
the year. The average footage drilled per 
well in 1968 was 4,738 feet compared with 
4,384 feet in 1967. The approximate num- 
ber of producing oil wells as of December 
31, 1968, was 553,920. 


RESERVES 


The American Petroleum Institute Com- 
mittee on Petroleum Reserves estimated 
proved reserves of crude oil as of December 
31, 1968, to be 30,707 million barrels, a 
decrease of 670 million barrels for the year. 
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Texas reported a decline of 684 million 
barrels, while in Louisiana, reserves in- 
creased 152 million. The Rocky Mountain 
States improved their crude oil reserve 
position with the addition of 80 million 
barrels in Colorado, 57 million in Wyoming, 
and 37 million in Montana. 

The estimate of crude-oil reserves in- 
cluded only oil recoverable under existing 
economic and operating conditions. 

During 1968, potential large reserves of 
crude oil were discovered on the north 
slope of Alaska which have been estimated 
as having a potential of 5 to 10 billion 
barrels. However, the API reserves com- 
mittee did not have sufficient information 
to make a meaningful determination of 
"proved" reserves associated with these 
discoveries. 


REFINED PRODUCTS 


Almost 90 percent of the demand for 
petroleum products is for fuel and power, 
and the balance is used as the base stock 
in the manufacturing of several other prod- 
ucts. Petroleum products used in the trans- 
portation field account for 55 percent of 
domestic product demand, and include, in 
the order of importance, gasoline, jet fuels, 
distillate fuel oils, residual fuel oil, lique- 
fied gases, and lubricating oils. 

Gasoline is consumed principally in high- 
way transport, aviation, mechanized farm- 
ing and power boating. Kerosine (other 
than the straight-run kerosine used as fuel 
in commercial jet aircraft) is used pri- 
marily in space heaters, as range oil, or 
for farm equipment. Distillate fuel oils, 
which include the light diesel fuels, are 
used, for space heating, locomotive fuel, 
industrial use, vessel use, and by the 
military. Residual fuel oil is used primarily 
in electric utilities and for heavy-fuel use. 
Residual fuels usually sell for less than 
crude oil at the refineries. As they are not 
normally moved by pipeline, distribution 
depends on low-cost water transportation 
and limited tank movement. 

Liquefied gases, in competition with kero- 
sine and light distillate fuel oil for domestic 
use, are used as fuel in internal-combustion 
engines and are becoming increasingly im- 
portant as the initial raw material in the 
development of many petrochemicals. 

The total demand for all oils averaged 


13,314,000 barrels daily in 1968, including 
a domestic demand for 13,081,000 barrels 
daily and exports of 233,000 barrels daily. 
On a percentage basis, total demand in- 
creased 5.8 percent, domestic demand in- 
creased 6.5 percent, and exports declined 
24.1 percent. 

The new supply of refined products comes 
from crude oil processed at refineries, 
natural gas liquids, and imports of products 
from foreign companies. The new supply 
exceeded demand, resulting in an increase 
of 32,238,000 barrels to stocks of refined 
products. 


GASOLINE 


The domestic demand for motor gasoline 
in 1968 averaged 5,260,000 barrels daily, 
a gain of 6.1 percent for the year. Aviation 
gasoline continued to lose domestic markets 
to jet fuel, but the decline was only 7.6 
percent, compared with 14.3 percent in 
1967 and 11.7 percent in 1966. Aviation 
gasoline is also losing out in the export 
markets. 

The new supply of motor gasoline in 
1968 was 1,930 million barrels, of which 
1,643 million was produced from crude oil, 
265 million was from natural gas liquids, 
and 22 million was imported. 

Although District III is the principal 
producer of motor gasoline, it consumes 
only 12.9 percent of the U.S. total, the 
balance being shipped to other districts. 
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District II is the largest consuming area, 
using 34.9 percent, and is closely followed 
by District I, which uses 34.5 percent. 
The total consumption figure, 1,923.2 mil- 
lion barrels, is from data compiled by the 
American Petroleum Institute based on tax 
data reported to the States. This differs 
from the domestic demand data compiled 
by the Bureau of Mines because of stock 
changes in secondary storage facilities 
which are not included in the Bureau's 
data. 


KEROSINE 


Kerosine demand, exclusive of that used 
as commercial jet fuel, rallied in 1968 and 
rose 2.9 percent. Demand in 1968 aver- 
aged 282,000 barrels daily, compared with 
274,000 barrels daily in 1967. Undoubtedly, 
the colder weather during the first and 
fourth quarters was responsible for the 
increase since all of the gain occurred in 
these quarters. Most of the additional de- 
mand requirements were met by a reduc- 
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tion in stocks, and at the close of the year 
stocks were reduced to 23.5 million barrels. 


This was the lowest closing stock level since 
December 31, 1950. 


DISTILLATE FUEL OIL 


The domestic demand for distillate fuel 
oil in 1968 averaged 2,357,000 barrels 
daily, a gain of 5.1 percent. Several factors 
contributed to the high growth rate, in- 
cluding colder than normal weather during 
January, February, and December, in- 
creased industrial activity, and the relaxa- 
tion of import controls for No. 4 fuel oil. 
No. 4 fuel oil, being a low-sulfur-content 
fuel oil, can be substituted in areas where 
restrictions have been placed on the use of 
residual fuel oils of high sulfur content. 

Stocks of distillate fuel oil built up 
rapidly during the second and third quar- 
ters of 1968, and by August they were 33.5 
million barrels above those of August 1967. 
Refiners cut back on production by reduc- 
ing the yields, and at yearend stocks were 
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Figure 5. Production, domestic demand, stocks, and exports 
of gasoline in the United States. 
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down to 173.2 million barrels, only 13.5 
million barrels above the December 31, 


1967, level. 
RESIDUAL FUEL OIL 


The growth in the domestic demand for 
residual fuel oil in 1968 was in the east 
and west coast markets and averaged 
72,000 barrels daily. Residual fuel oil use 
by electric utilities in District I increased 
64,000 barrels daily, offsetting the loss in 
the other use categories of 6,000 barrels 
daily. In Districts II-IV, demand declined 
7,000 barrels daily, while electric utility 
use increased 4,000 barrels daily. Demand 
increased 20,000 barrels daily in District 
V, 3,000 barrels were attributed to growth 
in electric utility use, vessel bunkering in- 
creased 8,000 barrels daily, military use 
was up 3,000 barrels daily, and heating and 
industrial use accounted for the balance. 

The new domestic supply of residual fuel 
oil remained about 765,000 barrels daily, 
and imports increased 67,000 barrels daily 
to 1,152,000 barrels. Apparently, utility 
companies on the east coast were able to 
contract for imported residual fuel oil with 
sulfur content low enough to meet regula- 
tions of certain States, counties, and cities 
since they did not curb their use of residual. 
Two large Caribbean refineries are con- 
structing desulfurization units which will 
make available additional supplies of low- 
sulfur residual fuel oil for the east coast 
markets. 


JET FUELS 


The growth in demand for jet fuels con- 
tinued at a rapid pace during 1968. 
Domestic demand was 952,000 barrels 
daily, an increase of 15.5 percent. Accord- 
ing to a Bureau of Mines annual survey, 
shipments of jet fuel for commercial use 
averaged 561,000 barrels daily, an increase 
of 16.4 percent, and shipments for military 
use, including direct imports, averaged 
398,000 barrels daily, a gain of 11.2 per- 
cent. The refiners are not able in some in- 
stances to identify end use, and some kero- 
sine eventually is sold in the kerosine-type 
jet market. 

Imports of jet fuel averaged 102,000 
barrels daily, this includes 90,000 barrels 
daily imported in bond for use by aircraft 
engaged in flights with destinations outside 
the United States. There are no custom 
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duties on these imports, and bonded im- 
ports of such fuels are not subject to import 
control regulations. 


LUBRICANTS 


Offsetting the poor showing for 1967, 
the total demand for lubricants increased 
5.8 percent in 1968 to 66.5 million barrels. 
Exports declined slightly in 1968, but 
domestic demand increased from 44.1 mil- 
lion barrels to 48.3 million barrels. Accord- 
ing to a sales survey by the Bureau of the 
Census, 55 percent of lubricating oil and 
grease sales in 1967 were industrial-type 
lubricants, and 45 percent were automotive 
and aviation type. 


LIQUEFIED GASES, ETHANE, AND ETHYLENE 


Liquefied gases are derived from two 
sources. Those produced at refineries are 
called liquefied refinery gases to distinguish 
them from liquefied petroleum gases pro- 
duced from natural gas. The liquefied 
petroleum gases (LPG) are all saturated 
(propane, butane, etc.). The liquefied re- 
finery gases (LRG) may contain unsatu- 
rated compounds or olefins (propylene, 
butylene, etc.). The olefins are used as 
feedstocks for chemical plants. The satu- 
rated gases may be used as chemical raw 
materials or as fuel. Separate data are 
collected on liquefied refinery gas used as 
fuel and that used as raw material for 
petrochemical feedstocks. Liquefied gases 
are also used in producing gasoline and are 
reported in this chapter as natural gas 
liquids at refineries or as gasoline. Although 
ethane and ethylene are not defined as 
liquefied gases, the statistics on these prod- 
ucts are in some Cases reported with those 
of LPG and LRG. 

The total demand for liquefied gases in 
1968, exclusive of that blended into other 
products at refineries or terminals, was 
396,349,000 barrels. This includes a domes- 
tic demand of 385,741,000 barrels and ex- 
ports of 10,608,000 barrels. 

More detailed information on liquefied 
gases may be found in the chapter on 
natural gas liquids. 


ASPHALT AND ROAD OIL 


There was no delay in Federal funds for 
interstate highway construction programs 
such as occurred in 1967, and new building 
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construction increased substantially, result- 
ing in a 7.2-percent increase in domestic 
demand for petroleum asphalt, and road 
oil. Shipments of asphalt products for 1968 
increased 10.1 percent, with roofing prod- 
ucts up 20.2 percent and paving products 
up 9.7 percent. The shipment data include, 
in addition to the refinery production and 
imports, various emulsifiers and blenders. 
Total shipments for consumption in the 
United States in 1968 were 28,379,000 
short tons. 


OTHER PRODUCTS 


Special Naphthas.—The total demand 
for special naphthas was 29.4 million bar- 
rels in 1968, an increase of 8.2 percent. 
This product is used primarily for paint 
thinners, cleaning agents, and solvents. 

Waxes.—Although exports of petroleum 
waxes continued to decline, domestic de- 
mand increased 12.7 percent, resulting in 
a 7.0-percent rise in total demand to 
5,948,000 barrels. About 26 percent of the 
domestic demand for wax was for use in 
the manufacture of paper containers, 20 
percent was for paper wrappers, 13 per- 
cent was used for candles and novelty 
decorator items, 10 percent was for cor- 
rugated paperboard, and other uses ac- 
counted for the balance. Two projects are 
underway that will, if successful, create 
an additional demand for petroleum wax. 
One is the use of hot melts for carpet 
backing, and the other is for coating paper 
for use as an agricultural mulch to acceler- 
ate plant growth. 


Coke.—The strong export market for 
petroleum coke continued in 1968, with 
exports increasing 20 percent to 3,899,000 
short tons. Refineries used 10,845,000 tons 
for fuel in 1968, including 9,165,000 tons 
that was burned off the catalytic cracking 


TRANSPORTATION 
CRUDE OIL 


A transportation system consisting of 
pipelines, tankers, barges, tank cars, and 
tank trucks moves the crude petroleum to 
refineries for processing. Refineries received 
75.8 percent of their crude oil supply by 
pipeline, 23.0 percent by water, and 1.2 
percent by tank cars.and tank trucks in 
1968. 
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units. Other uses, which include petroleum 
coke with low sulfur content for use in the 
manufacture of electrodes required in the 
electrolytic production of aluminum, de- 
clined about 3 percent. 


Still Gas.—Refiners used 149,796,000 
barrels (921,850 million cubic feet) of still 
gas as fuel in 1968, and 9,844,000 barrels 
was used as petrochemical feedstocks. 


Petrochemical Feedstocks.— The petro- 
chemical industry used 92,935,000 barrels 
of base feedstocks from the petroleum in- 
dustry in 1968, compared with 83,935,000 
barrels in 1967. Exports of petrochemical 
feedstocks declined slightly. 


Miscellaneous Finished Products.—In- 
cluded in this category are a wide assort- 
ment of miscellaneous products of refineries 
and natural gas processing plants, including 
absorption oils, insulating oils, insecticides, 
medicinal oils, petrochemicals, and solvents. 
These products may be sold directly to 
consumers or in bulk to specialty companies 
which package and distribute them under 
various trade names. The demand for mis- 
cellaneous oils was 17,842,000 barrels in 
1968. This was a gain of almost 12 per- 
cent, and offset the 6-percent decline in 
1967. 


Unfinished Oils.—Unfinished oils include 
all oils that will be cracked or further dis- 
tilled at refineries. The rerun (net) of 
unfinished oils represents imports plus or 
minus the change in stocks. 

Imports of unfinished oils are included 
with crude oil under the quota established 
by the Oil Import Administration. By 
regulation, imports of unfinished oils are 
restricted to 15 percent of the crude oil 
and unfinished oils quota in District I-IV 
and 25 percent in District V. 


AND DISTRIBUTION 


The largest domestic market for petro- 
leum is the group of eastern seaboard 
States (PAD district I), while the second 
largest market is in the midwest area (PAD 
district II). Most of the domestic supply 
of crude oil, as well as refined products, 
is obtained from PAD district III. Ship- 
ments of crude oil and refined products 
to other PAD districts from district III 
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in 1968 amounted to 4.9 million barrels a 
day with district I receiving 3.1 million 
barrels, or 62 percent of the total. District 
II received an average of 1.7 million barrels 
a day, or 35 percent of the total shipped 
from District III. ; 

Data collected on receipts of domestic 
and foreign crude petroleum at refineries 
in the United States show receipts from 
local production (intrastate), receipts from 
other States (interstate), and receipts of 
imported crude. These data indicate the 
final receipts by water, pipelines, and tank 
car and truck. Receipts of domestic crude 
by water usually are moved by pipeline 
from the point of production to the point of 
water shipment. 

The total receipts of crude oil at re- 
fineries in 1968 were 3,782.1 million bar- 
rels, an increase of 190.0 million barrels. 
Receipts from domestic sources increased 
129.7 million barrels in 1968, overland 
receipts of foreign crude oil were 22.6 
million barrels higher, and foreign receipts 
from overseas sources increased 37.7 million 
barrels. 

During 1968, refineries processed 3,774.4 
million barrels of crude oil, reported a net 
of 1.1 million barrels used for refinery fuel 
and losses, and added 6.6 million barrels to 
inventories. 

District I produces only 2 percent of the 
crude oil refined in that area, and uses 55 
percent foreign crude oil; District III sup- 
plies 93 percent of the remaining 204 
million barrels of domestic crude oil require- 
ments. This crude oil from District III is 
moved by tankers and barges from the gulf 
coast to the east coast and comprises the 
major portion of waterborne domestic 
crude-oil shipments between PAD districts. 
Some crude oil is shipped from District III 
to District II via the Mississippi River, but 
the quantity is small and will continue to 
decline now that the new Capline Pipeline 
from Louisiana to Illinois is in operation. 
In addition, a large volume of crude oil 
is moved to refining centers by tanker and 
barges within District III and District V. 

District I received 263.9 million barrels, 
or 56 percent of the foreign crude oil 
imported into the United States in 1968, 
and 242.6 million barrels was from over- 
seas origins; the balance was shipped by 
pipeline from Canada to refineries in the 


Buffalo, N.Y. area. 
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A further decline in crude oil production 
in District II and an increasing demand 
made it necessary to bring in an additional 
44.2 million barrels of crude oil from PAD 
districts III and IV and 22.1 million 
barrels more from Canada in 1968. Refin- 
eries within the district received 445.1 
million barrels of crude from production 
within the district, 450.8 million barrels 
from PAD district III, 109.3 million bar- 
rels from PAD district IV, and 78.5 mil- 
lion barrels from Canada. 


PAD districts III and IV are surplus 
crude oil areas and receive only token 
amounts of oil from other districts or from 
foreign sources. 


Because of the increased crude oil pro- 
duction in Alaska and California in 1968, 
PAD district V was less dependent on 
other sources of crude oil. Imports from 
Canada declined 3.8 million barrels, over- 
seas imports were down 7.8 million barrels, 
and receipts from PAD district III and IV 
declined 3.1 million barrels. 


PIPELINES 


As of January 1, 1968, there were 
209,478 miles of pipelines transporting 
crude oil and refined products in the United 
States. This represents a 1,389-mile de- 
cline from the total reported in the previous 
Bureau of Mines survey for January 1, 
1965. Mileage of crude-oil gathering lines 
declined 2,917 miles during the 3-year 
period and crude oil trunklines declined 
1,558 miles. The January 1, 1968, survey 
did not include data for Capline, which 
started operating approximately 630 miles 
of 40-inch crude trunk lines from Louisiana 
to Patoka, Ill, in the summer of 1968, 
nor did it include off-takes from that line to 
Northern Illinois and Kentucky which 
would be at least an additional 340 miles. 
The decline in crude-oil gathering lines 
between 1965 and 1968 reflects the impact 
of the 15,000 fewer crude-oil producing 
wells in operation as of December 31, 1967. 
Larger capacity trunk lines are replacing 
smaller lines. The total mileage of refined 
product pipelines increased 3,086 miles 
between January 1, 1965, and January 1, 
1968. The total crude oil required for pipe- 
line fill in 1968 was 66.9 million barrels, 
compared with 64.9 million barrels in 1965. 
The refined product pipelines required 37.7 
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million barrels for fill in 1968, compared 
with 35.8 million in 1965. 


RAIL, TANK TRUCK, AND BARGES 


In a survey conducted by the National 
Petroleum Council in 1967, it was reported 
there were 142,356 U.S..based tank cars 
having a total capacity of 1.7 billion gallons 
suitable for carrying petroleum and petro- 
leum products as of June 1, 1967. 

The Council’s survey of tank trucks and 
trailer units estimated that as of January 
1, 1967, there were 81,300 units in service 
with an aggregate capacity of 497 million 
gallons. 

There were 2,925 non-propelled and self- 
propelled barges and small lake tankers 
suitable for transporting petroleum and 
petroleum products in bulk on inland 
waterways, the Great Lakes, and in some 
instances, salt water as of January 1, 1967. 
About 76 percent of this fleet was operat- 
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ing on the Mississippi River and the Gulf 
Intracoastal Canal. The combined capac- 
ity for this fleet was 35.5 million barrels. 


REFINED PRODUCT DISTRIBUTION 


PAD district I received 947 million 
barrels of refined products from the other 
districts in 1968 and PAD district III 
supplied 927 million barrels of this total. 
For the first time, the volume shipped by 
pipeline from District III (488 million 
barrels) exceeded that shipped by coastal 
vessels. Pipelines from District II supplied 
18 million barrels of refined product de- 
mand in District I, but in turn, pipelines 
from District I shipped almost 39 million 
barrels of refined product into District IT. 

District V refineries were able to supply 
a larger portion of the demand require- 
ments within the district in 1968 so that 
shipments from District III and IV de- 
clined 5 million barrels. | 


STOCKS 


The total stocks of all oils at the end of 
1968 was 999.6 million barrels, an increasc 
of 55.5 million barrels for the year. Crude 
oil stocks increased 23.2 million barrels, 
stocks of distillate fuel oils increased 13.4 
million barrels, and stocks of liquefied 
gases were 12.0 million barrels higher. At 
the end of September, stocks exceeded the 


1 billion mark for the first time and totaled 
1,032 million barrels. Warmer than normal 
weather during October and November 
slowed the usual drawdown of fuel oil 
stocks, but an exceptionally cold December 
helped to reduce closing stocks to just below 
the billion-barrel level. 


PRICES 


Crude Oil.—On January 1, 1968, four 
companies in the gulf coast area raised the 
posted prices for crude oil from certain 
fields in Texas, Louisiana, and Mississippi 
an average of 5 to 7 cents per barrel. Other 
companies followed suit and the trend 
spread to the mid-continent States and 
then into the Rocky Mountain area. By 
July 31, the higher posted prices applied to 
most crude oil produced in these areas. The 
overall effect on the average wellhead value 
of crude oil in the United States was a 
2-cent-per-barrel increase for the year to 
$2.94. | 


Refined Products.— The increased cost of 
crude oil resulted in slightly higher prices 
for gasoline, kerosine, and distillate fuel 
oil at the refineries. The yearly average 
price of gasoline at refineries in Oklahoma 
increased 0.025 cent per gallon, and dis- 


tillate fuel oil and kerosine prices increased 
0.008 cent per gallon. The price of regular- 
grade gasoline to the consumer, as reported 
for 55 representative cities by Platts’ Oil- 
gram Price Service, increased 0.055 cent 
per gallon to 33.71 cents as a result of 
higher margins to dealers and an increase 
in State and local taxes. There was no 
increase in the Federal tax of 4 cents per 
gallon, but the average State and local taxes 
were 0.17 cent higher for the year. Refinery 
prices for residual fuel oils were fairly 
steady, but there was a softening of prices 
for Bunker “C” oil for ships’ bunkers in the 
east and west coast markets. Excess supplies 
of propane resulted in producers’ reducing 
the net contract price by 1,3 cents per 
gallon at New York Harbor, 1.5 cents per 
gallon in New Orleans, and 1.7 cents per 
gallon in the Oklahoma area. 
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According to the Bureau of Labor Statis- per gallon compared with 16.9 cents in 
tics, the average annual retail price of No. 1967. 
2 distillate fuel oil in 1968 was 17.4 cents 


NU ae E Pennsylvania Grode - Brodford 
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Figure 6.—Posted prices of selected grades of crude petroleum 
in the United States, by quarters. 
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Figure 7.— Prices of Bunker C“ oil at New York Harbor, bright stock at Oklahoma 
refineries, No. 1 range oil at Chicago district, and regular-grade gasoline 
at refineries in Oklahoma, by quarters. 


FOREIGN TRADE 


Foreign trade statistics reported in this 
section were compiled from two sources. 
The imports of crude and unfinished oils 
were obtained from the petroleum-refining 
companies. Imports of refined petroleum 
products and exports were compiled by the 
Bureau of the Census. 

Total imports of crude oil and refined 
products in 1968 were 1,038.4 million 
barrels, compared with 926.0 million in 
1967. The higher than normal growth in 
imports in 1968 was the result of the Oil 
Import Administration extending the ex- 
piration date of the 1967 quotas which 
importers had been unable to use. Imports 
lagged behind the 1967 level for the first 
half of 1968 as importers waited for tanker 
rates to return to nearer the pre-Suez level 
of June 1967. Rates did not decline, but 
some of the extended quotas were good 
only through July 31, 1968. To avoid the 


loss of the carryover quotas, plus the 1968 
quotas, a high level of imports was sched- 
uled from mid-June through the balance 
of the year. 

Crude oil imports for the year increased 
60.7 million barrels to 472.3 million, and 
imports of refined product imports increased 
51.7 million barrels to 566.1 million. 
Refined products imported into the east 
coast area in 1968 comprised 511.5 million 
barrels, 53.9 million barrels above the 1967 
level, with increased imports of distillate 
fuel oil and residual fuel oil accounting 
for 39.8 million barrels of the increase; 
gasoline, 11.0 million barrels; and bonded 
jet fuels, 2.9 million barrels. Residual fuel 
oil and No. 4 distillate fuel oil can be 
imported by license into the east coast and 
are not restricted by quotas; jet fuels 
imported in bond for fueling aircraft for 
overseas destinations are also excluded 
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from oil import regulations. The large 
increase in gasoline imports into the east 
coast was due primarily to additional ship- 
ments from Puerto Rico which were author- 
ized by the Secretary of the Interior. 
Efforts were made during 1968 to amend 
the section of the oil import regulation re- 
stricting the importation of foreign crude 
and unfinished oils into foreign trade zones. 
Companies proposing the change planned 
to build refineries in these zones and would 
request quotas only for those refined prod- 
ucts entering the States for consumption 
that are restricted by the oil import regula- 
tions. This would permit a free flow of 
bonded fuels such as jet fuels, residual fuel 
oils, and distillate fuel oils. No. 4 distillate 


NATIVE 


Bituminous Limestone, Sandstone, and 
Gilsonite.—To avoid disclosure of individ- 
ual company data, a combined production 
and value are reported for these commodi- 
ties. Production in 1968 was 1,786,840 
short tons, 79,826 tons below that of 1967. 
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and residual fuel oils could be shipped 
into the east coast States to meet all of the 
operating company's sales and contractual 
commitments. Import duties would be paid 
only on the products entering the States 
for consumption. Hearings were held on 
these proposals but decisions are still 
pending. 

As was expected, exports returned to the 
normal level of 85.2 million barrels in 
1968. This was a decline of 26.9 million 
from the 1967 high created by the Suez 
crisis. Residual fuel oil, petroleum coke, 
and lubricating oils comprise the bulk of 
the export market for petroleum (69 per- 
cent in 1968), but only petroleum coke 
has shown any substantial growth. 


ASPHALT 


The limestone was produced in Alabama 
and Texas; the sandstone in Kentucky and 
Missouri; and the gilsonite in Utah. The 
value of the production in 1968 was 
$8,127,000. 
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Table 3.—Estimates of proved crude-oil reserves in the United States 
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on December 31, by States * 


(Million barrels) 
State 1964 1965 1966 1967 1968 
Eastern States: 
Iii. ⁵³ðÄ um Um 391 371 862 386 $14 
Indiihá.-- ee ⁵ ⁰ mmm ee ee 61 57 48 47 40 
RNentuüueekn 118 108 101 94 80 
LO Ar c 2 c se SS. meme ewm 58 53 71 63 55 
New Y Of ³ĩ·1VXXàAà. ] r 88 14 12 10 15 18 
OIG EE 100 101 101 114 132 
Pennsylvania 87 77 73 63 59 
West Virginia 59 55 57 56 54 
%] ⁰˙ð² AU ·¹ä ⁰ ul suu yu s 888 834 823 788 747 
Central and Southern States: 
J77000000õõõ˙ͤ·t ⁰ Gf pun A Sma rares 50 66 85 79 73 
Ali ð⅛ð2U ⁵ðV2â .............- 205 201 181 176 159 
BDS84. c ³⅛ð ⁵ĩ¾ͤKA mut 8 797 752 726 625 601 
Louisiana ß . ee Ge 5,162 5,246 5,408 5,456 5,608 
Mississippi.. iilililʒl̃ 4 357 360 374 357 326 
Nebraska... . ⁵⁰Ü·Ü¹ ³ ꝛAWA 8 71 71 57 63 55 
New Mexico... o 957 895 1,025 926 865 
North Dakota 377 395 321 290 287 
Ai sce eee ot 1,586 1,517 1,518 1,459 1,395 
2 CI BL MERCADO Se ee eee 14,300 14,308 14,077 14,494 18,810 
r DEA ed 23 , 862 28 , 806 23,772 28,925 283,179 
Mountain States: 
OlOorddo- 2 2o ee ee beso abuse uen 346 327 344 340 420 
Monts “ 252 274 282 308 345 
/!õͤ;ö; ͥ x ate ce Sie! 219 197 213 201 180 
P ²˙wwo² AT... Se eeu 1,204 1,169 1,078 1,044 1,101 
vk H WEE 2,021 1,967 1,912 1,893 2,046 
Pacific Coast States: 
D T es ee he oe ee eee 160 822 881 3 378 
California —⁰n? 4, 125 4, 567 4, 608 4,869 4,341 
Total oie ea 4,208 4,727 4,930 4,750 4,714 
Other States 4... 22 eee 1 18 1 21 21 
Total United States 80,991 81,352 81,452 81,377 30, 707 


1 From reports of Committee of Petroleum Reserves, American Petroleum Institute. Includes crude oil that 
may be extracted by present methods from fields completely developed or sufficiently explored to permit 
reasonably accurate calculations. The change in reserves during any year represents total new discoveries, 
extensions, and revisions, minus production. 

? Includes offshore reserves; the Dec. 31, 1968 total for Louisiana and Texas was 2,539. 

3 Does not give credit to reserves associated with 1968 discoveries on the north slope of Alaska. As of Dec. 
31, 1968, the API Committee did not have sufficient information to make a meaningful determination of proved 
reserves associated with these discoveries. 

* Includes Arizona, Florida, Missouri, Nevada, South Dakota, Tennessee, and Virginia. 
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Table 4.—Supply and disposition of crude petroleum 
(including lease condensate) in the United States 


(Thousand barrels) 


Supply and disposition 1964 
Supply: 
Produetioo-n“.n2222W2ssss.—· 2,786,822 
ieee, . Ee Aa 438,643 
, Total new supply 2... 3,225, 465 
Stock changes: 
Domestic erude -------------- —8, 308 


Foreign erude ee ＋1, 004 
Unaccounted for „ 
Disposition by use: 


Runs of domestic crude. ee 2,785,895 
Runs of foreign erude --------- 437,434 
Erpert ee ee eus 1,363 
Transfers: 
Distillate. suu See Sh kb ée 755 
Residual- -2-2 ----------------- 3,720 
886S- EE 33 3,602 
Total disposition by use 8,232,769 


P Preliminary. 
! Bureau of Mines data. 


1965 


2, 848, 514 
452, 040 


3,300, 554 


2,847,821 
453,021 
1,097 


773 
3,950 
3,660 


3,310,322 


1966 1967 1968 » 
3,027,763 3,215,742 3,329,042 
441,120 411,649 472,323 
3,474,883 3, 627,391 3,801,365 
+17 ,863 +7,799 +17,653 
+239 +2,780 +5,570 
JJ — ＋7, 138 
3,000,789 3,174,004 3,308,044 
446 ,404 408 ,590 466,316 
1,477 26,541 1,802 
192 730 112 
3,551 3,671 4,212 
3,808 3,276 4,134 
3,456,781 3,616,812 3,785,280 


2 Represents the difference between supply and indicated demand for crude petroleum beginning with 1968. 


s U.S, Department of Commerce data. 
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Table 7.—Percentage of total crude petroleum produced in the United States, by States 


State 1964 1965 1966 1967 1968 » 
Texas 85.5 35.1 34.9 34.8 84.1 
aii é 19.7 20.9 22. 8 24.1 24. 6 
Californias. oou coL eam 10.8 11.1 11.4 11.2 11.2 
Oklahoma o uu n oEEodedu tme E 7.8 7.1 7.4 1.2 6.7 
Wo min 5.0 4.9 4.4 4.2 4.3 
New Mexico..........-....-.-.....-- 4.1 4.1 4.1 3.9 8.8 
en EE 3.8 8.7 3.4 3.1 2.9 
A ]ðͥID ð d ĩͤ Se Siete 4 4 5 .9 2.0 
M ississippi____........_.--..-------- 2.0 1.9 1.8 1.8 1.7 
nee ß ea a E 2.5 2.3 2.0 1.8 1.7 
Montang an 1.1 1.2 1.2 1.1 1.5 
Colorado... 2-a aannam 1.2 1.2 1.1 1.1 1.0 
North Dakota ----------- 9 9 .9 .8 7 
J! ON ⁰yĩłͥ TT DNE IN 1.0 9 .8 T 7 
Arkansas „ 1.0 .9 .8 A i .6 
Kentucky 2 e ca iE e 7 7 , 6 5 4 
Nebraska Ni .6 .5 .4 .4 
Miehlgnn.. au m mew omm TERT 6 5 . 5 4 4 
Other States 1.7 1.6 1.4 1.3 1.3 
Total 2.266 Soo we you 88 100.0 100.0 100.0 100.0 100.0 
P Preliminary. 
Table 8.—Production and reserves of crude petroleum in 
leading fields in the United States 
(Thousand barrels) 
Total Esti- 
Field } State 1967 1968 since mated 
discovery ? reserves 
Wilmington. California 58,652 78,253 1,235,029 1,365,350 
East lI6X38.. . eee EE 48,460 48,460 3,808,669 1,301,331 
Timbalier Bay. h Louisiana 33,033 35, 815 228,035 71, 965 
Caillou- Island ass EE 33,040 34,028 356,88 143,116 
Midway-Sunset....................-- California 29,258 33,201 1, 024, 188 184, 439 
Sho vel- Tum Oklahoma 32,232 32, 611 07, 678 99,445 
W A aaan BXHN. n ĩ A 28,299 30,064 502 ,192 147 , 808 
Bay Marchand, Block 22 Louisiana 30,908 29,797 244,239 856,297 
Seeligson (all fields) ................... S LL rcc ELA 29,015 28,988 846,202 112,376 
Kelly-Snyder..............-.......-- vu clus. eters 37,075 27,686 437,060 751,240 
Kern Hiver California 23,677 25, 280 476,232 193,475 
West Delta, Block 30 Louisiana 23,744 23, 473 168, 863 231,187 
South Pass, Block 27 c EEE 22,955 21,889 156,189 154,811 
SPA de Trend__ EE ers Issa 27,810 21,710 273,631 173,680 
South Pass, Block 24 Louisiana 23,568 21,647 301,240 448,760 
McArthur River laska . 739 21,308 22,059 170,464 
Aang ee ce eei. asc EKS C 24,471 20,256 381 , 692 58 ,308 
Elk Bagi c z l ou ceo cen swe Montana, Wyoming.. 19,800 20,050 348,191 51,809 
Huntington Beach California 0,711 19,342 812, 145 148,118 
Pl; desde % 21,337 19,296 1,198,324 448,087 
Goldsmith... occ ot eei ed E Dmm succ cuc i Dc 25,915 18,568 430,685 61,432 
Main Pass Block A1 ..............- Louisiana 13,111 18,272 45, 509 54,491 
Sooner-Trend (Dover-Hennessey) ..-..-- Oklahoma 16,753 17, 062 84, 954 15, 689 
West Delta Block 27777 .. Louisiana „704 15, 972 38,452 47,455 
Pierre. ieee oe ue ontang. 870 15,670 16,642 90,000 
Grand Isle Block 1066 Louisiana 14,212 15, 592 96,060 78,940 
Rangeley... ĩð . Colorado 16,579 15, 344 424, 853 175, 147 
Garden Island Baaỹãyy o --------- Louisiana 18,541 15, 336 92, 993 27,007 
ee ³· ete New Mexico 14,879 15, 306 175, 748 109,252 
TA WINS õ§]²’᷑ ³ 8 Texas 17,637 14,964 355,309 170, 642 
South Timbalier Block 135. Louisiana 18,114 14,941 53,999 46,001 
San hö setae au California 18,329 14, 226 207,308 110,036 
Middle Ground Shoal................- Alaska 7,486 14,214 24, 299 172, 955 
Grand Isle, Block 4833 .. Louisiana 10, 124 13,756 38,601 61,399 
West Rane ee ERR 88 15,320 13,692 215,438 63,379 
Swanson River Alaska 12,985 13, 620 88,571 111,424 
Salt Creek. coc ene ee ears Wyoming 14,689 13, 343 469,617 40, 383 
Granite Point laskKk aaa 7,001 18,119 20,172 154,880 
Lake Washington Louisiana 12,371 13, 105 152,292 149,471 
West Delta Block 738 END (IO coisa eee 13,249 12,910 44,739 55,261 


See footnotes at end of table. 
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Table 8.—Production and reserves of crude petroleum in 
leading fields in the United States—Continued 


(Thousand barrels) 
Total Esti- 
Field ! State 1967 1968 since mated 
Beverly Hills California 3,401 12,780 88 , 425 184 ,952 
Ward-Estes North 866 -2-2 14,408 12,72 251,836 
Lake Barre Louisiana 16,228 12, 696 132, 682 117,818 
Hastings, East and West Texád...lcoouc- xoc 15,062 12,432 892,568 287,568 
West Baer, Louisiana. 12,587 12, 084 124,219 85,781 
O Nr 8 yoming...........- 10,628 12,081 162,589 84,411 
Golden Trend -- -22-2 Oklahoma........... ,952 11,961 885,213 159,787 
, . eee Louisiana „203 11,814 155, 679 64, 820 
Main Pa Block 69. MONT, nad ea R 12,882 11,672 127 , 466 172,534 
Tom O' Connor ... Texas. 16,188 11, 620 332, 684 117,989 
Iq. | ME 0 ͤ EE E 12,181 11,219 107 ,488 29,512 
Headlee and North. „ ERNA EE E 12,307 10,425 89,264 112,888 
Borre (all fields) ec Us c cnc ac2ccE 13,558 10,212 86,569 64, 431 
Cote Blanche Bay West Louisiana 5,409 9,720 78,295 22, 705 
Weeks Island... e do 8,247 9,688 162 ,406 74,594 
gon EE California 9,895 9,387 587, 206 75, 096 
Sand Hills c ----- Texas 12,579 9,231 154, 365 42, 635 
Webster EE, ͤ ⁰ Ae 11,217 9,204 310, 644 139, 856 
Bayou Sale 99 ese uisiana .. RÉI 9,070 131, 504 68, 50 
uarantine Ba „ ree cele: 8,768 9, 017 115,847 85,153 
red St. Elaine 30 8 „028 8,912 104, 457 48, 548 
entre Utah 9,803 8,891 212,148 289,852 
Belridae Sr oA is Los California „070 3,889 141, 606 71,11 
JJ ⅛ðx eee ak ex as. . 10,709 8,784 449, 484 155, 080 
Russell and North.................... V ; 8,678 93,846 86, 
8 CJ ¹Ü¹¹A1àAA ee hese as . aia ida eue 11,104 8,491 174,679 76,017 
J ea ete EE alifornia........... 9,023 8,405 782,088 79,521 
Cowden (and Foster and Johnson) . Texas. 12,188 8,875 245, 854 74, 146 
Thompson (all)) EE, T ; 8,964 292, 823 52,177 
((ö§ĩ?èͤð³öðẽꝛ¹ͤU. y cous WW. C POTRETE 8,697  À 8,816 42,129 159,014 
Diamond⁊ ⁊˖ U ..... e asi 10,999 8,281 155, 576 339,424 
Agua Dulce- Stratton 0 ͤ sr ,98 8,206 214,816 46,684 
Cowden, North... e SENEC, "PREND 10,268 7,987 216,180 
e  —— d E AE „% necu scr ewe 10,279 7,948 121,511 55,852 
Keystone SEN, (EE 10,518 7,945 233, 69,475 
Empire Abo New Mexico „980 7,908 52,812 47,688 
McElroy........-- .. . ee ee ex as... 12,239 7, 846 258, 724 91, 276 
Van and Van Shallow EU CONDO EN ; 7, 886 340, 887 65,118 
ty, Norddt. 2ŇM DE, l. GER ,04 7,708 88,268 43,244 
a tes. KK 8,462 7,650 519, 526 132,349 
Oanoen. .. O. 8,000 7,600 17, 27,611 
Old Illinois. .................-.-.-.... |]llinois............-- 9,958 , 588 650 , 490 24,510 
Burbank ana Oklahompa 8,795 7,587 474,218 25,781 
en ieee Louisiana 7,220 7, 128 128,992 56,472 
Coalinga Noee ħa California 8,060 7,085 440, 910 78, 618 
Kelsey (all fields) Texas 8,121 7,068 82,471 43,771 
Midland Farms (all)) DEUS | BEER MS 11,182 7,066 143,939 67,880 


1 Fields under 7 million oe not shown for current year. 
2 Includes revisions, if an 


Source: Oil and Gas Journal. All figures are preliminary. 
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Table 9.—Well completions in the United States, by quarters 


ist 2nd 3rd 4th Total 
quarter quarter quarter quarter 


1967 
Ehlen 8,400 8,487 8,540 4,902 15,829 47.5 
EI ` E GE 891 841 788 1,144 8,659 11.4 
Diy ˙¹ 88 2,799 2,988 8,090 4,374 18 ,246 41.1 
Vve EE 7,090 7,811 7,418 10,420 32,234 100.0 
— pp ee ri e 2 
1968 
G)ö§ö ⁰⁰ m mt EE AEEA 2, 798 3, 587 3, 785 4,197 14,842 46.8 
Gi . Gb u ee eee eee 760 790 846 1,059 8,455 11.8 
ENER 2,586 2,911 8,423 8,954 12,824 41.9 
gw, EE EE 6,089 7,268 8,054 9,210 80,621 100.0 
1 Excludes service wells. 
2 Includes condensate wells. 


Source: American Association of Petroleum Geologists and American Petroleum Institute, except for 1968, 
which includes some Bureau of Mines data for California. 
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Table 10.— Well completions in the United States, by States and districts ' 


State and district 


Oil 
Alabania . ....... -2 ---------- 9 
Alasků aa. 37 
Arizens rms LIA 6 
Arkansas 132 
Salons ESSO 2,045 
Colorado... 2------------- 145 
Florida i eon ur y x . sos 
HI TEE 598 
Indiana.......................-- 148 
1(%ö%§Äd- or Kk s Deve eui tees 
Suet ep w 1,264 
Kentucky ....-.-- 528 
Louisiana: 
Neill 325 
South........ .. pv 464 
Offshore 372 
reell es 1,161 
Michigan.......................- 66 
Mississippi--...................- 226 
Ul. ruru up ͥ 
AMontang .. .. .. 194 
Nebraska . 42 
evadd azad 1 
New Mexico: 
Nö; %⅛² ˙uͤ; ee 52 
PR80822. A E 542 
// ˙¹AA taa 594 
New Tork 163 
North Dakota. ..............---- 72 
AT SE 792 
Oklahoma................-.-.--- 1,877 
e EENS 
Pennsylvania 278 
South Dakota.. 
Tennessee 3 
T ° 
| Gulf Coat 587 
Westo eege 1,600 
VT, 324 
Panhandle..................-. 251 
Rest of State 1,965 
Total; ĩ 4,727 
JJC 59 
Washington.. 
West Virginia 269 
Wyoming 399 
Total United States 15,329 


1967 
Gas 2 Dry Total Oil 
NEE 29 38 9 
4 33 74 77 
2 16 24 4 
70 205 407 103 
72 47 2,534 2,202 
45 849 539 108 
PUN 11 11 8 
1 590 1,189 544 
5 821 474 122 
147 1,796 3,207 1,210 
200 816 1,544 888 
175 605 1,105 810 
164 556 1,184 560 
126 357 855 476 
465 1,518 8,144 1,346 
26 273 864 73 
15 474 715 161 
NES 4 4 12 
22 388 554 819 
1 136 179 64 
— 8 9. usas 
281 62 845 80 
26 178 746 482 
257 240 1,091 512 
13 85 211 83 
3 81 153 49 
214 255 1,261 726 
443 1,082 1 1,823 
271 79 628 472 
MP MUS 4 3 
1 43 4T. ¿es ss 
213 621 1,421 499 
170 636 2,406 1,484 
78 272 674 227 
88 72 411 187 
403 1,856 4,224 1,482 
952 3,457 9,186 3,779 
10 73 142 
8 3 By neces 
884 121 774 119 
39 487 925 501 


8,659 18,246 32,234 14,342 


1968 
Gas ? Dry Total 
1 22 82 
7 20 104 
EE 6 10 
46 178 822 
76 43 2,741 
50 336 494 
Sheets 10 13 
1 497 1,042 
14 201 887 
90 1,785 8,085 
205 693 1,281 
143 489 942 
210 681 1,451 
184 888 1,048 
537 1,558 3,441 
28 269 370 
12 506 679 
—— 4 16 
40 506 865 
Seles 221 285 
127 4 202 
28 190 695 
150 235 897 
10 18 106 
8 184 188 
280 207 1,168 
870 1,047 2,740 
253 70 795 
8 4 4 
6 20 26 
198 722 1,419 
160 610 2,204 
67 289 583 
7 7 340 
264 1,372 3,068 
768 3,072 7,614 
5 56 99 
Week 2 2 
522 92 733 
39 652 1,192 


8,455 12,824 30,621 


1 Excludes service wells. 
* Includes condensate wells. 


Source: American Association of Petroleum Geologists and American Petroleum Institute, except California 
for 1968 which includes some Bureau of Mines data. 
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Table 11.—Producing oil wells in the United States and 


average production per well per day, by States 


1967 1968 
Approximate Average Approximate Average 
State number of production number of production 
producing per well producing per well 


oil wells, per day 
Dec. 31 (barrels)! 


oil wells, per day 
Dec. 81 (barrels)! 


Jᷓ1àUhh!!...ͤͤͤͤͤ ͥ acd e D eg 532 88.1 ? 546 88.7 
PAGO eut NER n. 94 961.4 163 1,407.7 
6’? ote ue aise reese ee 20 616.2 22 498.5 
/%/;o;ͤ-ẽQ yd 8 6,459 9.0 6,445 8.2 
ier eer 41,608 23.7 41,360 24.7 
Colorado L ⁵]ðx ꝗ ̃ m ee eet ui cL 1,730 45.3 1,825 49.1 
iss 27,887 5.7 27,236 5.6 
Indiana- as et ue k icis 8 2 4,881 5.5 24,330 5.2 
eh EEN 47,597 5.8 45,145 5.6 
Riess. 13,255 3.0 212,311 3.0 
Louisiana: 
Gulf ³ð- Assoc ce cS 16,867 117.1 16,486 125.6 
Nh 13, 803 10.7 18,780 10.1 
TOCA EE 30,670 68.7 30,266 73.3 
Mei... caso e u EE 4,004 9.2 4,278 8.6 
MI) ⁰ et EAS 2,557 61.3 2,599 62.2 
ll: y ³ĩð U Zon 3,390 27.8 8,385 39.1 
Nebraska. ous Se eee Sects ce eee 1,430 24.9 1,403 25.4 
New Mexico: 
Southeastern nn 15,210 20.9 15,323 21.1 
Northwestern 1, 535 19.9 1, 580 18.2 
p ß EE A cA tM EE 16,745 20.8 16,903 20.9 
New EE r 4,712 11.1 4,201 9 
North; y ee oe 2,063 r 94.0 2,075 88.1 
lO ete eee ce x86 14,638 1.9 15,480 2.0 
ORIaHOHid tee een ci eee UR 80,970 7.8 81,052 7.6 
Pennsylvania . osc cece EE S. 2 45,426 , H 42,500 .9 
South Dak stan edovoededuseQaeE 28 20.3 2 18.6 
Texas: 
Gull asse esr eiu xe 18,925 31.0 18,367 32.7 
East Texas bield „ „.l 16,328 8.6 15, 902 9.0 
West õĩͥ⁰“˙iſßb ö y 66,002 21.5 65,314 22.1 
Panhandle- 42-255 ͤ 8 18,862 6.8 13,627 6.6 
Rest of States oc o² AAA E aUe mauus 76 , 884 10.4 74,712 10.5 
ͤö§ĩ§Ä·ÜöõBD ⅛è-ͤK ee ile oe er ee 192.001 15.8 187,922 16.3 
LEE EE 869 75.9 875 78.6 
„„ d 12, 989 7 13, 049 Wi 
WY OMI et 8,547 44.0 8,805 46.8 
Other States: 
Florida Luyo ecciesie BL ato 41 103.5 44 94.8 
AE WEEN 146 1.4 128 1.3 
Nevada a es ee ß u ua S usis 13 66.5 13 57.0 
Tennessee- EES 88 .6 32 . 5 
FU Ä˙³;'.%ꝛĩĩið᷑L. ̃ ́ʃ˙. .. eu ee al 4 2.7 5 1.8 
p a ie he eee ee 237 22.4 222 21.7 
Total United States r 565,289 r 15.3 553,920 16.2 
r Revised. 


1 Based on the average number of wells during the year. 


2 Compiled by Bureau of Mines (all other data on number of producing oil wells furnished by State agencies). 
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Table 14.—Receipts of domestic and foreign crude petroleum 
at refineries in the United States 


(Million barrels) 


Method of transportation 1964 1965 1966 1967 1968 P 
By water: 
Intrastate: 26255250 ose eee eee es 125.9 147.3 152.0 129.1 186.8 
Interstate. eet Se be’ 285.9 296.6 847.7 428.4 428.8 
(CA ³˙ L eee Dua 337.1 344.4 320.7 265.3 303.0 
Total. uias e E 748.9 788.3 820.4 822.8 868.6 
By pipeline: m l _ 
Intrastate_____ ⁵ĩð ee ĩ 8 1,426.0 1,407 .0 1,465.8 1,581.1 1,673.0 
Interstate 2 eed 929.4 955.8 996 .2 995.9 1,023.7 
Foreign.................. . 101.7 107.4 126.0 146.6 169.2 
rr y SE ede 2,457.1 2,470.2 2, 588.0 2, 723. 6 2,865.9 
By tank cars and trucks: uid — 
Ir; ³ð2Ad 34.4 34.8 38.1 40.0 40.8 
Interstate -2-222 4.3 3.5 4.5 5.7 6.8 
OE OCG st ee ee Saye 8 38.7 38.3 42.6 45.7 47.6 
Grand total -2----------- 3,244.7 3,296.8 3,451.0 3,592.1 3,782.1 l 


p Prellminary. 
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Table 15.—Refinery receipts of domestic 


(Thousand 
Interstate receipts from— 
Total Intra- 
Receiving district and State domestic state Ala. Calif. N.Y. 
receipts = receipts and Ark. Nev, Colo. and DL 
Miss. an Fla. 
Alaska 
District I: 
Delaware, Maryland CðÄ˙˙ ĩͤp⏑ ete: 8 1,404 ...... 
Florida, Georgia, and Virginia HA iu 2 ss // Sarpa, desde Active’ 8 
New Jergeg -000MM 68,923 ......... 10,084 ...... JJ A Loes 
New VO %%% ne A ³ĩͤ KA ĩð2³ pensis. wirds 421 
Pennsylvania: 
DETT IEEE T0000 107,512 ......... / AAA a ices 
VCC 17, 089 A TA MERCREDI DNUS 30 1,875 93 
West Virginia.................-.-.---- 2, 866 e dudsmec- Ee 52 
Totals ose c; a asa S. sus c z: 215,035 6,520 11,886 ...... 268 30 2,979 514 
District II: 
iG Z22222: s Q u usus Xs 248, 938 24,152 BS Gauaz Sees 334. 62530. Boeke 
ee 222222222222 0coE nC 167,007 0ùj us cies tosxtibe „373 3,477 
111000000 135, 679 „ betes Lee Seek! eana L. 710: mesi. necs 
Kentucky, Tennesse 53,602 0.957. - L00678: uie Hune ewm 12 8,847 
Michigan 38, 898 )); caus 1,940 
Minnesota, Wisconsin %%%. LLL Se caue ec. 
Missouri, Nebraska ,,, remus: iste ß ß cg 
North Dakota 18,486 IT2480- uno oss. kyd DELE ass eens 
io: 
ôö§ö§ÜQ w; ⁊ĩð . eee 20, 981 %%% 8 2,520 ...... ,021 
L.T EEN 126, 192 135. 120-259. "ee 4,156 ...... 15,879 
G;; ces eee elke oe 59,408 119,530 ...... ...... ..-..- / x 25 
// ³⁰ AAA ee eee iae 1,005,162 279,803 6,859 ...... ...... 11,496 12 39,104 
District III: 
, Aere ees 6,577 1,256 3,296 224. uam Ema i; usos 
Arkansas 20,092 rr... ĩ ͤ V ĩðù docui 
Louiziana MM u. u u Ua: 399, 245 339,006 25,409 %%! acaso ee 
Mississippi. .. ................--.------ 01,743 III/ Zë, ees, deene Wende 
New Mexico 13,422 101,422. sul eet, leds. K ĩ 8 
Torii EE 999,812 735,130 2,822 ...... ...... 2 98 
M/ duce Sa 1,509,891 1,118,910 31,527 00 Gas ss 1 98 
District IV: 
e s uui . ... .. 13,169 1.583. see, gege Se, clu 8 
Menn 88 31,043 III ⅛ðV-yd 
/! ³˙.¹ 36,722 1030 —.; 165 18,394 ...... ...... 
MWvoming. -MMMM 43,342 42.209 chee: aaeoa beer 1,068 cuc --.-.-- 
lr ĩð dde 124, 276 05,054 ...... .....- 165 19,462 ...... .....- 
District V: 
alteren l uu. eia doco 432,567 372, 912 197 ...... 444,847 ...... ...... .....-. 
Other States 3... ee 22,931 VVV . 
ere 455,498 380,239 197 uu LS TE WEEN 
. Total United States.................. 3,309,862 1,850,586 49,469 306 60,884 30,988 2,992 39,776 
Daily average.............-.---.-------.-- 9,04 5,056 135 1 166 85 8 109 
1 Oil from Virginia. 


2 Includes 12,000 barrels from Tennessee. 
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crude oil, by States and districts in 1968 


barrels) 
Interstate receipts from— 

Ind. Ohio Nebr., 

and Kans. and La. Mont. N. Dak. New Okla. Texas Utah W.Va. Wyo. Total 
Mich. Ky. and Mex. receipts 

S. Dak. 

Risers, atus. Q usu rr isecukeM Uh deeee bau ss VCC 11, 898 
%% ᷣͤ ͤ ⁵ͤ P f ·˙⁰ . A tee 23 seuas ses 773 
uiia. FT %% ³·wꝛꝛ / Chios eases, ̃—,/ l! ĩðͤv ĩðͤ d usos 68,923 
TROMPE HAM 28 180) uo tese ,704 49]: snl 8 4,974 
FCC 53,005 ....... .....-. 218... 05,8 eects alls oj each. 107,512 
1 8,330 ....... 4,684 Al uoi V. ------ 1,838 2: 12,335 
J I jj! V8 1, 100 
. 4,458 96, 980 4, 864 31 213 4,458 79,998 1,888 ....... 208,515 

519 5,316 ...... 15,252 3,158 302 27,737 30,497 126,816 500 14,247 224, 786 

208 11, 115 4 1,671 10,549 4,902 16,715 29,381 48,881 ...... ...... 33,402 163,178 
d dd ——  — 2,293 1,496 6,695 17,057 14,914 ...... ...... 6,731 50,896 
HE b ß. ete Set A ̃ d mä dëtt: Leien decease nice 43,645 
he MEE ˙ A TM 6 [1% D die o 9, 187 26, 249 
Meee Eel seams EEN 6, Bee. cE eer MIU CAU RUN ; 
EN 2% %% /n. :¶ IT), 1,0179. 8,335 -ii beren e 6,669 28,088 
odor Bex tu. ?- ff ³ĩ˙.¹wüAq ; A ³· ·ꝗdZd cct 
See 218. fect. 02 010 uuibegy umuy. Sintea 180. L1... aaaea GS 2,453 14,419 
EUR 449 ...... 39,249 ....... 3,515 2,224 6,665 43,507 ...... ....-. 6,401 126,171 
EE 3,948 ...... 2 Leeder eege ee 4,848 ....... 27,741 TON CROCO 89,878 

724 23,434 72 92,4835 17,373 16,895 68,334 84, 965 284,149 1,291 ...... 79,093 725,299 
FFF %%! LII: ͥͤ ͤſ ᷣ y A A 8 5, 321 
FFC GE ee Ve PATIO 2908. . EE 10, 990 
JJ ͤ u ĩð»Wü ³˙ AAA K 8 42 34,482 ...... ...... ....... 60,239 
J ES %%% ect: ß quee. ̃ĩͤ s ĩͤ y ͤ 49, 749 
—— 86 —.— 217,456... 40,728 1,108 ....... 2,404 ...... ....... 204,082 
—— 6 ...... 272,911 ....... ....... 40,728 1,150 41,790 2,464 ...... . $90,981 
saadad aeee REN 1,413 ....... 7 22 22 aa k eu 6 ....-. 10,158 11,586 
THEE PECES 20,084 20,084 
%. v 1995 edu. ee. eed Ee 737 26, 419 
See «ee 8 54 ; ³ĩðùé0((((öĩõĩ³⁰ſĩ AAA ĩ ĩ 4 tees ; 
( rgo use de 1,407 11 TTT 6 —— 37,979 59,222 
n ⁵ðĩðWAAõ⁵¹ð ⁵˙ 5. 4006. erh 005,008. ains. eds 59,655 
%%% ĩ œ Er E E erui. wets, Mr PUN e iude, ui LEM ELE UE 15,004 


—(— Eeer, K 5:100. gege, c uc. 75,259 
727 23,440 4, 530 462,326 23,704 16,937 115,113 90,573 405,935 12,666 1,838 117,072 1,459,276 
2 64 12 1,203 65 46 315 247 1,109 35 5 320 3,987 


3 Alaska, Hawaii, Oregon, and Waahington. 
* Includes 3,390,000 barrels from Arisona. 
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Table 19.—Pipeline tariff rates for crude petroleum and petroleum products, January 1 


(Dollars per barrel) 


Origin Destination 
Crude oil: 
West Texas. Houston, Tex........ 
DO eebe East Chicago 
h ee Wood River, Ill...... 
Oklahoma..................- Chicago, Ill.......... 
SAA Wood River, Ill...... 
Eastern Wyoming Chicago, III 
R.G Wood River, Ill...... 
Refined products: 
Houston, Tex...............- Atlanta, Ga 
lp. eat u 2 ERA New York, N. 
Tulsa, Okla -.------------ Minneapolis, Minn... 
Salt Lake City, Utah. ........ Spokane, Wash....... 
Philadelphia, Pa.............. Rochester, N. 


Source: Interstate Commerce Commission. 
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Table 22.—Tanker rates from U.S. gulf to destinations north of Cape Hatteras 


Vessels under 25,000 DWT ! 
Clean products (cents per gallon) Dirty products (dollars per barrel) 


Y i — ⁵˙6t : P 
iz Gasoline Kerosine No. 2 80 gravity No. 5 Bunker C 
fuel oil crude oil fuel oil fuel oil 

Vessels under 25,000 DWT ! 

1968... 2. ? .92 1.01 1.06 45 47 60 

19%«ͤG6Uù 8 86 95 1.00 .43 .46 .48 

19085. coe AA 88 91 .96 50 53 56 

196 93 1.08 1.08 52 55 58 

1967 TERT 1.46 1.60 1.69 80 85 90 
Vessels over 25,000 DWT ! 

1 ,§«o eee ees S 85 .98 .98 87 89 41 

1964 E; 76 .84 .88 88 40 48 

Mee 67 74 78 40 43 45 

1960 98 1.02 1.07 41 43 46 

19 eke eee 1.35 1.49 1.57 68 72 77 


1 Deadweight tons. 
21968 data not available. 


Source: Platt’s Oil Price Handbook. 


Table 23.—Stocks of crude petroleum, natural gas liquids, and refined products 
in the United States at yearend 


(Thousand barrels) 


1964 1965 1966 1967 1968 


Crude petroleum: 
At refineries. 2... 2 2 LL LL LL LL ee 68,908 59,386 62,720 72,098 78,718 


Pipeline and tank far mmm 149,415 144,740 158,980 158,797 177,188 

e WE ß vedi zu 16,734 16,168 21,741 18,080 ` 16,342 
—: . . . 

C ade wc cee —«˙1dueö sos 280,057 220,289 238,891 248,970 272,198 
Unfinished oil 87,014 88,609 89,213 90,201 93,399 
Natural gasoline, plant condensate and isopentane... 5,021 5,237 4,563 5,782 5,466 
Refined products. ........--_...--_---.--__--.---..--- 517,148 522,209 548,988 699,158 628,514 


Grand totals u ues luu ese deen as 839,235 836,344 881,105 944,111 999,572 
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Table 27.—Value of crude petroleum at wells in the United States, by States 


1967 1968 
State Total value Average Total value Average 
at wells value per at wells value per 
(thousand dollars) barrel (thousand dollars) barrel 
Alabamasg om a a SSS Da 19,500 $2.65 20,385 52.67 
Aa. ccn 8 91,164 3.13 186 ,695 2.82 
A..; ³ð eee ose ae 8,188 2.80 9,606 2.85 
Arkaftisds —— o coc cule oe eas 56,902 2.70 53,137 2.73 
, ß eee 22 ss 829, 133 2.31 883,644 2.85 
erg ĩ 8 99,008 2.92 94,215 2.95 
Un, Sr rs y tie ede 179,792 3.04 173,120 3.07 
Illi. 8 30,041 2.98 26,511 8.05 
SERGE 297 ,600 3.00 285,405 3.02 
Kentucky. reegt ee 45 ,052 2.90 41,125 2.93 
Louisiana: 
Gulf Coat 2,254,162 3.13 2,414,466 8.15 
Nerthnernndd aee 165,661 3.01 156,175 8.07 
Total EEN 2,419,823 3.12 2,570,641 3.14 
Michigan 39, 455 2. 89 38,287 2. 95 
Mississippi- Li 155, 726 2.72 164,396 2.80 
N ˙ ² AAA 87, 543 2.50 124,488 2.57 
Nebraska 2222an 36,775 2.75 36,781 2.79 
New Mexico: | 
Southeastern -.---------------------- 338 , 408 2.94 350, 430 2.97 
Northwestern 29, 932 2.70 28,278 2.72 
/ i eee det 368 ,340 2.92 378,708 2.95 
New York; tn esl Seis 9,026 4.58 7,093 4.638 
North Dakota-.. . . . . . 65,818 2.60 66,106 2.64 
TEE 81,427 8.17 85,722 3.19 
Oklahoma - ---------------------------- 676,095 2.93 668 , 202 2.99 
Pennsylvania 19,701 4.49 18,698 4.49 
South Dakota 502 2. 38 401 2.15 
Texas: 
Gulf (OBBU 2 32. ⁵ð2â en eed 705,718 3.27 181,066 8.81 
East Texas Field 158,860 3.06 165,041 8.11 
West Texas_-. ct eee ees 1,525,226 2.92 1,565,998 2.95 
Panhandle...................-...-- ,288 2.97 100,478 3.02 
Rest of State 882, 473 2.97 882 ,129 3.02 
Total: coc Re Re a reis 3,375,565 3.01 3,450,707 8.04 
15: 1 3 ror hos ß EE 63,221 2.63 62,826 2.67 
West Virginia 14,244 4.00 13,149 3.97 
WYOMING REN 351,685 2.58 880,589 2.64 
Other States . 4,406 2.28 4,189 2.30 
Total United States 9,375,727 2.92 9,794,826 2.94 


1 Florida, Missouri, Nevada, Tennessee, and Virginia. 
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Table 29.—Posted price per barrel of petroleum at wells in the United States 
in 1968 by grade, with date of change 


Pennsylvania grade: 


Bradford and Allegheny districts. . 
In southwest Pennsylvania 
e nc conici Guten 

entucky.................- 
Indiana-Illinois...................... 
Coldwater, Michigan. 


Corning 
Western 


Oklahoma-Kansas: 


94 94% c 
86*-86.9" A. FI.. 


Texas: 
Panhandle, Carson, Gray, 
Hutchinson and Wheeler 


Counties 35°-35.9° A. P. II. 


West Texas 3030.9“ A. P. I. 
(sweet) 


South Texas Mirando 24-24. 9“ 
JJV 
East Texrag -2-a 
Conroe, Texas... s 
Texas 3030.9“ A P. II 
Texas 2020.9“ A. P. II/ 


New Mexico, Lea County 30°—30.9 ° 


sour) 
Louisiana 30-30. 9 A P. I 


Caddo Pine Island 36˙-36.9 A. P. I 
Magnolia-Smackover, Lime- 


Arkansas, 
stone 31?-31.9? A.P.I 
Wyoming-Montana Elk Basin 30?- 


309^ /// AA eee Stine 


California: 


Coalinga 32°-32.9° A. P. II. 


Kettleman Hills 3737.9“ A. P. I 
Midway Sunset 19?-19.9? A. P. I. 
Wilmington 24 24.9“ A. P. ` ` 


Source: Platt’s Oil Price Handbook. 


Jan.1 Apr. 22 May 7 
4.63 No change No change 
4.08 do -.do..... 
3.07 ..do..... ..do..... 
8.15 ..do..... ..do..... 
8.15 do do 
2.95 d -.do..... 
2.97 ..do..... do 
3.05 ..do..... -.do-_ 
2.97 do ..do..... 
2.91 ..do..... do 
3.20 3.25 0 
3.15 No change 3.20 
3.35 ..do..... No change 
3.10 ..do..... -.do..... 
2.90 ..do..... do 
2.80 ..do..... doo 
10 ..do..... ..do..... 
3.04 ..do..... 300 
2.72 _ dd -.do..... 
2.68 ..do..... 30 
96 do -.do..... 
8.21 do do 
2.28  ..do..... do 
2.58 ..do..... . 


June 1 


June 13 


July 1 


No change No change No change 


2.96 


No change 


Table 30.—Wholesale price index, crude petroleum 
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Source: Bureau of Labor Statistics, U.S. Department of Labor. 
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Table 32.—Salient statistics of the major refined petroleum products 


(Thousand barrels) 
1967 1968 » 
Isopentane: 
Pole ðLZ Dua u aha 8,021 2,660 
Stocks at t ⅛ ð y ß encontre quete da 24 44 
/ ouo ³ðW³˙ . . dee ⁵⁵⁰ 8 3,005 2, 640 
Natural oline: 
Fand w ee eh OE 136,273 145,214 
Stocks end of year: 
At planis ß Eu teca e PEL LE 2,645 2,584 
At refineries: 2: oe l uuu ul us ³⁵ð Y ⁵ĩð ee LRL 2,077 1,860 
KA ZE A EE 4,722 4,444 
Used at retineries EE 135,516 145,492 
Plant condensate: l 
Productions ]”?ͥ ]7]ẽſ 87,970 88,494 
Stocks end of year: 
, ß ß once 895 841 
Ar 141 137 
Geteste X . tees 1,086 978 
Used at refneries e „„ 87,524 88,652 
Finished gasoline: 
Production: 
AtreDBerjeg conor. Ee y a 1,888 , 522 1,933,827 
At gas processing plantnnsn ns 261 6,211 
Total gasoline produetion. 1, 845, 783 1,940,038 
Stocks end of year: 
AtreBnerned. 2.05222 l... lec ð d DL d 207,715 211,256 
lll ³ðW—WA. ³ ⁰⁵ 88 265 270 
Det. ⁵ð, ek Ou chem eeu 207, 980 211, 526 
eee e d oo es Bee hoe ee eee 15,215 21,591 
FF ee 4,877 2,810 
Domestic den dds. ⅛ð—ͤ7 eee cee e 1,842,686 1,955,778 
Motor gasoline: m 
Production: 
AtrefünerieB:. uos ³ꝛ1 “ u- y Hase ac. 1,801,448 1,902,264 
At gas processing Dante ,261 ,211 
Total motor gasoline production............................ 1,808,709 1,908,475 
Stocks end of year: 
Ff A 199, 790 204, 226 
h ⁰·¹ ⁰—.. d 265 270 
Total motor gasoline stocks. 200,055 204,496 
I por e, e Au ULL a c 15,215 21,591 
EXDORMS.—— 1.2. 252.2252 ßx¼¼ /ßd Ee 848 256 
Domestic demand. ___........--.._-----._.-----.__-------------- 1,809, 782 1,925,369 
Aviation gasoline: 
/ odd / Seb 37,074 81,563 
Stocks end of verd. leer - ; 7,080 
ne ß d te oe ees 4,029 2,054 
Domestic demanßggasag agg „„„„ 32, 904 80,404 
Special naphthas: 
oduction: 
At refineries jcc ß ß ow ALL LS eco 26,912 21,643 
At gas processing plants........-...-..---------------------- 51 . 478 
Total production WEE 26, 968 28,116 
Stocks end of year: 
A ³o- A ceu 5,742 5, 816 
41JJ/ßõ⁰ÜͤÜdVdddſſſſd ß ete 1 
ie, cR E eec ROW ensebesm cwn Eu 5,748 5,829 
P ⁰²·¹¹¹ ⅛mq⁊q⁊ AA k y SÀ 875 1,399 
Esports E 1,976 2,480 
Domestic demand... 25,208 27,004 


See footnotes at end of table. 
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Table 32.—Salient statistics of the major refined petroleum products 
in the United States—Continued 


(Thousand barrels) 


1967 1968 v 
Kerosine (including range oil): 
Production: 
Atreides ER Eis SE E 99,061 100,545 
At gas processing plants.............. 22 2.22222 1 2222222222 1,293 1,027 
Total productioli- c. u. ul ull L u heed nee cce 100,354 101,572 
Stocks end of year: 
.. mL he ute dr DU 25,008 23,190 
At plants / . a A 358 290 
ell ects eee ee oa See ese Sees 25,366 23,480 
Rehn EE 83 190 
e ß d E aie 156 437 
Domestic demand 100, 078 103,110 
Distillate fuel oil: 
Production: 
r ß Ee 804, 429 839, 373 
At gas processing plant 359 1,308 
Total production 804, 788 840, 681 
Crude used directly as distillate- --------------------------------- 780 712 
Stocks end of year: 
Arr. ð Raa a 159, 674 173,093 
A ³ÄWwiü.. ͥ⁰ (; ELLA Le LE eid 29 65 
KR œꝗ¼⁸ ß ³· q a . De 159,703 173,158 
Er ele d WEE 18,492 36 , 558 
EE 4,269 1,785 
Domestic demand-_-__.._-.__._-_-_____-------__------__------ 818,150 862,711 
Residual fuel oil: 
Production. —— ß) EE 215,956 275,814 
Crude used directly as residual........... 2... 22 2 222.22 2 eee 8,671 4,272 
Stocks enden ð : e ree ce EB eS 65,597 67 ,359 
MDOP Sec ase ee 395, 939 421, 561 
Fl llhlllnnd˖dd ee eee: 21, 940 : 
Domestic leman,,.d‚‚‚‚‚‚ddddd,d 8 651, 885 679, 873 
Jet fuel: š 
Production EE 273,229 814,928 
Stoeks.end- VV ð hddſdſ/ ³ ͥͤͥyß y luca uc cS LLL Seta 22,211 24, 277 
Pöl ³ðV³—AWA. oe Rep ⁵ ⁵⁵⁵⁵⁰ eS 32,391 37,492 
J ũͤũ d ee y . 8 2,021 2, 176 
Domestic demand ___ ß atomis cime 300, 770 348,279 
Naphtha type: 
Production: 
At renner frre oed Ei 109,650 121,165 
At gas processing plant 44 277 
Total produetio nnn 109, 694 121,442 
Stocks end of year: 
At refineries. ß ß Me uia is 9,028 8,880 
At DIAN EEN 14 24 
/// ³˙”¹A AAA ree LE 9,087 8,904 
e d E Oe a aE 5,450 7,117 
EXDOPRS.-- d a a d S ee 1,804 2,140 
Domestic demand. qa „„ 111,546 126,552 
Kerosine type: 
ProqguctiOn ²˙¹ . a a a a cua =s 163, 535 193,486 
Stocks end of -en. 13,174 15,373 
ImporiS.. / ³Ü·¹¹w¹vv ⁰ hee ee 26,941 80,375 
LR due d EE 217 36 
Domestic demand. ..............................- 8 189,224 221,727 
Lubricants: 
Productiól- =.6.23 2s oo ssse ese ses ul lu ðͤ LL E 64,870 65,684 
Stocks end of year JJ T ot 8 14,774 14,023 
Frhr. ⁰y 40 33 


See footnotes at end of table. 
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Table 32.—Salient statistics of the major refined petroleum products 


in the United States—Continued 


(Thousand barrels) 


1967 1968 P 
Lubricants—Continued 
Exports: 
RE 357 297 
)))! ³ðᷣ u ĩ ⁵ ⁵ĩ v E AE NE 18,338 17,921 
/ ³o· IIZ. See ees ees 18,695 18,218 
Domestic demanda... l u. ul ous seater Ium an Maa ceca 44,123 48 ,250 
Wax! 
, i Se Se ee et eee LE 5,719 5,887 
Stoeks end Of t = 8 1, 045 1,001 
III;»; m3. ³ AAA ete a 20 17 
EDO B e 22:20:54 ] FU 0 ese LE LOL eee Ge 1,687 1,588 
Domestic demand. ................................. 3,868 4,360 
Coke ! 
Production: 
Marketable coke. ._.-...--.---.--------_------------_------ 42, 944 45,828 
Catalyst: e kk we Se eee Sete 47,989 49,367 
eee ee A Eee 90,933 95,190 
Stocks. end of VeBE--- Adice d ccu 6,821 6,195 
EXDOPUS. —ꝰꝰ« ³ ſd Ee 16,279 19,497 
Domestic Ä / ⁵⁵ oL LE 75, 130 76,319 
Asphalt ! 
EEN 127 , 767 185,460 
rr eege 19,939 20,055 
l a 6,447 6,236 
Ft ³o˙ſ Add xx ee 459 473 
Domestic deman- aaa 131, 125 141,107 
Road oil: 
ene ß e a 6, 978 6,826 
Stocks end of vegr. h“ -- 804 550 
Domestic demand. ............. 2-2. 2222222 Ll ll cl 22a lll ll 2l. ll- 7,093 7,080 
Still gas for fuel: Production 140,034 149,796 
Liquefied gases (including ethane and ethylene): 
Production: 
At gas processing plants (LPG).............................- 326,618 351,262 
At refineries (LRG): 
For fuel 88 67,589 71,102 
For chemical use. e 43,928 46,985 
Total production at refineries- --.----------------------- 111,517 118,087 
Total production______ 438,135 469,349 
Stocks end of year: 
LPG stocks: 
r ³Ü¹ʃͥͥ e 58,685 71, 140 
A ⁵ð”»n⸗ d ot ß ee ici 555 647 
ee y 59, 240 71,787 
LRG stocks 
Kor fuel üs- o ³ow¹ / ciu de 4,741 4,225 
For chemical use 184 148 
Total LRG stock -.--------------------------------- 4,925 4,378 
Totale cee eee cect 64,165 76,160 
Fr ³o / ſ 9, 885 11,647 
a ĩ²ĩ*.]³ 8 9,262 10,608 
LPG used at refineries- ----------------------------- 68, 675 72,652 
Domestic demand: 
LPG for fuel and chemical use............................... 284, 523 267,575 
LRG for fuel use 65,978 71,618 
LRG for chemical use 43 ,950 46,548 
Total domestic demand. ........................ l.l l.l... 844,451 885,741 
Ethane (including ethylene): 
Production: 
At gas processing plants 86,733 45,808 
At renne e seeks 7,028 „446 
Total production 43,761 55,249 


See footnotes at end of table. 
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Table 32.—Salient statistics of the major refined petroleum products 


in the United States—Continued 


Liquefied gases—Continued 
Ethane—Continued 
Stocks end of year: 


AG pianta... ee 
At refiner ies 


Total stocks 


Domestie demand: 


Plant ethane 
r ͤ V 7,028 9,446 


(Thousand barrels) 


1967 1968 » 
2.115 2.212 
HERES 2.115 2,212 
36 ,089 45,706 


Total domestic demand. 443117 55,152 
Propane (including propylene): 
Production: 

At gas processing plant 169 , 767 184,409 

At refineries: E dud 
r ðWA. 53, 689 56 , 847 
For chemical use eee 18,444 17,489 
Total production at refineries- --------------------- 72,183 74,336 
Total production 241,900 258,745 


Stocks end of year: 


Plant propane stocks: 
Aff; ces tee ct os 
At refineries. --------------------- 
Total plant propane stocks 37,069 44, 528 


Refinery propane and/or propylene stocks: 


Total refinery propane and/or propylene stocks 
Total stocks. 


Plant propane used at refineries 


Domestic demand: 


Plant propane.......................- 


Refinery propane and/or propylene: 


Total refinery propane and/or propylene domestic 
demand...................... 
Total domestic demand 


Butane (including butylene): 
Production: 


At gas processing plants 


At refineries: 


Total production at refineries 
Total production 


Stocks end of year: 
lant butane stocks: 


, 9:23 52292 EIE 
Total plant butane stocks 


Refinery butane and/or butylene stocks: 


Total refinery butane and/or butylene stocks 
Total stocks..-.......---.----- 


See footnotes at end of table. 
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— M —— ora 52, 586 91,945 
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Table 32.—Salient statistics of the major refined petroleum products 


in the United States—Continued 


(Thousand barrels) 
1967 1968 » 
Liquefied gases—Continued 
Butane—Continued 
Imporis8 ou he ee ee ee ð . 5, 695 6,020 
RXDOPÍS.. , e ee et el 914 1,183 
Plant butane used at refineries. ------------------------------ 35 , 586 41,526 
Domestic demand: 
Plant duet ee ce oe ee eos 37 ,321 40,065 
Refinery butane and/or butylene: i 
ee ET EE 9,737 9,785 
For chemical uszse 10,101 12,478 
Total refinery butane and/or butyl ene 19,838 22, 263 
Total domestic demand. .......................... 57,159 62,328 
Butane-propane mixture: 
Production: 
At gas processing plants 15,433 12,367 
At refineries: 
Fer Ee E 3,753 4,671 
For chemical uses 7,022 6,494 
Total production at refinerieee s 10,775 11,165 
Total production 26,208 28 , 532 
Stocks end of year: 
Plant butane-propane mixture: 
RACH EE 413 528 
At refiner ies 53 12 
Total plant butane-propane mixture stocks 466 540 
Refinery butane-propane mixture: 
For fuel EE 159 342 
For chemical use. ..........................22....222  -----.-..-..- 1 
Total refinery butane-propane mixture stocks 159 843 
Talk ³ð aaa 625 883 
F Ä ⁰o³.. Add ĩðͤ y ⁰ ecole ch LL. 6, 566 6, 883 
Plant butane-propane mixture used at refinerie s 2,488 2,527 
Domestic demand: 
Plant butane-propane mixture 6,469 3,356 
Refinery butane-propane mixture: 
Eor fel ge... u uu See 3,655 4,488 
For chemical use. -.-.------------------------------- 7,022 6,020 
Total refinery butane-propane mixture 10,677 10,508 
Total domestic demand. .......................... 17,146 18 , 864 
Isobutane: 
Production: SC 
At gas processing plants’ 29,193 29,780 
At refineries: cu eee dee ð 1,845 1,115 
Total production -..-------------------------------- 80,538 30,895 
Stocks end of year: 
Plant isobutane: 
Ugo i. u; u —————— usut D To 8 5,086 7,786 
At refineries. ˙ ² Y——T—Z 88 205 278 
Total plant isobutane stocks. 5,241 8,009 
Refinery isobutane..---------------------------2--------- 42 82 
Talk ⁵ĩðVi 5,283 8,041 
Plant isobutane used at refneriesg ---------------------- 28 , 566 27,012 
Domestic demand: Refinery isobutane for chemical use 1,347 1,125 
Petrochemical feedstocks (excluding LRG):? 
Fee ³ð³B cie enu 87,428 95,422 
Stocks end of ũt -MMMM 3,254 2, 945 
Imports: Napbtha-A007... «„ 280 Ate 
Exports: M ... w See 2, 995 2, 796 
ä ——-— — — 


See footnotes at end of table. 
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Table 32.—Salient statistics of the major refined petroleum products 
in the United States—Continued 


(Thousand barrels) 
1967 1968 P 
Petrochemical feedstocks—Continued 
Domestic demand: 
SEIL CAG oes ß ee cada LE EMI as 9,582 9,844 
Naphtha -ab J) ⁵ ↄ ⁵ÄWW u m ß OVES 50, 349 55,618 
OUR GF ee sr st ] -- ec Be as ß uM ete bee 24,054 27,478 
Total domestic demand. ..............................-... 88,935 92,935 
Miscellaneous products: 
Production: 
Ar ð ... . .. l... ........- 14,919 15,711 
At gas processing plant 1,566 8,985 
Total production. ..............-.-.-.-L2l ee 16,485 19,096 
Stocks end of year: 
At enen ð aM Ede 1,708 1,981 
AtDIAniA. Lu . e eet edu 48 25 
r d emi 1,751 1,956 
EE “ x ß MD EE 908 1,049 
Domestic demand... „„ 15, 995 17, 842 
1 oils (net): 
EE EE 34, 237 26,152 
Stocks 4 ³˙ m.. ⁵ ecco wee oul cca cscs EE 90,201 93,399 
ELENG leese 35,225 29,350 
ShoFbSgO. c oci n ce ð y 106,592 116, 691 


P Preliminary. 
the short ta factors: 280 pounds of wax to the barrel; 5 barrels of coke to the short ton; 5.5 barrels of asphalt 
e short ton. . 
n yino; se at petroleum refineries. Data for LRG for petrochemical feedstocks are included with those for 
“Lique 
Note: “Stocks at refineries” include stocks at refineries and bulk terminals operated by refining and refined 
products peine c companies, including pipeline fill. Stocks at plants” include stocks at plants and terminals 


operated by natural SC processing companies and natural-gas liquids stocks at terminals of pipeline companies, 
including pipeline 


Table 33.—Input and output of petroleum products at refineries in the United States 


(Thousand barrels) 
1964 ! 1965 1966 1967 1968 » 
INPUT 
Crude petroleum: 
Domestie „ 2,785,895 2,847,821 3, 000, 789 8,174,004 $3,308,044 
Foreign... secs cc desi ec A 487 ,484 458 ,021 446 ,404 408,590 466,16 
Total crude petroleum 8,223,829 3,300,842 3,447,193 8,582,594 8,774,860 
Unfinished oils rerun (net)) 27,322 32,111 84,632 34,287 26, 
Total crude and unfinished oils rerun. ... 3, 250,651 38,882,958 3,481,825 3,616,881 3,800, 512 
Natural gas liquids: 
Liquefied | petroleum gases 67,419 68,408 68,676 72,652 
Natural gasoline................... NA 129,552 133,484 138, ,521 148,182 
Plant condensate.................. 28,705 88,698 37, 524 38, 552 
Total natural gas liquids... 213,264 226,676 285,580 244,720 259 , 886 
Other hydrocarbons and hydrogen ?.......... 29 18 30 87 28,871 
OUTPUT 
Gasoline: 
Motor gasoline.......................- 1,598,186 1,645,172 1,742,456 1,801,448 1,902,264 
Aviation gasoline...................... 61,214 48,569 41,244 87,074 81,5 
Total gasoline ....-------------- 1,649,400 1,698,741 1,788,700 1,888,522 1,938,827 


See footnotes at end of table. 
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Table 33.—Input and output of petroleum products at refineries 
in the United States—Continued 


(Thousand barrels) 
1964 ! 1965 1966 1967 

Special naphthas 333333 25, 878 28 , 734 29 ,634 26,912 
KRerosggee ud 93,474 93,149 100,849 99,061 
Distillate fuel oil 3333)... 742, 046 765,071 784, 717 804, 429 
Residual fuel oll)! 266, 825 268, 567 263,961 275, 956 
Jet fuel: 

Naphtha tGwne \ NA { 82,416 89,478 109,650 

Kerosine type---.--------------------- { 108,639 125,978 163,535 
| Total jet fuel EE 182,131 191,055 215,446 273,185 
Lubricants sas p OP Rae eee er RECAP 63,668 62,925 65,407 64,870 
War fu. uu y a ie lees 5,352 5,456 5,772 5,719 
Cö»Ü˙%’ oe een Se eee ⁰⁰yʒ ues 84,325 86,040 88,054 90,933 
!! J ESL DD sss a 114,879 123,604 129,579 127,767 
SC ocio 88 6,371 6,565 7,247 6,978 
Still gas for fuel 131, 257 135, 295 135,469 140,034 
Liquefied refinery gas (including ethane): 

For fuel use. -20ain 59,244 56,125 60,090 67,590 

For chemical use 417,268 50,711 46,128 43,927 

Total liquefied refinery gas 106,512 106,836 106,218 111,517 

Re troctemical feedstocks: | 

/ en ee ee ee 7,698 8,926 10,068 9,500 

N aphtha—400° IHE a Sma aA EES 24,657 24,511 88,446 50, 578 

e una E 25,228 24,414 25,989 27,355 

Total petrochemical feedstocks ` 57 , 578 57,851 74,453 87,428 

Miscellaneous products ---..-.------------ 13, 589 13, 994 16,474 14,919 
Shortage (or overage) z —79, 335 —80, 241 89,535 —106, 592 


P Preliminary. NA Not available. 
1 New basis, comparable to 1965 data 


1968 » 


27,643 
100,545 
839,378 
275,814 


121, 165 
193, 486 


314, 651 
65, 684 


6, 826 
149, 796 


71,102 


46, 985 


118, 087 


—116,691 


2 Benzol shown for 1964-67 only. “Other hydrocarbons and hydrogen“ is defined as including all hydrogen, 
process natural gas, tar sand bitumen, gilsonite, shale oil, and other naturally occurring hydrocarbon mixtures 


consumed as raw materials in the production of finished ‘products. 


3 Production at natural gasoline plants shown as direct transfers and omitted from the input and output at 


the refineries. 


4 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of 


asphalt to the short ton. 
5 Includes losses or gains in volume during processing. 


Table 34.—Percentage yields of refined petroleum products 
from crude oil in the United States 


Finished producta 1964 ? 1965 1966 1967 
p d TNNT 44.1 44.0 44.4 44.0 
Special pnapnbhtbhasa . 8 9 9 . 8 
% ⁰˙ / Add ee ee 2.9 2.8 2.9 2.7 
Distillate fuel oil. .............................- 22.8 22.9 22.5 22.2 
idtial fuel oil; . 22 . cece ERES 8.2 8.1 7.6 7.7 
Jet fuel. ege 5.6 5.7 6.2 7.5 
Lubricating oilil“““nss 2.0 1.9 1.8 1.8 
CS ee oo MONEMUS 2 2 2 .2 
%0( . ] . . E E 2.6 2.5 2.5 2.5 
All ——— I 3.5 8.7 8.8 3.5 
Nl AAA 2 2 2 2 
SSI ³ KA ĩ . 8 4.0 4.1 3.9 3.9 
Liquefied gases U „ 3.8 8.2 3.0 8.1 
Petrochemical feedstocks........................ 1.8 1.7 2.1 2.4 
Other finished products. e .4 6 .6 .4 
Sei; ⁵ð d ĩð2K quc d c ie —2.4 —2.4 —2.5 —2.9 
/ ˙¹Ü¹Oẽmůͥͥ Rm A ewes 100.0 100.0 100.0 100.0 


P Preliminary. 
! Other unfinished oils added to crude in computing yields. 
2 New basis, comparable to 1965 data. 


1968 p 


Š 


New 
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PAD district 1 
Item 
East Appa- 
Coast lachian Total 
No. 1 
INPUT 1967 
Crude petroleum: 
Domestic............................- 223,522 24,734 248,256 
Peres Lus Su Sor 194,458 19,817 214,275 
Total crude petroleum 417,980 44,551 462,531 
Unfinished oils rerun (net $5,649 1,459 57,108 
Total crude and unfinished oils rerun.. 473,629 46,010 519,639 
Natural gas liquids: 
Liquefied petroleum gases 2,007 112 2,119 
Natural gasoline......................- 2,193 11 2,204 
Plant condensate. ..................... 651 m 651 
Total natural gas liquids. . ........... 4,851 123 4,974 
Tu EE 
OUTPUT 1967 
Gasoline: 
Motor gasoline.......................- 214,918 17,409 232,327 
Aviation gasoline.....................- 1,879 27 1,906 
Total gasoline . 216,797 17,436 234, 233 
Special naphthas 121 .. 1,067 386 1,453 
Kerosine I ee eain 12,184 1,087 13,271 
Distillate fuel ol) 123,238 11,137 134,375 
Residual fuel oil. 36,272 4,669 40, 941 
Jet fuel: 
Naphtha type 5,425 1,435 6, 860 
Kerosine type 5 11, 033 391 11,424 
Total jet fuel 1____ . 16,458 1,826 18, 284 
Lubricants: 
Bright stock g g ... ... . 454 1,233 1,687 
Neutral RETE 2,499 1,839 4,338 
Other grades 3,543 769 4,312 
Total lubricants FEE 6,496 3,841 10, 337 
Wax: i 
Miecrocrystalline....................... 268 219 487 
Fully refined.......................... 1,075 07 1,142 
EE 586 163 749 
Total wax 2........................- 1,929 449 2,378 
ORG ost cede . P CN tps 14,376 139 14, 515 
Asphalt EEN 26,595 1,705 28, 300 
OSC Oll. Mende x AE 709 709 
Still Ce e!!! 17,512 1,771 19, 283 
Liquefied gases (including ethane): 
or fuel uss 10,819 654 11,473 
LRG for chemical use.................- 3,9477 3,947 
Total liquefied gases 14,766 654 15,420 
k rien feedstocks: 
it opie rcc p D dne Leto 1,635 ...... 1,635 
N ege 400° kez uu. neis 2,642 11 2,653 
Eeer es A 733 319 1,052 
Total petrochemical feedstocks........ 5,010 330 5, 340 
Miscellaneous products 1... 1,617 1,79 


Processing gain (—) or loss (S) —15, 837 
See footnotes at end of table. 


181 8 
—187 —16, 024 


Appa- 
lachian 
No. 2 


21,796 


4,698 
1,788 


32 
20 
52 


PAD district II 
Ind., Minn., Okla, 
Ill., Wis., Kans.. B 
etc. etc. etc. 
627,106 24,916 309,274 
22,147 34,700 ....... 
649,253 59,682 309,274 
—1,225 —57 —171 
648,028 59,625 309,103 
9,613 2,114 8,776 
11,823 66 11,202 
98 399 ....... 
21,534 2,579 19,978 
36 13 
345,566 30, 721 179,419 
3,796 ...... ,247 
349,362 30,721 180,666 
3,462 ...... 2,316 
18,166 2,289 4,954 
134,507 15,107 73,002 
44,222 5, 435 4,750 
8,649 1,763 8,720 
24, 133 ...... 9,090 
32,782 1,703 17,810 
037 ...... 1,030 
4,245 ...... 8,232 
1,398 ...... 1,209 
6,280 ...... 5,471 
VE 254 
254222 221 
33 88 
409 ...... 563 
18,617 2,059 7,765 
28,134 2,452 12,714 
1,896 111 1,278 
29, 08 1,842 11,526 
11,039 1,267 8,890 
2.294 ` —— 431 
13,293 1,267 9,321 
1.308. aene Zuma 
„10 2,047 
2,368 407 
74,807 ...... 2,454 
6 1,019 111 1,802 
—630 —19,556 —1,553 —7,298 


(Thousand 


Total 


983,092 
56,913 


1,040,005 
—902 


1,039,103 


20,610 
23,099 
510 


44,219 
69 


567,531 
5,043 
572,974 
6,120 
26,157 


227,374 
56, 195 


19,164 
33, 243 
52,407 
1,667 
7.756 
2, 607 
12, 030 
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in the United States, by districts 
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barrels) 
PAD district III PAD PAD 
district IV district V 
— — — United 
Texas Texas Ark., La., Other States 
Inland Gulf La. Gulf Inland N. Mex. Total R West Coast 
etc. Mt. 
127, 650 833,245 401,460 49,201 12,438 1,423,904 118,895 399, 767 3,174,004 
Apt uu. 8 I/ ¿QUQ 619 ,511 130,272 408, 590 
127,650 833,245 402,079 49,201 12,438 1,424,613 125,406 530,039 3,582,594 
— 374 —24, 911 —7, 113 422 59 —31, 917 —360 10, 308 34, 237 
127, 276 808, 334 394, 966 49, 623 12,497 1,392, 696 125, 046 540, 347 3, 616,831 
7,993 18,799 7,725 1,092 438 36,047 2,580 7,319 68,675 
15, 708 60,009 17, 992 691 94,800 1,892 16,526 138,521 
37 28, 996 2,907 3,497 .......... 35,437 320 606 37,524 
23,738 107,804 28,032 5,581 1,129 166,284 4,792 24,451 244,720 
! Ee Qala e 15 8 iu 87 
80,820 401,830 188, 269 24,004 7,554 702,477 63,192 235,921 1,801,448 
3,500 ,907 h Dë cee 21,905 791 ; 37,074 
84,320 411,137 197,307 24,004 7,554 724,382 63, 983 243,350 1,838,522 
1, 083 18,471 589 769 6 15,918 613 2,808 26,912 
1,585 37,015 16, 433 1,797 161 56, 991 1, 987 655 99,061 
21,052 214,853 92,901 11,538 2,210 342,554 28,000 72,126 804, 429 
4,440 40,052 14,773 1,770 423 61,458 10,832 106, 530 275, 956 
9,659 27,620 13,441 1,564 1,390 53,674 4,279 25,673 109,650 
7,808 83,276 34,937 Ili sareen 76,334 2,539 39,995 163,535 
17,467 60,896 48,378 1,877 1,390 130,008 6,818 65, 668 273,185 
5 1,955 (pa T 2,070 33 541 6,604 
PRONUS 8,647 5,851 494 .........- 14,992 280 1,092 29,058 
156 17,306 1,093 1002" S: cus 20,057 64 2,168 29,208 
156 27,908 7,665 1399888 37,725 377 4, 401 64, 870 
76 216 H sade cee bye 383 IJ. 1, 157 
. 564 %%%» bodasidin 899 66 291 2, 914 
n 374 Sô⁵·; 8 456 22 182 1, 648 
76 1, 154 508 8 1,738 99 473 5,719 
2,253 16,735 9, 365 2,007 190 30,550 3,066 13,609 90, 933 
5,846 8,197 8,548 6,017 794 29,402 7,337 17, 618 127, 767 
53 MO. uou elu Er Stee. QG lu amu 95 1,437 1,452 6,978 
4,549 27,362 11,250 2,112 498 45,771 „504 26, 935 140, 034 
3,394 11,475 7,223 1,466 282 23,840 2,249 8,501 67,590 
454 23,730 8,322 3300 sacs 32,736 EE 4,559 43,927 
3,848 35,205 15,545 1,696 282 50,576 2,249 13,060 111,517 
3 h Sus SZ Geese te 5,799 ........... 670 9,500 
1,429 32,814 1,600 611 19 36,473 ........... 5,294 50,573 
2,511 9,285 10,249 285 140 22,470 336 725 27,355 
3,940 47,898 11,849 896 159 64, 742 336 6,689 87,428 
1,138 3,881 1,131 1 6, 160 522 3,501 14,919 
—777 — 29, 668 —13, 304 —1, 285 —41 —45, 075 —2, 319 — 14,137 — 106,592 
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Table 36.—Input and output at refineries 


(Thousand 
PAD district 1 PAD district II 
Item 
East Appa- Appa- Ind, Minn, Okia, 
Coast  lachian Total  lachian III., Wis., Ge Total 
No. 1 No. 2 etc. etc. etc. 
INPUT 1968 P 
Crude petroleum: 
Omesti6. B 2 22 S debe bee 193,388 24,942 218,330 20,873 634,359 25,242 324,009 1,004,483 
Foreign EE 237,376 21,370 258,746 834 35,193 42,308 59 78,394 
Total crude petroleum. .............- 430,764 46,312 477,076 21,707 669,552 67,550 324,068 1,082,877 
Unfinished oils rerun (net)) 42,388 ; 43,794 500 —1, 625 79 — 806 —1,8 
Total crude and unfinished oils rerun.. 473,152 47,718 520,870 22,213 667,927 67,629 323,202 1,081,031 
Natural gas liquids: B 
Liquefied petroleum gases 2,031 53 2,084 106 9,342 2,671 8,773 20,892 
Natural gasoline....................... 2,385 8 2,393 15 12,305 258 11,118 23,691 
Plant condens ate 956 21 9772 183 436 ....... 619 
Total natural gas liquids. .. .......... 5,372 82 5,454 121 21,830 3,365 19, 886 45,202 
Other hren... ð ᷣ 8 140 140 
OUTPUT 1908 v 
Gasoline: 
Motor gasoline........................ 213,140 18, 134 231,274 11,732 360,036 37,119 186,046 394, 933 
Aviation gasoline...................... 1,238 10 1,248 ...... 2,708 ...... 830 ; 
Total gasoline 1... .................- 214,378 18,144 232,522 11,732 362,739 37,119 186,876 598, 466 
Special naphthas 111212 1,044 354 1,398 307 3,651 ...... 1,801 5,849 
Kerosine e .. 11,669 1,327 12,996 809 17,691 2,638 4, 976 26,114 
Distillate fuel oil 111444. 120,821 11,759 132,580 4,528 135,746 16,780 70,081 233, 735 
Residual fuel oil........................... 6,129 ; 40,829 1,807 42,563 ,930 vi : 
Jet fuel: 
Naphtha type......................... 7,078 898 7,916 0 10,213 978 8,661 19,858 
Kerosine type 11,418 526 11,944 29 27,058 105 11,402 89,254 
Total jet fuel III.. 18,496 1,364 19,860 35 37,871 1,143 20,063 59,112 
Lubricants: 
Bright stock k 501 1,266 1.767 613 ...... 854 1,407 
Nil etr usa uy 2,283 1,845 4,078 250 4,092 ...... 8,434 7,776 
Other gradeg ------------------------- 3,715 760 4,475 ...... 1,218 ...... 1,304 2,582 
Total iubricants..................... 6,449 3,871 10,320 250 5,923 ...... 5,052 11,825 
Wax: 
Microcrystalline....................... 208 233 531 sy eem 249 286 
Fully refined.......................... 1,042 41 1,083 30 242 ...... 203 535 
Others 22 teen Ui cere eves uses 666 231 897 23 134. 63 220 
Total Wax 2 css ĩðͤ u S... 2,006 505 2,511 53 413 ...... 575 1,041 
/ ·o A ⁵ĩo 12, 766 147 12, 913 88 18,531 „901 8,441 29, 961 
/ ⁰˙ ect cua escece 27,478 1, 760 29,238 1,823 31,105 2,674 13, 697 49, 299 
oad KT . voncasus 621 621 e 1,276 212 932 420 
Still gas for fuel 18,442 1,811 20, 253 954 30,101 2,188 12, 204 45,507 
Liquefied gases (incl. ethane): 
G for fuel use 11,307 808 12,175 10,342 1,241 9,330 21,252 
LRG for chemical use.................. 4,314 38 4,352 ...... 2,047 ...... 744 2,791 
Total liquefied gases . 15,621 900 16,527 339 12,389 1,241 10,074 24,043 
Petrochemical feedstocks: 
Still gas wesc ys M 1,50 1.,50ů 1,370 146 21 1,887 
Naphtha —4000))ʒ .....- 3,318 ...... 3,318 ...... 4,113 ...... 1,861 5,974 
Others co Susu ³˙ A 8 1,152 464 1,616 ...... 2,970 ...... 609 2,985 
Total petrochemical feedstocks........ 5,975 404 6,439 ...... 7,859 146 2,491 10,496 
Miscellaneous products 1. 1,597 109 1,706 8 1,427 122 1,232 789 
Processing gain (—) or loss (-+).....----.---- —14, 347 —42 — 14,389  —489 — 19, 588 —2, 100 —8, 157 —30, 334 
P Preliminary. 


1 Production at gas processing pau shown as direct transfers and omitted from the input and output at the refineries. 


2 Conversion factors: 280 poun 


of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of 


asphalt to the short ton. 
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in the United States, by districts—Continued 


barrels) 
PAD district III PAD PAD 
district IV district V 
Texas Texas Ark., La., Other United 
Inland Gulf La. Gulf pros N. Mex. Total Kréi West Coast States 
eto. S 


135,372 361,998 444, 472 51,123 13,411 1, 506, 373 124, 008 454,850 3, 308,044 
6’: — 748 748 9,867 118,561 466, 316 


185,372 861,995 445,220 51,123 13,411 1,507,121 133,875 573,411 3,774,900 
—510 —17,412 —1,407 405 —22 —24,940 —295 9,445 26, 152 


134,862 844, 583 437,813 51,528 18,989 1,482,175 133,580 582,856 3, 800, 512 


8,091 19,202 9,940 1,138 539 38,910 2,944 7,822 72,652 
14,881 68,115 19,551 1,076 542 103, 665 2,189 16,194 148, 132 
56 30,831 1,967 „il 35, 955 350 651 38, 552 
22,528 118,148 31,458 5,915 1,081 178,530 5,483 24,007 259,336 
3 221 0 Recens 784 166 2, 877 
84,035 414, 435 212,200 24,010 8,030 742,782 68,012 204,003 1,902,264 
2,596 10,296 r ( 22222529 18, 780 616 7, 386 31, 563 
86, 631 424,731 218,154 24,016 8,030 761,502 69,228 272,049 1,933,827 
980 14,427 568 859. ¿cc 16,834 144 8,418 27,043 
1,504 38, 716 17, 137 1,637 122 59,116 1,029 690 100, 545 
22,840 229,489 102,053 12,258 2,951 368, 991 92,138 71,929 839,373 
4,562 41,336 11,453 2,282 382 60,015 10,765 108, 155. 275,814 
10,233 31,553 14,305 1,683 1,586 59,300 3,537 80,494 121, 165 
9,201 33, 133 46, 253 689 88, 656 3,578 50, 054 193, 486 
19,434 64, 686 60, 558 1,752 1,586 148,016 7,115 80,548 314, 65 
— M 1,589 39h 8 2,179 45 50 §,808 
3 9.272 5, 634 020 cl. 15,426 257 1,365 28,902 
156 17,355 1,172 1,472. cie 20,155 55 8,707 80,974 
| 156 28,216 7,396 1,992 o ass 87,700 357 5,422 65, 684 
— — r F c 
80 235 „„ Lë 381 14 EA 1,209 
OR 579 o 122229 ee 60 7 2,810 
— —À 424 Bé Qs. 2 ru cs uoltzziss 508 18 225 1,868 
80 1,238 ecc 1,774 89 472 5,887 
2,289 17,851 10,858 2,147 192 32, 837 3.272 16, 207 95,1 
6, 285 7,694 9,782 0,349 684 30,794 7,080 18,443 135, 460 
52 e —^«———— OiuanoeS 104 2,033 1,588 6,826 
4,883 29,914 18,770 2,335 569 51,471 4,699 27,866 149, 796 
=> Y Y Rn n 
3,104 13,619 8,836 1,320 287 27, 166 1,971 8,538 71,102 
385 ° 25,914 9,014 18888 soc. 85,498 12 4,332 40,985 
8,489 89,588 17,850 1,505 287 62,664 1,983 12,870 118,087 
— M „ ée, Gossett? 5,986 134 682 9,844 
1,566 37,863 1,740 re e E ANE „sse 3, 904 55,077 
2,628 8,495 12,493 311 188 24,115 355 1,430 80,501 
4,194 52,344 14,233 1,023 188 71,982 489 6,016 95,422 
1,140 5,279 1,117 „ 7,543 53 3,020 15,711 
1, 126  —32,114 —15, 554 —1. 319 +79 —50, 034 —2, 451 219,433 —1186, 6901 
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Table 39.—Consumption, production, and distribution of 
motor gasoline in 1968,’ by PAD districts 


Consumption 

Supply: 
Poduetiesess 0 22202 2 
pill 8 


Received from other districts: 
Fro 


Total receipts................-....- 
Total supply-.....................- 
Stock change. ..........................- 
Shipped to other districts.................- 
E EE 
Domestic demand.......................- 


(Million barrels) 


— —— —- n—  —O———— ———————— I — ae 


PAD districts 


III 


IV 


1,925. 
—2 


1 Apparent distribution of motor gasoline by districts is based on pipeline, tidewater, and river shipments 


compiled 


by the Bureau of Mines, and estimate of annual interdistrict railroad shipments is based on data 


compiled by the Bureau of Transport Economics, Interstate Commerce Commission, and records compiled 
by the San Francisco office of the Bureau of Mines. An estimate of shipments moving from PAD district IT by 
way of the Great Lakes and the Ohio River to PAD district I was computed from 1966 data compiled by the 


U.S. Army Corps of Engineers. 


2 Compiled from data supplied by the American Petroleum Institute. 
3 Includes motor gasoline produced at natural-gas processing plants. 
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Table 40.—Production (refinery output) and consumption of gasoline 


(excluding naphtha) in the United States, by States 


889 


(Thousand barrels) 
1966 1967 1968 P 
Production Consump- Production Consump- Production Consump- 
tion ! tion ! tion ! 
Alabeamg e (2) 81,188 (2) 82,179 (2) 34,006 
STT WEE She ees 1,967 .......-- 502000 2,235 
AFIZOUB. 2 ccc ³ð i ⁵ ² A ee e ee. 16,202 ˙ ü ees 16,720 18, 088 
Arkans ass 13,067 19,057 13,128 19,796 13,825 20,935 
California. ----------- 3 286,897 185,251 3 243, 350 189,968 3 272, 049 201,477 
Colorado 6, 20,363 6,821 21,702 6, 22,944 
E Mc uu e 8 24,062 ........- 24,844 26,408 
ERREUR UR (4) 5,518 (4) 5, 752 (4) 5,776 
District o of Columbia. 5,518 ......... 5,477 — 5, 575 
C ĩ˙¹ͥdꝛ. ³¾ 60m» ĩðͤ coe 586 EE 61,8008 67,320 
Gr ec Been OSO S 42,268 .......-. 44,621 ......... 48,285 
Hawaii... . -2MM (2) 4,792 (3) 4,820 (3) 5,005 
0. beeen 7,986 .......-- 8,840 ......... 8,617 
ines he 129,638 91,999 129,482 94,642 136,576 99,696 
Ganannssñ; 85,871 51,471 85, 879 52,622 ,059 55, 676 
TOW8 oon ↄ ↄ :.. usu ci 33,092? 84,292 ........- 85,148 
iud pecu tur le ? 89,140 27,198 792,215 27,699 795,898 29,114 
Kentuck eee 6 19,592 27,777 6 22,641 29, 295 6 22,848 30, 958 
Louisiana 174,869 29,899 201,780 81,277 222, 477 33, 027 
e ae, week ieee 9 50 9,768 `... J... - - 10,316 
Maryland...................--. --..-..-..-.- 29,863 ......... 80,746 ........- 82,945 
Massachusetts 41,540 ......... 42,639 ........- 45,156 
Michigan. 27,782 83,649 25, 664 85, 379 26,478 91, 128 
Minnesota... 17,210 88,108 17,578 88,910 22, 481 41,094 
Mississippi. 1llmũdl ? 5,615 20,255 26,463 21,192 ? 6,868 22,417 
Missouri 7) 48,230 (7) 49 ,594 1) 51,939 
Montang 2-2- 17,014 9,350 18,757 9,458 21,210 9,560 
Nebraaka ---------->-- (1) 17,629 (7) 18,190 7) 18,962 
Nevada ⁵ĩ˙¹rw¹ . K --........- „50899 6,184 ......... 6,726 
New Hampshire.. 6,2988 8 6,621 x... 7,218 
New Jergen ---- -1o 82,070 57,963 81,670 59,139 79,970 62,572 
New Mexico 7,620 11,507 7,554 11, 8,080 12,297 
New York. kk 10,431 127,346 10,881 133,159 11,881 138,401 
North Carolina . 46,2900 48,8188 51, 502 
North Dakota ` --------- $ 18,600 8,419 8 13,143 8,401 8 14,638 8,698 
e EE 94,199 92,140 97,521 94,649 101,510 100,086 
Oklahoma.....................- 85,705 81,723 88,451 32,227 90, 978 83,786 
F abc cee dee 20,975 ........- 21,668 ......... 22,766 
Pennsylvania 1130, 098 89,436 1132, 950 92,508 14131, 756 97,040 
Rhode Island. ................-.  ......... 6,8888 7,099 aaa- 7,596 
South Carolina. 2258418 —ö 23,890 25, 687 
South Dakota =-=- 862 —8 9,4141141 , 822 
Tennesse (6) 35,955 (°) T. (°) 89,200 
%%% 489, 937 137, 446 495,457 139, 126 511,362 153,876 
LD ed cae ec S S: 20,498 11,159 20,42 11,717 20,590 12,810 
ooh aaan ahea 4,048 ........- 4,33 , 55 
Virginia... a eo se cece (5) 40,063 (5) 42,102 (5) 45,011 
Washington (3) 30,105 (3) 31,821 (3) , 886 
West Virginia. 57,821 13,658 5 8,732 14,171 5 8,965 15,120 
Wisconsin... (8) 38, 556 (8) 89, (8) 42,017 
Wyoming 19, 598 4,997 17,976 5, 106 20, 485 5,514 
l 1,788,700 1,885,109 1,888,522 1,894,918 1,988,827 2,009,928 
P Preliminary. 
1 American Petroleum Institute. 


2 Alabama included with Mississippi. 
3 Washington and Hawaii included with California. 
* Delaware included with Pennsylvania. 


s Virginia included with West Vi 


E 


6 Tennessee included with Kentucky. 


7 Nebraska and Missouri included with Kansas. 


8 Wisconsin included with North Dakota. 
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Table 42.—Shipments of aviation fuels 
(Thousand barrels) 


Shipments to PAD districts 
Product and use —— nF ' VS. 


I II III IV V total 


1967 
Aviation gasoline: 
For commercial use: 


ae, --------2----- 2, 509 2,286 602 254 267 5,918 
Factory... .. .. .. . . . .. l... -..- 81 48 64 2 19 214 
General aviatioůnn .. - - 1,993 2,337 1,550 861 2,788 8,974 
Total. ]7rba 8 4,588 4,671 2,216 617 8,019 15,106 
For military use. ................- 5,593 3,005 4,636 488 6,015 19,787 
Jet fuel: 
For commercial use: 
Airlines 64, 196 34,403 12,821 4,897 51,508 167,825 
Factory... -2-2-2-0 1,172 479 180 — 697 2, 528 
General aviation 1,703 1,692 465 81 1,548 5,489 
I!» 67,071 36,574 13,466 4,978 53,753 176,842 
For military use: 
^n Seren eet rR MPO NENNT UE 80,867 20,889 20,586 8,769 186,959 113,060 
JP-5B. ee 5,260 191 8,128 .......- 7,843 15,922 
Other. aoc c cc hee ie 104 75 s 591 985 
I jj! anaa 36,231 21, 155 23, 879 8,769 44,898 129,917 
1968 
Aviation gasoline: 
For commercial use: 
Airlines 2:22 520x255 1,456 1,078 826 130 668 8,662 
, dedenna ana 110 19 81 2 18 180 
General aviation 2,184 2,649 1,718 879 1,668 8,598 
e m es 8,749 8,741 2,075 511 2,854 12,480 
For military use 4,168 2,947 5,878 405 4,854 18,247 
—— hi. s,yÇ AA EE EUR 
Jet fuel: 
For commercial use: 
Airlines 76,192 40, 468 15, 705 5, 945 57,840 195,650 
Factory -.-------------------- 1,648 524 267 ......-- 811 8,250 
General aviation. ............- 2,114 1,898 959 818 1,175 6,464 
Toll... EE 79,954 42,890 16,931 6,263 59,326 205, 864 
aoe s ĂLA 
For military use: 
x MI E PER u son 2 34,688 18, 873 26,429 3,170 242, 838 125, 988 
hp PA IP 5,568 79 2:910. eech 7,788 16,805 
LO Td EE 124 117 404 ......-- 672 1,317 
Total... 24e uice EE 40,375 19,069 30, 203 8,170 51,298 144,110 


1 Excludes 783,000 barrels imported directly by the military. 

2 Excludes 244,000 barrels imported directly by the military in PAD District I and 1,896,000 barrels in 
PAD District V. 
Definitions of terms used in this table: 

1, Aviation gasoline—Any fuel in the gasoline boiling range for use in a piston-type aviation engine. 

2. Jet fuel—Any fuel for use in an aviation turbine engine. 

3. Airline—Sales to U.S. certificated air carriers, including air freight carriers, international air carriers (if 
delivery is made in the U.S.), and to such other air carriers as supplemental or nonschedule carriers, air taxi, etc. 

4. Factory—Direct sales to airframe and engine manufacturers. 

5. General aviation—Primarily sales to distributors and airport dealers. 

6. Military—Sales to Defense Fuel Supply Center and to other military agencies of the Government. 
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Table 49.—Statistical summary of petroleum asphalt and road oil 


(Thousand short tons)! 


1964 1965 1966 1967 1968 » 
Petroleum asphalt: 
Production... 2-22: 022m Jo ee cee se 20,887 22 ,473 23,560 23,230 24,629 
Imports (including natural)..................-- 1,075 1,146 1,110 1,172 1,134 
PXDOPS EEN 139 71 87 77 86 
Stocks (end of period) ........................- 2,588 2,941 3,147 8,625 3,646 
Apparent domestic consumption 21,845 23,194 24,977 23,847 25,656 
Petroleum asphalt shipments: 
FFC EE 17,367 18,307 19,648 18,867 20,690 
Ne EEN 4,217 4,045 3,992 3,967 4,767 
DEEN 2,462 2,832 2,198 2,969 2,922 
TOUR suu 24,046 25,184 26,438 25,803 28,379 
Road oil: : | 
Production eene eee 1,158 1,194 1,318 1,269 1,241 
Stocks (end of period) ........................- 105 106 167 146 100 
Apparent domestic consumption...............- 1,190 1,193 1,257 1,290 1,287 
Road oil shipments. .......................... 1,208 1,189 1,045 1,033 1,154 


P Preliminary. 
1 Converted from barrels to short tons (5.6 barrels =1 short ton). 
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Table 51.—Salient statistics of road oil in the United States, by months and refining districts 


(Short tons)! 


1967 1968 P 
Month and refining districts Stocks Domestic Stocks Domestic 
Production (end of demand Production (end of demand 
period) period 
Month: 
January--.. .. 2.2.2.2. 54,000 202 ,727 18,864 40,864 160,909 25,686 
Februar 43,818 216,000 80,545 46,182 178,636 83,455 
March... .. .. . . - e eene 09 268 ,182 30,909 82,182 212,182 43, 636 
Apr.... ;0 101, 818 337, 636 32, 364 70, 364 225,455 57,091 
A nio uM LEE dL 102,727 324,727 115, 636 128,818 254,727 94, 545 
r! A 88 171,278 820,000 176,000 159,818 247,818 166,727 
July 3s eee eee Eege 220,000 288 ,909 251,091 202,727 215,455 235,091 
A pF DEA 210,727 238 ,278 266 ,868 208,272 157,455 261,278 
September... e 118,364 200,182 151,455 144,727 186,909 165,273 
Stoob ege 85,636 157, 818 128, 000 94,182 109, 636 121, 455 
November 42, 909 139, 818 60,909 39,637 94, 727 54, 546 
December... oy 34, 364 146, 182 28, 000 33,818 100, 000 28, 545 
er A 2222 1,268,727 146,182 1,289,686 1,241,091 100,000 1,287,278 
Refining districts: 
Mast Coast- ß , FFC 
Appalachian No. 11... 128,909 ......... 112,909 2,868 
Appalacnlan D Ee EE EE 
Indiana, Illinois, Kentucky, etc. 344,727 19,818 232,000 5, 686 
Minnesota, Wisconsin, etc..... 20,182 ......... | 5455 asos 
Oklahoma, Kansas, ete _ ` 232,864 41,636 169,455 22,864 
Texas Inland. .............-- 9,686 ......... NA | 9, 182 NA 
Texas Gulf Coast 7,636 864 | 20,364 864 
Louisiana Gulf Coast......... ...d |.—  — Wuüuensawcwio 8 
Arkansas, Louisiana Inland, etc. ......... ......... | B tert 
New Mee . . . . . . ... manea --....-.... EE 
Rocky Mountain............. 261,278 21,818 | $69,686 30,182 
West Coast 264,000 56,546 288,727 38,909 
TOU. coli cee ec Se 1,268 , 727 146,182 1,289,686 1,241,091 100,000 1,287,278 


P Preliminary. NA Not available. 
1 Converted from barrels to short tons (5.5 barrels =1 short ton). 
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Table 55.—Production of miscellaneous finished oils 
in the United States in 1968, by districts and classes 


(Thousand barrels) 
District Absorp- 0 Specialty Petro- Other Total 
tion latum oils chemicals products 
Mast e ENEE 1,062 283 252 1,597 
Appalachian No. 1......................... 8 52 20. ees 25 109 
Appalachian INOS EE 8 eiuf lcs 8 
ana, Illinois, Kentucky, etc. ............ 5 16 174 661 571 1,427 
Minnesota, Ch hu. deeds. Gebr. --.-.-..-- 122 ....... 122 
Oklahoma, Kansas, ete 81 463 565 45 164 1,808 
Texas Inland... 2 c e Lee de 219 duos 226 884 30 1,359 
exas e ec ce acer See 65 501 619 8,848 311 5,944 
Louisiana Gulf f 2,807 78 891 148 8,924 
Arkansas, Louisiana Inland................- All soosse ewouess GË 218 
Rocky Mountain, New Mexico FFF 17 36 60 
West Coat 24 25 1, 560 553 1,458 3,620 
Total: 
19088 EE 3,422 1,125 14,248 7,311 2,995 19 ,096 
1907-2222 es 1,611 1,111 4,893 6,999 2,971 16,485 


1 Specialty oils include: Insulating, 118; medicinal, 236; rust preventatives, 2; sand-frac, 2; spray oils, 221; 
and other, 3,669. 
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Table 60.—World production of crude petroleum by countries 


(Thousand barrels) 
Country 1964 1965 1966 1967 1968 » 
North America: 
e 274, 626 296,419 320,548 351,292 377, 695 
/ ³o¹wi˙²˙ꝛmä d dE EE 248 382 460 756 800 
Mies 8 | 115,576 117,959 121,149 133,042 142,257 
Trinidad and Tobago 49,731 48,859 55,608 64,995 66,904 
United States 2, 786, 822 2,848,514 3, 027, 763 3, 215, 742 3,329, 042 
South America: 
e ee ce r 100,276 r 98,276 r 104,760 114,678 125,488 
el EES 8,290 3,35 6,085 14,527 14,991 
BFI!!! 0mEeLeic2s 38 ,310 84,342 42,446 53,515 59,816 
Fl ³ Ä oue eA 18 , 687 12,704 12,428 12,369 18,695 
Golem. . . .. nn 62,596 72, 670 71,480 68 ,877 63,435 
VAN 35e r 2,887 r 2,921 2,660 2,272 1,815 
a BEE 23,119 23, 068 23,027 25,857 27,18 
"T" Venezuela....................... 1, 241, 782 1, 267, 602 1, 230, 464 1, 292, 876 1,319, 340 
rope 
Albania 3222 ͤ ⁰⁰ aah es ete 5,096 r 5,506 r 5,941 6,593 e 7,000 
Ulli 8 18,571 19,908 19,228 18,725 * 18,000 
Bulgaria... 2 o . U. oo ue 1,168 1,672 2,920 3,642 4,015 
Czechoslovakia blocco rl 1,322 1,301 1,288 1,424 * 1,500 
FAROS... L L ĩð 8 r 20,491 r 21,772 21,365 20,640 19,585 
Germany, West 55,419 56,945 56,832 57,257 67,655 
mi. ĩͤ L SOL SO r 13,742 r 13,749 13,009 12,864 14,398 
Italy - ¿22 ee eeh 18,184 15,055 11,974 11,010 10,262 
Netherlands 15, 758 16, 630 16,488 15,438 14,620 
n ß 2,092 2,514 2, 971 KE ; 
G AVA 8 r 92, 880 r 93,692 r 95,585 98,424 99,013 
SERA o 8 197 e 1,050 
S S. Et EM os ets 1,648,500 1,786,000 1,948,000 2,100,000 2,252,000 
United Kingdom. ...............- 939 606 568 641 597 
NS Yugoslavia. ...................-- 13,322 15,281 16,460 17,655 18,473 
rica: 
AIF ur AE cac ade 204,711 201,754 257, 122 282, 200 325, 064 
RT TEE 6,585 4,784 4,560 8,880 5,401 
Congo (Brazzaville)... ------- 627 535 467 376 341 
21 Republic of............... 7,668 9,161 10,484 25,203 33,680 
dr c S ͤ ep 815,660 445,374 552,712 636, 504 948,519 
Mo PFC 7 7 
Nie 43,997 99,854 152,428 116,519 52,854 
e nnn EN 4,741 17,068 23,508 
eo Arab Republic 48 ,915 45, 556 r 44,070 2 39,547 2 52,338 
a: 
Bahrain u z: oi ee eee 18,000 20,788 22,521 26,970 27,598 
Neu ENEE 25,918 28,991 r 94,626 87,961 ,9 
Burmü. le o uallo use ur. r 4,164 4,065 4,255 4,392 5, 761 
China, mainland *................ 62,050 13,000 95,000 80,300 110,000 
vlt Ee 16,965 22, 494 r 35, 624 42, 190 
Indonesia. 171,492 178,991 168,429 186,281 219,912 
CUBO 8 618,731 688,218 771, 234 947,678 1,039,366 
Irad- 4. ³ ͤ ¶;³ M eet ee 461,961 482,461 505, 428 445, 821 , 
/ ege 1,440 1,469 1,359 $ 8,687 $ 14,831 
Japan S ul e er a rt 4,597 * 4,698 r 5,443 5,520 5,476 
e ... . . . ele salt 774,815 791, 903 830, 537 836,719 886, 125 
Kuwait-Saudi Arabia Neutral Zone. 131,415 132, 285 r 163,432 151,461 * 167,000 
Malaysia (Sarawak) 852 851 346 828 1,521 
Mongolia er 125 116 89 e 90 e 90 
Muscat and Oman. _......... 2222222222 222222002 28 , 080 87,854 
äkistañ e oe E r 8,751 r 3,992 r 3,721 3, 636 3, 832 
BUÜBT.- o cs . eae 77, 885 84, 215 105, 945 118, 083 124, 220 
Saudi Arabia 628, 095 739,078 873,349 948,110 1,085,773 
SEN WT Ee 61 131 22 246 
Thailande... er ec eee r 18 r 14 r 14 14 26 
Trucial States 67,465 102,804 181,531 139,467 181,756 
Turkey... c.c veaccicad acm r 6,887 r 10,828 r 14,500 19,516 22,285 
Oceania: 
r v 1,491 2, 622 8,390 7,594 15,228 
New Zealand.._...........-...--.- 4 4 4 8 2 
TOU. eo . tees E SS r 10,311,134 r 11,058,462 r 12,019,964 12,878,486 14,083,717 | 


e Estimate. p Preliminary. Revised. 

1 U.S.S.R. in Asia (including Sakhalir). included with U. S. S. R. in Europe. 
2 Excludes Israeli production of Egyptian oilfields. 
š Includes estimates of Israeli production of Egyptian oilfields. 
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Phosphate Rock 


By Donald E. Eilertsen ! 


World production and U.S. production, 
exports and producers’ yearend stocks of 
marketable phosphate rock shattered all 
previous records, but the usual record- 


breaking apparent consumption faltered for 
the first time in more than 25 years to 
become the third largest amount. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient phosphate rock statistics 
(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 

Mine production. n 74,478 84, 305 112, 960 128, 978 148,836 
Marketable production 26,715 r 29,482 89,044 89,770 41,251 
/// ²˙ AAA $161,067 23193, 823 $261,092 $265,947 3250, 692 

Average per ton 36. $6.5 $6.69 $6 $6.0 
Sold or used by producers 24, 781 29,039 36, 448 37 37,319 
!!; h m e exi iE $156 , 738 $188,590 $245,182 $251,163 $228,347 
Average per ton $6.34 $6 6.73 $6. $6.12 
Imports for consumption 175 14 178 139 116 
Value c cece 8 $8 ,829 $2,980 $4,256 $3,261 $2,679 
Average per ton $19.02 $20.14 $23.91 $23 .46 8.09 
d e lll.ceencseuues dies 6,874 7,923 9,248 10,072 12,099 
P. O: content................. 2, 055 2,818 2,808 8,29 8,671 
UD m ———PRÓ $39,717 $51,109 $65.952 $69,479 $15,653 
Average per ton $6. $6. $7.1 $6. $6.25 
Consumption, apparent 2. 18,532 21,864 21,978 21,902 25,886 
World: Production 62,719 70,298 88,194 86,138 92,888 

* Revised 


1 From table 6. 


2 Measured by sold or used plus imports minus exports. 
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Figure 1.— Phosphate rock (sold or used), apparent consumption, and exports. 


DOMESTIC PRODUCTION 


Marketable phosphate rock production 
increased for the 11th consecutive year, 
and the 1968 output broke all records. 

Phosphate rock was produced in eight 
States in 1968, with Florida the leading 
producer. Land-pebble phosphate rock was 
produced in Florida by Agrico Chemical 
Co., American Cyanamid Co., U.S. Agri- 
Chemicals Inc., Borden Chemical Co., 
W. R. Grace & Co., International Minerals 
& Chemical Corp., Minerals Recovery 
Corp., Mobil Chemical Co., Occidental 
Chemical Co., Swift & Co., and USS. 
Phosphoric Products Co. Soft phosphate 
rock was produced in Florida by Howard 
Phosphate Co., M. W. Kellogg Co., Lon- 


cola Phosphate Co., Soil Builders, Inc., 
and Sun Phosphate Co. Some phosphate 
rock was produced in California for the 
first time, by Cuyama Phosphate Corp. 
Phosphate rock was also produced in Idaho 
by Stauffer Chemical Co., Monsanto Chem- 
ical Co., Mountain Fuel Supply Co., and 
J. R. Simplot Co.; in Montana by Stauffer 
Chemical Co., Cominco American, Inc., 
Eich, A. G. Jackson, and Relyea Mines; 
in Tennessee by Hooker Chemical Co., 
Monsanto Co., Presnell Phosphate Co., 
Inc., Stauffer Chemical Co., Tennessee 
Valley Authority, and M. C. West, Inc.; 
in North Carolina by Texas Gulf Sulphur 
Co.; and in Utah and Wyoming by San 
Francisco Chemical Co. 


PHOSPHATE ROCK 


Freeport Chemical Co., a new division 
of Freeport Sulphur Co., began production 
of phosphoric acid at its complex at Uncle 
Sam, La., in August. The complex, located 
on the Mississippi River between New 
Orleans and Baton Rouge, was designed to 
produce 1.1 million tons of commercial 
54-percent phosphoric acid annually con- 
taining 600,000 tons of phosphate plant 
nutrient, commonly known as phosphorus 
pentoxide (P205). The complex also has 
a sulfuric acid plant, the sulfur for which 
is barged from Freeport’s nearby Port 
Sulfur shipping point. Phosphate rock is 
obtained mostly from mine and beneficia- 
tion facilities near Fort Meade, Fla., 
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which are jointly owned by Freeport 
and U.S. Agri-Chemicals, Inc., a subsidiary 
of United States Steel Corp. 

Occidental Chemical Co. reported that 
it shipped 2.35 million tons of all grades 
of phosphate rock from its Suwanee River 
mine in 1968, compared with 1.5 million 
tons in 1967. A $4.35 million capital 
appropriation was approved for the con- 
struction of a new 100,000-ton-per-year 
defluorinated phosphate plant at the 
Suwanee River complex to keep pace with 
the animal-feed supplements industry. This 
new plant will replace the obsolete 50,000- 
ton-per-year Houston plant. 

Texas Gulf Sulphur Co. reported that it 


Table 2.—Production of phosphate rock in the United States, by States 


(Thousand short tons and thousand dollars) 


Mine production Mine production Washer Marketable production 
used directly production 
State — 
Rock P20; Rock P20; Rock P+O; Rock P20; Value 
content content content content 
Florida ). 117,641 16,731 35 8 31,875 10,284 31,910 10,291 $207,788 
Tennesse 5,332 1,264 574 142 2,418 658 2,992 795 ; 
Western States:: 6,000 1,509 2,941 772 1,927 606 4,868 1,878 85,588 
Total .. 128,973 19,508 8,551 922 36,220 11,542 39,770 12,464 265,947 
CC. eg ee a ee ee C CMM 
Florida )). 135,891 26, 126 29 6 33,004 10,628 33,032 10,634 193,319 
Tennesse 6,777 1,456 685 169 2,464 657 3,149 826 28,628 
Western States: 5,668 1,448 3,879 1,002 1,191 881 5,070 1,383 38,746 
Iota! 148,336 29,024 4,592 1,177 36,658 11,667 41,251 12,848 250, 692 
1 Includes North Carolina. 
2 Includes California (1968), Idaho, Montana, Utah, and Vom: 
Data may not add to totals shown because of independent rounding. 
Table 3.—Florida phosphate rock sold or used by producers, by kinds 
(Thousand short tons and thousand dollars) 
Value Value 
Year Rock P20; Rock Pes —————— — 
content Total Average content Total Average 
per ton per ton 
Hard rock Soft rock 
1964........ ries 86 80 $747 $8.69 81 6 $225 $7.26 
1965..........- 77 27 684 8.88 31 6 221 7.13 
1966__...-....- 49 17 437 8.92 45 9 293 6.51 
LEE 36 7 266 1.42 
TEE 30 6 224 7.47 
Land pebble Total ! 
1964. 18,203 5,971 $115,513 $6.35 18,820 6,007 $116 , 485 $6.36 
1965..........- 21,388 6,949 138,744 6.49 21,496 6,98 139, 649 6.50 
1966 222 28,048 9,077 184,075 6.56 28,187 9,103 184,805 6.57 
1967 22. 29,796 9,646 193,283 6.49 29,832 9,654 193 , 548 6.49 
1968 22 29,571 9,504 173, 190 5. 86 29,601 9,610 173,418 5.86 


! Data may not add to totals shown because of independent rounding. 


? Includes North Carolina. 
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produced 443,550 tons of 54-percent phos- 
phoric acid, 62,800 tons of 70-percent 
phorphoric acid, and 183,350 tons of 
diammonium phosphate in 1968 at Lee 
Creek, N.C. 

FMC Corp. reportedly obtained options 
to acquire 3,000 acres of phosphate-bearing 
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lands in Beaufort County, N.C. The phos- 
phate ore is deeper than that mined by 
open-pit methods in North Carolina by 
Texas Gulf Sulphur Co. FMC will mine 
the ore by underground hydraulic methods 
which the firm developed while studying 
the deposits.? 


CONSUMPTION AND USES 


Apparent consumption was 9 percent less 
than that of 1967, and this was the first 
time in more than 25 years that it broke no 
records. Producers of phosphate rock like- 
wise sold or used 9 percent less rock for 
domestic use in 1968 than they did in 
1967 (table 7), and of the four major uses, 
only that for electric furnace phosphorus 
increased. 

According to a U.S. Department of 
Agriculture preliminary report, fertilizers 


(mixtures and direct-application materials) 
consumed during the fiscal year ending 
June 30, 1968, contained 4,354,891 tons of 
available P2O5 compared with 4,304,688 
tons for the preceding 12-month period.? 


2 Industrial Minerals (London). FMC Buys 
Carolina Rock Phosphate Reserves. No. 165, 
December 1968, p. 32. 

3U.S. Department of Agriculture. Consump- 
tion of Commercial Fertilizers in the United 
States. Preliminary Rept. SpCr 7, Oct. 23, 1968, 
11 pp. 


Table 4.—Tennessee phosphate rock sold or used by producers 


(Thousand short tons and thousand dollars) 


Year 


Value 
Rock Path 
content Total Average 
per ton 
2,758 722 $19,074 $6.93 
2,969 772 22, 885 7. 54 
3,076 799 23,497 7.64 
8,032 808 22,494 7.42 
8,065 807 28, 646 7.71 


Table 5.— Phosphate rock sold or used by producers in the United States, 
by grades and States 


(Thousand short tons) 


| Florida ! Tennessee Western States Total ? 
| United States 
Year and grade 
B. P. L. content? Rock P30; Rock P:0; Rock P:Os Rock P20; 
(percent) content content content content 
1967 
Below 60. 3 7 2,171 561 2,305 559 4,512 1,128 
60-66. .......... 1,375 408 792 224 883 112 2,550 744 
66-70. .......... 18,07 4,091 iot bees 693 214 13,771 4,305 
S doe 1,736 558 43 13 1,455 462 ,28 1,034 
72274. 6,257 2,071 27 9 128 48 6,412 2,128 
Plus 74.......... 7,851 S 518: een eer 7 2 7,358 2,520 
Total?.... 29,832 9,654 8,082 808 4,971 1,893 87,885 11,855 
1968 
Below 60........ 44 10 2,214 568 2,884 720 5,142 1,293 
60-66..........- 1,519 485 758 212 19 6 2,291 653 
66 1009. 11.949 3,098 EE 951 292 12,900 8,990 
70-72..........- ,612 836 98 82 559 177 8,269 1,045 
7274. 7,005 rf / abecosse 95 31 7,099 2, 345 
Plus 74. 6,471 r uu usss 146 50 6,616 2,267 
Total ?.... 29,601 9,510 8,065 807 4,653 1,276 87,319 11, 594 


1 Includes North Carolina. 


* Data may not add to totals shown because of independent rounding. 


3 Bone phosphate of lime, Cas (PO °. 
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Table 6.—Phosphate rock sold or used by producers, by uses and States 


(Thousand short tons) 


Florida ! Tennessee Western States Total 2 
United States 
Use — m. .'.AU — — — —T-T 
Rock P+O; Rock P.O; Rock P+O; Rock P20; 
content content content content 
1967 
Domestic: 
Agricultural.. 20,461 6,582 W W 1,280 407 W W 
Industrial 357 107 W W 2,683 660 w W 
Total 20,817 6,689 8,032 808 8,914 1,068 27,763 8,565 
Exports 9,015 / 1,057 325 10, 072 3,290 
Total 29, 832 9,654 8,032 808 4,971 1,393 87,835 11,855 
1968 i 
Domestic: 
Agricultural.. 18,054 6 0 // zZu2222c 1,080 328 19,084 6,343 
Industrial.... 365 109 8,065 807 2,706 663 6,136 1,580 
Total 18,419 6,124 3, 065 807 3, 736 991 25,220 71,923 
Exports 11, 182 2.888. unl ` Ze 917 285 12 ,099 8,671 
Total 29, 601 9, 510 3,065 807 4,653 1,276 87,319 11,594 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes North Carolina. 
2 Data may not add to totals shown because of independent rounding. 


Table 7.—Phosphate rock sold or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1967 1968 
Use Rock Path Value Rock P20; Value 
content content 
Domestic: 
Phosphoric acid (wet process). 11,870 3,594 $70,970 9,532 2,979 $52,685 
Electric furnace phosphorus... 65,987 1,563 40,863 6,117 1,574 42,032 
a le superphosphate - ...... 4,433 1,460 29,652 8,858 1,271 23,166 
inary superphosphate. - - -. 5,082 1,661 83,417 8,708 1,452 21,118 
Ñ itraphosphate. ............ | 
Direct application n the soil 
Stock and poultry feed 883 283 6,718 2, 006 646 13,693 
Fertilizer filler... ..........- 
Other fertilizers 
Other uses 8 8 63 
Total eege 21,763 8,565 181,683 25,221 7,922 152,694 
Exports 10, 072 3,290 69,479 12, 099 3,671 75, 658 
Grand total jj 37,885 11, 855 251,163 37,319 11,594 228,347 


1 Data may not add to totals shown because of independent rounding. 


STOCKS 


Producers’ yearend stocks of marketable those of yearend 1967 and were the largest 
phosphate rock increased 41.6 percent over on record. 
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Table 8.—Producer stocks of marketable phosphate rock, December 31 


(Thousand short tons) 


Source 


Kleer, ccm a es ie ee eee eee el 
Tennesse 
Western States 3 


J ³»ð³ö ͤ˙ ͤͤ ] “—0m G“. Tu u suway aku oe 


r Revised. 
1 Includes North Carolina. 


1967 1968 
Rock P+O; Rock P20; 
content content 
r 7,857 r 2,503 11,578 3,673 
85 23 78 22 
r 2,000 r 511 2,424 621 
r 9,942 r 3,037 14,080 4,316 


2 Data may not add to totals shown because of independent rounding. 


PRICES 


Prices quoted by Oil, Paint and Drug 
Reporter for various grades of Florida land- 
pebble phosphate rock are shown in table 
9. Prices of some other phosphoric mate- 
rials were as follows: Superphosphate, run- 
of-pile, under 22 percent available phos- 
phoric acid (a.p.a.), pulverized, bulk, car- 
lots, at works was quoted at $0.92 to $1.10 
per unit (20 pounds) of P205; triple super- 
phosphate, 46 percent or more a.p.a., run- 
of-pile, bulk, carlots, Florida, was quoted 
at $1.22 to $1.28 per unit until early 
February at which time the price was $1.28 
per unit; agricultural-grade phosphoric 
acid, 52 to 54 percent a.p.a., tanks, de- 
livered, began at $1.72 to $1.83 per unit 
and changed early in February to $1.83 
per unit. Prices of phosphorus were as 
follows: Amorphous, red, drums, ton lots, 
works—$0.55 per pound; white (yellow), 
solid, drums, carlots, works, freight equal- 


FOREIGN 


According to the Bureau of Census, U.S. 
Department of Commerce, exports of 
Florida phosphate rock increased 25.5 per- 
cent over those of 1967, while exports of 
other phosphate rock decreased by 30.2 
percent. All together there was an unusually 
large increase of 17.5 percent over 1967 
total exports. Exports of non-Florida phos- 
phate rock to Canada were 492,000 tons 
less in 1968 than those in 1967. The aver- 


ized—$0.225 per pound; and white (yel- 
low), tanks, works, freight equalized—$0. 19 
per pound. 


Table 9.—Prices of Florida land-pebble, 
unground, washed and dried phosphate 
rock, in bulk, carlots, at mine, in 1968 


(Per short ton) 


Grade, percent B. P. L.! Price 
66 10 hh ³o ot ada manat E $6.50 
Sh eos CET EE 7.50 
ULB d ien 8.15 
T4 10 (0 EEN .20 
46 tO TT; ice eee EE 10.20 


1 1.0 percent B.P.L. (bone phosphate of lime also 
own as tricalcium phosphate) = 0.458 percent 
2 5. 


Source: Oil, Paint and Drug Reporter. 


TRADE 


age value of Florida phosphate rock at ports 
of exportation in 1968 was $8.03 per ton, 
compared to $15.33 per ton for non- 
Florida phosphate rock. 

Of the 116,000 tons of phosphate rock 
imported, chiefly for use as low-fiuorine- 
content animal-feed supplement, 78 percent 
came from the Netherlands Antilles and 
21 percent from Mexico. 
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Table 10.—U.S. exports of phosphate rock, by grades and countries 


(Thousand short tons and thousand dollars) 


1967 1968 


Grade and destination kasna RIPE PN et 
Quantity Value Quantity Value 


Florida phosphate rock: 


Af US noel ⁰·¹¹¹A e Zr R 603 $5,631 628 $6,281 
zie ß , ß us P 46 378 180 : 
Belgium- Luxembourg 139 1,000 335 2,147 
Bereet ee 201 1,837 296 2,725 
CET TEE 1,218 12 ,784 1,382 11,606 
Chile kou DL eee EE 64 581 
ohh; ee ⁰ as 85 268 24 160 
Sh eer cc u 8 0 14 90 
õͤõ]³˙¹EàniAi.. ⁰ ie a3 135 1,174 223 1,598 
Germany, Wes e 1,321 9,262 1,424 9,741 
Mõĩõĩͤꝗ ⁰ ²⁰ m .:: uL ELA een Oe 87 698 299 2,093 
Ill! LL t c EE 1,118 8,248 1,368 9,711 
DADO eho EEN 2,132 18,410 2,759 23,742 
Korea, South ` 156 1,577 495 3,405 
Mala Vsi8 se oe oe oc eee e du iE E 11 169 12 217 
In is occu . i AE Dea E 361 2,506 368 2,745 
Nethernss ee. Xe l... .... M 147 1,311 224 2,104 
New Zeglang ³˙..ͥ ͥͥꝛ5·o¹ſͥ ⁰ h ³ ͤ ) aŠoe6s sees 140 1,415 115 1,156 
JJ4%%G dd . No SS E 2 1 23 184 
oh iL Ade A ner ERE cee ae 10 85 10 77 
Philippines____ Senses ee de 147 1,317 150 1,210 
II ³˙·wWA AAA usu e 39 402. chen 8 
/Cöô%§; 6⁵ e ẽ Md EE REN In Ot NE 263 2,250 270 1,919 
EE ³ðÄ ³ y k m 8 82 591 11 
United Kingdom 343 2,984 292 2,535 
PUY ee ⁰Ü⁰¹A 88 18 128 23 240 
LI dr EE EE 47 378 63 1,029 
Kei BEEN 8,804 74,738 11,052 88,753 
Other phosphate rock:! 
Belgium- Luxembourg (2) 12 1 46 
Braise ae eh mm ee ee ee E 3 95 8 170 
Canada - oo k ee es 8 1,416 18,942 924 18,635 
77777·ö;5Üvm %⅛˙ - -;o; a aa a E (2 
Germany, Wee 34 207 (2) 18 
J l aes h e epa EE 15 1,180 
SU Ya ah ss s o ⁰⁰yʒ a a na 3 18 14 201 
h ⁰ ase y EEN 2 60 1 21 
Netherlands ett” mamme exer 1 121 35 208 
777). ³ ¹.¹AA ³ mm yd 8 2 15 20 138 
AH oy A ³ A 8 9 147 13 248 
TO icol eie lr 8 1,478 19,680 1,031 15,806 
Sande ð SAE 10, 282 94,418 12,083 104,559 


1 Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana rock 
2 Less than unit. 
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Table 11.—U.S. exports of superphosphates (acid phosphates), by countries 


(Thousand short tons and thousand dollars) 


Destination 


I/ ee eee Eae Bee 
I ³Üwm i 
firj MEME" aes 


Hragib. ol. te T ⁰˙¹mꝛꝛ m E E ee 


Germany, Nee 
Indonesia... teuer EE eect nls aw qued 


Netherlands 
Pakistan 


d Kid AEN 


Uni 


Lët EE 8 
Ve TEE EE 


1 Less than 14 unit. 


Nansei and Nanpo Islands.......................-- 


1967 1968 

Quantity Value Quantity Value 
eel. usce “bl ata 14 $478 
DEREN 5 $206 7 814 
ER 2 189 9 385 
%öͥͤĩ V ⁵ĩͤ hue a sau. 58 1,660 
MODE 80 3,521 136 5,643 
) eE a E 64 4,599 
SRM 123 5,925 110 5,139 
EM 85 8,963 165 5, 567 
TIPS NT 12 708 44 1,942 
acce 6 259 9 388 
NES 7 321 7 258 
8 3 147 5 301 
3 2 98 32 1,118 
NE (1) 8 18 589 
ͤ cut Ene 119 7,871 
MEAT 8 128 21 859 
3 6 185 2 92 
8 16 787 37 1.479 
5 75 3, 664 144 5, 488 
JJ uade rd iE LE 478 
3 15 791 25 1,054 
epe 4 164 8 100 
TEUER 118 4,971 87 8,325 
5 151 7,681 84 8,784 
373 ͤ ͤ V 8 888 
Sasha "Lecce Ju OU E 11 427 
— 4 164 (4) 18 
EE 8 186 9 480 
HORAE MOS 12 472 (1) 2 
5 10 407 45 1,400 
9 6 294 12 792 
RR 748 85,189 1,289 56,359 


Table 12.—U.S. imports for consumption of phosphate rock and phosphatic fertilizers 


(Thousand short tons and thousand dollars) 


1967 1968 
Fertilizer 

Quantity Value Quantity Value 
Phosphates, crude and apatite... e 139 33,261 116 32, 679 
Phosphatic fertilizers and fertilizer materials 105 6,167 44 2,222 
Ammonium phosphates, used as fertilizer ss 212 17,720 247 17,264 

Bone ash, bone dust, bone meal and bones, crude, steamed, or 
den EE 7 895 5 857 
Manures, including guano. ooo (1) 7 (1) 16 
tree lee IU. Eeler, eege 
Dicalcium phosphate 6 822 21 1,176 


1 Less than Le unit. 


WORLD 


Angola.—Phosphate rock deposits in the 
Cabinda district were recently estimated 
at 15 million tons and those in the Zaire 
district in northwestern Angola at 12 mil- 
lion tons.“ 


Australia. Australia depends entirely 
upon imports for phosphate rock (3.26 
million tons in 1967), but recent dis- 


REVIEW 


coveries of this material in northwestern 
Queensland may soon change this situa- 
tion. After the discovery of the Duchess 
deposits, near Duchess, by Broken Hill 
South, Ltd., in 1966, the search for phos- 
phate was greatly increased, especially by 
this firm and International Minerals and 


Bureau of Mines. Mineral Trade Notes. V. 65. 
No. 4, April 1968, pp. 30-31. 
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Table 13.—World production of phosphate rock by countries 


(Thousand short tons) 


Country ! 1964 1965 1966 1967 1968 » 
North America: 
United States 25,715 r 29,482 39,044 89,770 41,251 
Mexico--.. bh 2 i es Bch eee 37 44 61 60 2 
Netherlands Antilles ?................ r 122 r 130 r 162 128 108 
South America: 
Brazil: 
D atite (ores n concentrates)... 215 211 325 e 881 e 331 
Phosphate rock. ................ 56 96 92 e 88 * 94 
SE EE 14 //;ͤ·; ĩ⅛²ꝰ²¹1V ees, sk ets 
Guano. EECH 17 24 17 18 24 
Peru (guano).....................-- 226 187 61 72 ° 88 
Venezuela — ncc ee EL, set Sods e 7 r e 7 83 66 
Europe 
Te EE 24 e24 e24 ° 24 22 
France (phosphatic chalk) ) 48 38 r 40 27 e 33 
OLRM WEE 98 103 e 103 e 105 e 105 
U.S.S.R.: 
Apatite (marketable concentrate 
39 percent P: Os) r 37,033 r38,322 r e 8,818 ° 9,700 310,692 
imentary rock (marketable con- 
Geng centrate 25 percent Pꝛ2O;) e 4,800 6,670 7,440 8,270 8,820 
rica: 
Ae ow ee 88 80 95 r 131 218 e° 220 
/ She ͤ rcu ee 11,131 10,830 10,405 10,962 11,857 
Senegal: 
Aluminum phosphate 133 149 160 167 ° 160 
Calcium phosphate 746 956 1,091 1,229 ° 1,102 
Seychelles Islands (guano)?. .. ........ 4 7 4 4 ° A 
South Africa, Republic o .. 638 672 1,172 1,490 1,726 
J)) ˙ S umn u Sua d 829 1,065 1,228 1,238 1,515 
TUNIS. uu Suyos ate es 8,032 3,351 r 3, 545 3,097 3, 796 
Uganda (apatite )) r 192 r 216 r 188 162 e 157 
N United Arab Republie -.--------- 676 654 728 758 ° 1,588 
sia: 
China, mainland *................... r 880 r 990 1,100 1,100 1,100 
Christmas Island (Indian Ocean): 868 828 1,065 1,113 1,247 
India (apatite )) 4 8 18 13 
Inden??? 8 4 ° 4 e 11 e 11 ell 
Iarael-.- ll c n cn e Sree S Sa, 265 428 r e 717 e 661 856 
rds 8 r 623 913 r 1,141 1,864 1,280 
Korea, North (apatite)*. ............- 220 220 276 276 831 
Vietnam, North: 
Apatite ; 1,100 1,100 1,100 1,100 1,100 
Phosphate rock e 2------- 55 55 55 55 55 
Oceania: 
Australia 6 5 6 13 6 
Makatea Island (French Oceania) _ - ` 428 340 195- e, Ee x 
Nauru Island ꝰ i 2,038 1,649 2,245 1,981 2,485 
Ocean Island -22a ------------ 362 414 419 500 582 
Total EE r 62,719 r 70,298 r 83,194 86,133 92,838 
* Estimate. p Preliminary. r Revised. 


! Small quantities of phosphate rock also produced in Cambodia, Colombia, Jamaica, Philippines, Southern 
Rhodesia, and Tanzania; guano in territory of South-West Africa, Argentina and the Philippines. 


2 Exports 
3 Reported in Soviet sources. 
* Total is of listed figures only. 


Chemical Corp. (IMC) and Continental 
Oil Co., which have permits to prospect 
large areas of land in northwestern Queens- 
land and the adjoining area in Northern 
Territory. Broken Hill South, Ltd., re- 
cently reported reserves of 1.1 billion tons 
of phosphate rock at Duchess and 250 
million tons at Lady Annie, east of 
Camooweal, having a cutoff grade of 18 
percent P205. Some of the rock is higher 


grade. IMC and Continental Oil have both 
reported phosphate rock deposits in the 
Yelvertoft area, between Mount Isa and 
Camooweal, but complete information was 
not available. IMC revealed in 1967 that 
deposits in the Yelvertoft area may contain 
500 million tons of rock containing 16 per- 
cent P205. Continued investigations by the 
firms are likely to show billions of tons of 
phosphate reserves in Australia. Their com- 
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mercial attractiveness will depend on grade, 
tonnage, overburden, locality, and ease of 
beneficiation." 


Belgium.—Occidental Petroleum Corp. 
contracted to build a new superphosphoric 
acid plant for Societa de Prayon S.A. at its 
plant in Engis, Belgium. The Occidental- 
Nordac process will be used. 


Morocco.—Phosphate rock reserves in 
Morocco were estimated at 44 billion tons. 
The phosphate rock industry is national- 
ized under the control of Maroc-Chemie 
which is controlled by the Office Cherifien 
des Phosphates. By 1972, the output is 
expected to reach 19.29 million tons—13.56 
million tons from Khouribga, 3.75 million 
tons from Youssoufia, and 1.98 million 
tons from Ben Guerir. Morocco's phosphate 
industry is concentrated around the port of 
Safi, where 386,000 tons of phosphate is 
converted annually to triple superphosphate 
containing 45 to 48 percent P205. A recent 
plan to erect a plant to produce 386,000 
tons of superphosphoric acid annually at 
Casablanca in participation with Occidental 


Petroleum Corp. of Los Angeles was 
abandoned." 
Nauru.—Nauru, Ocean Island, and 


Christmas Island reportedly still have sig- 
nificant reserves of phosphate ore despite 
having been worked for phosphate for 
more than 60 years. The British Phosphate 
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Commission (BPC), consisting of commis- 
sioners from the United Kingdom, Aus- 
tralia, and New Zealand, have operated 
the Nauru and Ocean Island deposits since 
1920 and managed the Christmas Island 
deposits since 1948. BPC has supplied the 
total phosphate requirements of Australia 
and New Zealand since 1920. The strong 
possibility that Australia may soon obtain 
domestic phosphate from discoveries in 
Queensland presents new problems of 
marketing phosphate rock from the islands, 
but the nutlook is optimistic." 


U.S.S.R. 
found in the Khibiny area in the Kola 
Peninsula about 75 miles from the ice-free 
port of Murmansk. The deposit was re- 
portedly shallow and about 2 miles long. 
Mines in the Kola Peninsula currently 
produce 10 million tons of apatite concen- 


trate annually, containing 38 to 39 percent 
Baies 


United Arab Republic.—Government au- 
thorities set aside considerable funds for 
developing Egypt's phosphate reserves. 
During 1968/1969, more than $6.75 million 
was spent in developing deposits on the 
eastern coast, which contain 500 million 
tons of phosphate rock. Work also was to 
start on deposits between the Nile Valley 
and New Green Valley and in the Kharga 
and Dakhla Oases.? 


TECHNOLOGY 


The use of draglines in open-pit phos- 
phate rock mining operations in the United 
States, Morocco, and Senegal was de- 
scribed.” The report also listed numerous 
available draglines by manufacturer and 
specifications, such as bucket capacity, 
boom length, tub diameter, and working 
weight. The world’s largest phosphate min- 
ing dragline is in use in North Carolina. 
This machine, costing about $6 million, 
weighs 4,440 tons and has a 300-foot boom 
and a 72-cubic-yard bucket. 

The new Kellogg-Lopker process for 
producing phosphoric acid reportedly could 
cut costs by as much as 15 percent." The 
process, invented by Edwin B. Lopker and 
acquired by The M. W. Kellogg Co., a 
division of Pullman, Inc., was tested for 
more than a year in a 60-ton-per-day pilot 
plant. As a result of successful tests, a new 


plant having a capacity of 240 tons per 
day was to be constructed. 

A wet process jointly developed by 
Lummus Co. and Japan's Nippon Kokan 
(NKK) was reported to yield 40 to 42 
percent P205 phosphoric acid directly and 


5 Noakes, L. C., and Z. Kalix. Phosphate Rock 
in Australia. Australian Miner. Ind., Part 1, 
Ge Rev., v. 21, No. 2, December "1968, pp. 

6 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 6, June 1968, pp. 17-19. 

7 Industrial Minerals (London). 
aoe Islands. 

—33. 


Future of the 
No. 13, October 1968, pp. 


5 Industrial Minerals (London). 
Found in Kola Area. No. 5, 
p. 30. 

? European Chemical News (London). 
Develops Phosphate Finds. V. 
18, 1968, p. 12. 

19 Phosphorus and Potassium. Mining Phos- 
phate Rock With Dragline Excavators. No. 365, 
May-June 1968, pp. 22-29. 

11 Farm Chemicals. What's Doing in Industry: 
A New Process. V. 131, No. 6, June 1968, p. 136. 


More Apatite 
February 1968, 


Egypt 
14, No. 350, Oct. 
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calcium sulfate hemihydrate.” The latter, 
when further hydrated, forms high-quality 
gypsum usable for wall board or cement 
clinker. Conventional processes yield 28 
to 32 percent acid and dihydrate gypsum 
crystals. Some of the features of the new 
hemihydrate method promise astonishing 
savings in capital investment, power con- 
sumption, and reaction time. The efficiency 
of the process was reported at 98 percent. 
The two firms experimented with the 
process on a near-commercial scale at 
Koyazu, Japan, and the output reached a 
rate of 35 metric tons per day for brief 
periods of time. The new process was re- 
ported to be quite similar to a Dorr-Oliver 
process developed for a plant under con- 
struction in Finland, which will produce 
42 to 45 percent P2O5 acid and hemi- 
hydrate calcium sulfate crystals. 

The world's first of two planned ships 
for transporting liquid phosphorus was 
launched in April.? The Albright Pioneer 
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was built in England to transport 5,000-ton 
cargoes of liquid phosphorus from Albright 
& Wilson, Ltd.’s, new $44 million phos- 
phorus plant under construction at Long 
Harbour, Newfoundland, to various parts of 
the world. The hazards of phosphorus 
solidification at normal temperatures and 
upon exposure to air were overcome by 
special equipment designed to keep the 
element at 60° C during shipping and 
pumping operations. 

A chemical method for removing phos- 
phates from municipal and industrial waste 
water was developed. The addition of metal 
ions to the waste water converts soluble 
phosphates to an insoluble form.“ 


12 Chemical Engineering.  Chementator—Yet 
Another Wet Process for High-Strength Phos- 
phoric Acid Is Ready for Licensing. V. 75, No. 
19, Sept. 9, 1968, p. 42. 

18 European Chemical News. World's First 
Phosphorus Ship Is Launched. V. 18, No. 325, 
Apr. 26, 1968, p. 42. 

1 Minerals Processing. Dow Chemical Process 
8 Phosphates. V. 9, No. 3, March 1968, 
p. 5. 


NU. S. GOVERNMENT PRINTING OFFICE: 1969 C—392-738/10 


Digitized by Google 


Platinum-Group Metals 


By J. Patrick Ryan ! 


The platinum-group metals industry in 
1968 was marked by a continued short 
supply of platinum and a high degree of 
speculative activity resulting in a wide gap 
between producers’ and dealers’ prices. 
Prices trended upward for platinum, but 
dealer’s palladium prices generally moved 
down, reflecting an ample supply situation 
for the latter metal. The domestic supply 
and prices of the major platinum-group 
metals continued to be determined to large 
extent by the selling policy of the U. S. S. R., 
the leading producer. 

Indicated industrial consumption of plati- 
num-group metals, based on sales, increased 
slightly; industry stocks were less than those 
at yearend 1967. 

The copper industry strike, which con- 
tinued through the first quarter, again 
reduced domestic production of platinum- 
group metals. 

World output of platinum-group metals 
continued to expand for the sixth consecu- 
tive year. 


Legislation and Government Programs.— 
The Government added about 93,600 
ounces of palladium to its stockpile of 
strategic and critical materials under its 
200,060-ounce palladium contract. On De- 
cember 19 the Government contracted for 
2,238 ounces of iridium for delivery by 
June 30, 1969. Payment for the iridium 
will be made with 9,200 ounces of ruthe- 
nium sponge which has been authorized 
for disposal from the stockpile. 

On June 17, a contract was let for 
refining 7,980 ounces of excess subspecifica- 
tion grade palladium, payment for services 
performed to be made in excess materials 
from the stockpile. 

Legislation was introduced in the Con- 
gress for the release of 115,000 ounces of 
excess platinum from the national stockpile, 
but enactment of the bill (H.R. 5789) was 
held in abeyance pending approval of 
amendments and further consideration be- 
fore the House Armed Services Committee. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient platinum-group metals statistics 


(Troy ounces) 


1964 1965 1966 1967 1968 
United States: 

Mine production ) 40,487 35, 026 51,423 16,365 14,793 
GIG oo o oe ee thousands. . $2,396 $2,041 33,107 31,429 31, 501 

Refinery production: 
New metal ` .....--------------- 71,090 61,728 73,615 29, 663 12,305 
Secondary metal.................- 120,147 108,525 103, 321 865,799 329 , 455 
Exports (except manufactures) .......... 146,306 103,097 205, ,456 279,852 895,167 
Imports for consumption. nn 882,705 1,172,648 1,352,256 1,821,278 1,772,119 
Stocks Dec. 31: Refiner, importer, dealer 767 ,264 26, 373 1,129,604 869,211 802,711 


Consumption 
World: Droduetion. . . .  . .. .. .. 


1,117, 680 1, 186, 701 1. 67 1,83 
2, 545, 161 2,968,885 3, ,055, 098 3,169, ,720 3, 415, 825 


5,795 4, ,296 


1 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic gold 


and copper ores. 
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Table 2.—Government inventory of platinum-group metals, December 31, 1968 


(Troy ounces) 


Objective 
Metal National Supplemental 
stockpile stockpile ` Conventional Nuclear 
war war 
[ridic iere ELK LLL LUE 118,897 .........-- 17,000 8,100 
Palladium... u. ul ⁵ðᷣ TA ? 294,439 747, 680 1, 300, 000 630, 000 
Platinum. ³ĩÄ¹ A ose sce cece 3 400,077 49,999 335,000 235,500 
Ruben ee een: te // eebe 


1 Excludes 184 ounces nonstockpile grade. 
2 Excludes 6,394 ounces nonstockpile grade. 
3 Excludes 86 ounces nonstockpile grade. 


DOMESTIC PRODUCTION 


Refinery production of new metal con- 
tinued to decline for the second consecutive 
year, largely because of the effects of the 
copper strike that closed major copper 
refineries during parts of 1967 and 1968. 
Output of primary metals was nearly 60 
percent less than that in 1967; recovery of 
secondary metals declined about 10 per- 
cent. Most of the domestic production was 
recovered as a byproduct of copper refin- 
ing, but a significant part of the total 
output came from Alaska placers. 

Toll refining of platinum-group metals 
increased 16 percent in 1968 to a total of 


2,337,100 ounces, of which 2,135,200 
ounces or 91 percent was from used mate- 
rials and the remaining 201,900 ounces 
from virgin material. With the exception 
of platinum, all metals showed an increase 
in the amount refined on toll: Platinum 
decreased 3 percent to 1,184,590 ounces; 
palladium increased 49 percent to 1,055,- 
470 ounces; and rhodium refining was up 
6 percent to 73,350 ounces. The quantities 
of iridium, osmium, and ruthenium toll 
refined increased sharply in 1968 to 11,810, 
2,920, and 9,020 ounces, respectively. 


Table 3.—New platinum-group metals recovered by refiners in the United States by sources 


(Troy ounces) 


Year and source Plati- 
num 
1904 oe ee ee eee 80,539 
. ⁰yd ³ 25,247 
J ³ÄAÜ0ſ Dd 30, 048 
1967: 
Domestic sources: Crude platinum; gold 
and copper refinin g 6,736 
Foreign crude platinum 18,560 
;ö§ö’——OV;³;ůũd sus boc eee ek 20,296 
1968: 
Domestic sources: Crude platinum; gold 
and copper refin ing 4,816 
Foreign crude platinum 1,48 
Toll sce 6,302 


Palla- Irid- Os- Rho- Ruthe- Total 
dium ium mium dium nium 

27,301 8,981 515 6,274 2,480 71,090 
26,339 2,628 1,199 4,858 1,452 61,728 
31,367 3,979 1,538 5,650 1,088 78,615 
8,142 754 151 57 11 15,851 
120 _..... 8 132 2 „812 
8,262 754 151 189 11 29,668 
5, 275 454 95 36 6 10,682 
Bg. ull 8 54 1,628 
5,358 454 95 90 6 12,305 


Table 4.—Secondary platinum-group metals recovered in the United States 


(Troy ounces) 


Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 
199,;;k.üöüͤ 86 66,043 49,879 764 928 2,888 195 120, 147 
/§ö§; ;u- k ⁊ᷣ y muu 562 50, 025 960 763 2,590 625 108,525 
19809006. 49,563 50,009 402 728 2,434 185 108,321 
1900 .. reLS eA Dcs 126,977 215,162 7,748 2,877 11,505 2,680 365,799 
LEE 115,587 195, 620 2,127 672 12,176 8,278 329,455 
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CONSUMPTION AND USES 


Consumption of all platinum- group 
metals, as indicated by sales to consuming 
industries, increased slightly in 1968 com- 
pared with the 1967 total. Platinum sales, 
reflecting a tight supply situation, were 
down 8 percent due largely to the falloff 
in shipments to petroleum refiners, but 
palladium sales were up 16 percent, more 
than offsetting the decline in platinum sales. 
Rhodium sales declined 19 percent; sales 
of iridium and osmium dropped 22 and 
12 percent, respectively, while ruthenium 
remained about the same. 

As in several preceding years, the chemi- 
cal, petroleum, and electrical industries 
continued to use most of the platinum- 
group metals, accounting for about 77 
percent of the total sold in 1968 compared 
with 80 percent of the total in 1967. 

In 1968, 28 percent of the total platinum 
sold went to petroleum refiners, 27 percent 
to manufacturers of organic and inorganic 
chemicals, and 20 percent to electrical and 
electronic equipment manufacturers. Of 
the total palladium sold, 46 percent went 
to electrical equipment manufacturers, and 
32 percent to chemical manufacturers. The 
minor platinum-group metals, rhodium, 
iridium, and ruthenium, were used largely 
for alloying with platinum and palladium. 

In the electrical industry, the largest 
consumer of platinum-group metals, the 
major application was palladium for electri- 
cal contacts in telephone equipment; plati- 
num was used largely for aircraft engine 
spark plugs (electrode tips), thermocouples, 
magnets, and electrodeposited printed cir- 
cuits. Small amounts of platinum also were 
used in fuel cell electrodes. New develop- 
ments in this field could lead to a sub- 
stantial increase in platinum requirements. 
Increased quantities of platinum and palla- 
dium powder (paste) were used in minia- 
turized electronic circuits. Significant quan- 


tities of platinum were used in impressed 
current corrosion protection systems. 

The chemical industry used platinum 
and palladium as catalytic materials pri- 
marily in the production of nitric acid for 
fertilizers and explosives, catalysts for the 
manufacture of pharmaceuticals and vita- 
mins, and in laboratory ware. A small but 
growing use of platinum and palladium 
was in catalytic air pollution control sys- 
tems. in the chemical industry and in 
exhaust abatement mufflers for diesel trucks 
and buses. 

The petroleum industry used large quan- 
tities of platinum for reforming of naphthas 
to improve octane ratings of gasoline anu 
for hydrocarbon synthesis to produce num- 
erous petrochemicals. 

In the fiberglass industry a substantial 
quantity of platinum-rhodium alloy was 
used for bushings for attenuating the glass 
fibers and for equipment used in manu- 
facturing other glass products. 

Engelhard Minerals & Chemical Corp. 
reported the development of new markets 
that are likely to expand the use of 
platinum-group metals in various industrial 
products and space equipment. Engelhard's 
new exhaust eliminator, known as the 
PTX-D Purifier, tested on diesel-powered 
fork-lift trucks and mining machinery, 
showed consistent oxidation of contami- 
nants. The success of the PTX-D Purifier 
lies in its platinum-group metal catalyst 
which oxidizes carbon monoxide, hydro- 
carbons and exhaust odors into harmless 
carbon dioxide and water. The units can 
also be designed for use on white gasoline 
or liquefied petroleum gas fueled vehicles. 

A precious metal-crated titanium anode 
developed by the company may replace 
graphite anodes in the chloride manufac- 
turing industry. 
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Table 5.—Platinum-group metals sold to consuming industries in the United States 


(Troy ounces) 


Year and industry 


Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 


1964... eR ELE 451,350 591, 432 9,652 1,379 55, 426 8,441 1,117,680 
TT 2 ese Seas 411,435 717, 085 9, 554 1,684 88,910 8, 088 1, 186, 701 
I ( SE 690,787 894,212 10,998 1,836 69,688 8, 279 1, 675, 795 
1967: 
Chemical 159,384 192, 011 4,610 823 17,770 4,984 379, 582 
Petroleum 5, 560 3, 506 514 397 21 249, 998 
JJV re 45,150 801 128. nol C 11,281 8 56,868 
Electrical. 99,686 324, 684 2, 528 1 11, 736 1,479 440,114 
Dental and medical. 24, 630 56, 085 195 871 77 315 82,178 
Jewelry and decorative 83,342 18,676 2.680 „—ꝙĩ 8,775 1,419 64,897 
Miscellaneous 26, 112 25, 878 1,426 128 4,916 2,204 60,664 
Pot! 633,864 621, 141 12, 086 1,828 54,952 10,480 1,884,296 
1968: 
Chemical.............- 157,677 228,818 2,047 907 14,507 8,037 406,498 
Petroleum 161, 050 22,683 565 201 4 504 
J tee es 47,985 10 EE zonis 7,441 ........ 56,397 
Electrical. 117,258 329, 012 2,716 12 9,514 1,991 460, 501 
Dental and medical 24,908 61,636 890 533 88 8 7,87 
Jewelry and decorative 40,184 17,797 2,998 50 7,059 3, 568 71, 656 
Miscellaneous 31, 150 62,023 716 109 6,016 1. 475 101, 489 
Total. 2c mss cs 580,155 721,479 9,443 1,612 44,776 10,446 1,867,911 


Table 6.—Refiner, importer, and dealer stocks of platinum-group metals 
in the United States, Decmber 31 


(Troy ounces) 


Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 
1964. 878 , 896 817,691 20,022 1,936 88,988 10,331 767, 264 
1988 s 422, 804 427,450 18,374 1,502 44,681 11,71 926,378 
1966 459, 669 574, 651 20, 677 2,559 57,731 14,311 1,129,604 
0 orm 827,919 460,624 17,410 2,802 47,275 13,181 869,211 
1988.——.o 8 322, 932 898 , 882 15,127 2,402 55,097 18,271 802, 711 

STOCKS 


During the year, stocks of platinum- 
group metals held by refiners and dealers 
declined collectively about 8 percent and 
were down individually as follows: plati- 
num, 2 percent; palladium, 14 percent; 
iridium, 13 percent; and osmium, 14 per- 


cent. Inventories of rhodium and ruthenium 
increased 17 and 1 percent, respectively. 

Yearend stocks of platinum and palla- 
dium held in storage by the Mercantile 
Exchange totaled 5,800 and 306,500 ounces, 
respectively. 


PRICES 


A salient feature of the platinum market 
was the extremely wide spread between 
prices quoted by producers for platinum 
and those quoted by dealers, reflecting a 
continuation of the tight supply situation. 
Average dealer prices were more than twice 
those of producers. Palladium prices were 
much more stable with a narrow spread 
between producers and dealers quotations 
reflecting an ample supply and less specula- 


tion. The uncertainity of the supply of 
platinum-group metals from the U.S.S.R. 
continued to be an important factor affect- 
ing their market price. 

The producers price per ounce of plati- 
num advanced from a range of $109 to 
$125 at the beginning of the year to 
$120 to $125 on July 1, remaining un- 
changed to the yearend. Dealers 1968 
quotations opened at $225, dropped to 
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$208 in February, then advanced to a high 
near midyear of $300, thereafter receding 
to a range of $275 to $285, and closing 
at $278. Producers’ quotes for palladium 
rose from $37 to $39 on January 1 to 
$42 to $44 in mid-March, then to $45 to 
$47 on July 1, remaining unchanged 
thereafter. Dealers’ quotations for palla- 
dium advanced from $42 on January 1 to 
a high of $56 in mid-March, dropping to 
$49 in May, advancing to $51 in June and 
declining thereafter to $42 in November 
through December. Producers’ prices of 
the minor platinum-group metals remained 
virtually unchanged during the year as 
follows: Rhodium, $245 to $250; iridium, 


FOREIGN 


Exports of platinum-group metals, were 
up 41 percent in 1968, reaching a record 
high—nearly 395,200 ounces. Platinum 
comprised 56 percent of the total exported. 
Exports of palladium and other metals of 
the group (excluding platinum) increased 
46 percent. West Germany received 30 
percent of the total platinum-group metals 
exported, 17 percent went to the United 
Kingdom, 12 percent to Japan, and the 
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$185 to $190; osmium, $300 to $450; and 
ruthenium, $55 to $60 per ounce. Dealers’ 
price quotations for rhodium ranged be- 
tween $255 and $265 in the first half of 
the year, about $10 to $15 above the pro- 
ducers price; thereafter the dealers’ price 
was virtually the same as the producers’. 
Similarly, the dealers’ quote on iridium was 
slightly higher than the producers’ price 
in the first half but declined after midyear 
to about the same level. Dealers’ prices on 
osmium and rutheniun, virtually unchanged 
at $230 to $250 and $45, respectively, were 
below the corresponding producers’ prices 
in the second half of the year. 


TRADE 


remainder to 13 other countries. 

Imports of platinum-group metals in- 
creased 34 percent in 1968 to a record 
high. Of the total metals imported, about 
66 percent was palladium and 28 percent 
was platinum. The United Kingdom shipped 
about one-half of the total platinum-group 
metals imported, and 30 percent came from 
the Soviet Union; the remainder came 
chiefly from Western Europe and Canada. 
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Table 7.—U.S. exports of platinum-group metals, by countries 


Year and destination 


partly worked) 
Troy Value 
ounces (thousands) 

EE uc 2 22 102,031 $13,414 

1967: 
Argentina_____ ß e 555 65 
Ahhh 2. Pas ua Qs 5 1 
Belgium-Luxembourg..........................- 8,027 211 
EN Cu REENEN 362 26 
En. 6,087 623 
111; ²·˙¹¹1¹¹ÜAʃͥͥ e 252 23 
Colom TT se oo nm cogendi ee ee eee 20 8 
France... EE 11,907 1,420 
Germany, Weste 49,824 6,582 
Hong RKnng EE Ed EE 711 117 
[Idi ³·¹¹wA uuu ee re ete 24 4 
CC!!! AAA a a aa 16,408 1,819 
ER EE 17 ,646 2,832 
MexiGO zu tuo ceu 1,059 88 
Netherlandſs ss 9,023 1,054 
Jö§öé»—.ĩéĩðĩi⸗ d omms NE Dansa 
Switzerland... olco . 0m m 8 197 22 
on Kinds 0 d See 44,189 4,338 
)) EE 289 20 
gv WEE 161,585 19,248 

1968: 
AFPenUHR. EE 7 1 
SEENEN ETE 88 
Belgium- Luxembourg 30, 961 1,622 
Bravo. 22. ff ðè EE 583 28 
Canada: n LE SEE 1,675 188 
e, . d ee oe eee 11,274 1,355 
Germany, Wess 66 , 596 10,961 
Hong Kongo ß ß ß ee 
EEN 12,006 1,410 
Japan EE 21,928 4,581 
MON 60 EE 916 65 
Netherlands. 19,858 3,822 
Netherlands Antilles 
%0%%%˙§ö§%[y ß Rie uie 

Switzerland 2,061 8 
United Kingdom: ¿L u u 00 2 :2523c 54,973 7,856 
! 8 165 24 
I; ³˙¹¹ww.. EEE 222, 998 30, 997 
r Revised. 


Platinum (ore, concen- 
trates, waste and scrap, 


and platinum 


unworked or 


Table 8.—U.S. imports for consumption of 


platinum-group metals 


Year Troy Value 
ounces (thousands) 
190 1,352, 256 383,481 
1967... ðö ez r 1,321,278 r 92,120 
1968_..... 1,772,119 124, 561 


Palladium, rhodium, 
iridium, osmiridium, 


ruthenium, and osmium 


(unworked or 


Troy 
ounces 


108,425 


172,159 


partly worked, n.e.c.) 


Value 


(thousands) 


$6,711 


18,522 
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WORLD REVIEW 


World production of platinum-group 
metals increased 8 percent in 1968, the 
sixth consecutive annual gain and a record 
high output. 

The three major producing countries, 
U.S.S.R., Republic of South Africa, and 
Canada, EE moderate increases. US 
production dropped for the second con- 
secutive year, reflecting the effects of the 
copper strike. Output in Colombia showed 
an appreciable gain. 


Canada.—Canadian production of plati- 
num-group metals was 63,137 ounces more 
in 1968 than that in 1967. Virtually all of 
these metals were recovered as byproducts 
of nickel ores by The International Nickel 
Company of Canada Ltd. (INCO) and 
Falconbridge Nickel Mines, Ltd., mostly 
in the Sudbury district of Ontario. The 
platinum-rich slimes from INCO nickel 
refining operations was shipped to the 
company’s precious metals refinery at 
Acton, England, for separation of the plati- 
num-group metals. Falconbridge shipped 
nickel matte to its nickel refinery in 
Khristiansand, Norway. Platiniferous slimes 
from the nickel refinery were shipped to 
Engelhard Minerals & Chemical Corp. in 
Newark, N.J., for separation of metals. 


Colombia.—Output of platinum and 
associated metals increased nearly 21 per- 
cent in 1968. International Mining Corp., 
the largest producer of platinum, reported 
that it recovered 13,049 ounces of platinum 
from 15.5 million cubic yards of placer 
gravels dredged in the Choco and Narino 
areas. Dredging reserves totaled 163.7 mil- 
lion cubic yards with an average value of 
18.8 cents per cubic yard compared with 
173.2 million yards averaging 17.2 cents 
in 1967. The company reported that an 
additional small dredge began operations in 
the San Juan river basin in August and 
another small dredge is scheduled to start 
operation in Narino in mid-1969. 


South Africa, Republic of.—The expan- 
sion in output of platinum-group metals 
continued for the sixth consecutive year 
in 1968 with a gain of 9 percent over 
1967 output. Nearly all the platinum-group 
metals were produced from platinum ores, 
but a small amount of osmiridium was 
recovered as a byproduct from gold ores. 

Rustenburg Platinum Mines, Ltd., con- 
tinued to increase productive capacity at 
its mines. In 1968 the company expanded 
its plant facilities to produce 850,000 
ounces of platinum annually by late 1969 


Table 10.—World production of platinum-group metals 


(Troy ounces) 


2 Sales 
3 Total is of listed figures only. 


Country 1964 1965 1966 1967 1968 v 
North America:! 
anada: Platinum and platinum group 
Metale- . aa a 876 ,288 468 ,127 896 ,059 401,263 464, 400 
United States: Placer platinum and from 
domestic gold and copper refining. . _ _ _ 40,487 85,026 51,423 16,365 14,798 
South America:! Colombia: 
Placer platinum 20,647 11,141 r 15,671 12,411 15,076 
Tu R.: 
lacer platinum and from platinum-nickel- 
PU copper ores . 1,500,000 1,700,000 1,800,000 1,900,000 2,000,000 
rica: 
Ethiopia: Placer platinum e 180 858 818 282 e 250 
South Africa, Republic of: 
Platinum-group metals from platinum 
ores EE 600,000 750,000 780,000 825,000 900,000 
"s Osmiridium from gold oress ? 4,185 28,820 2¢8,400 e 8,000 * 14,000 
sia: 
Japan: 
Palladium from refineries 1,875 2,952 5,494 3,327 4,034 
Platinum from refiner ies 2,199 2,466 2,783 3,072 2,772 
Toal EE r 2,545,761 : 2,968,885 73,055,098 3,169,720 3,415,325 
e Estimate. P Preliminary. r Revis 


ed. 
1 U.S. imports include platinum from oe Western Hemisphere countries which are not listed as producers. 
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and plans further increases to 950,000 
ounces by early 1970 and 1 million ounces 
by the latter half of 1970. Rustenburg 
believes that its latest expansion will bring 
the platinum supply and demand into 
balance by mid 1970. 

Union Corp., Ltd., reported the develop- 
ment of an improved process for treating 
osmiridium obtained from its Evander gold 
ores that will increase production of osmi- 
ridium and enable the osmiridium to be 
processed in South Africa instead of being 
exported for refining. 

Union Corp. plans to construct a second 
refinery at East Geduld to process platinum 
and associated metals produced at the 
Bafokeng Mine of Impala Platinum Ltd. 
near Rustenburg. The platinum refinery 
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will produce both base and platinum-group 
metals and will be entirely separate from 
the osmiridium refinery treating the con- 
centrate produced as a byproduct of gold. 

The Bafokeng Mine of Impala Platinum 
Ltd. was being opened by three pairs of 
inclined shafts, and lateral development at 
yearend was proceeding at a rate of 7,500 
feet per month. Ore milling was scheduled 
to commence in January 1969 and smelting 
and refining operations by mid-1969. Initial 
production, at an annual rate of 100,000 
ounces of refined platinum, is scheduled to 
begin near the end of 1969. Besides asso- 
ciated metals of the platinum group, the 
mine will also produce substantial quan- 
tities of byproduct nickel and copper. 


TECHNOLOGY 


The principal applications of the plati- 
num-group metals were in industries that 
are highly research oriented. Research and 
development continued as a major effort 
during the year to improve process tech- 
nology and develop new products. Extensive 
research to broaden the use of catalysts in 
the petroleum, petrochemical, chemical, 
and pharmaceutical industries was particu- 
larly noteworthy. 

Universal Oil Products Corp. (UOP) 
developed a new platinum reforming cata- 
lyst (R-16) which improves efficiency in 
the use of platinum in producing high- 
octane, lead-free gasoline. 

The R-16 catalyst used as a drop-in 
replacement in the UOP platforming 
process at several oil refineries is reported 
to (1) improve operation stability, and 
(2) provide higher yields of fuel, and 
larger, more uniform quantities of by- 
product hydrogen at no additional cost. 
Refiners using R-16 produce more desul- 
furized fuel products compatible with cata- 
lytic mufflers for engine exhausts. 

A rhenium-platinum reforming catalyst 
developed by Chevron Research is reported 
to be twice as efficient as the best con- 
ventional catalysts, giving higher product 
yield on lower capital investment. A test 
installation using the catalyst operated for 
20 months before requiring regeneration, 
with no falloff in yield. The catalyst, con- 
sisting of a mixture of rhenium and plati- 
num supported on alumina, could signifi- 


cantly reduce the petroleum industry's 
demand for new platinum.“ 

Engelhard Minerals & Chemicals Corp. 
also reported the development of a new 
platinum catalytic process for gasoline re- 
forming called Magnaforming. Test runs at 
a large reforming plant indicated that the 
new process may effect substantial economy 
in producing high-octane gasoline com- 
pared to yields obtained from conventional 
methods at the same rate of output. 

The Atomic Energy Commission (AEC) 
announced the development of a laboratory- 
scale ion-exchange separation process for 
recovering palladium and rhodium from 
atomic wastes which remain after the pri- 
mary elements plutonium and uranium 
have been separated out of the nuclear 
reactor fuels. The AEC emphasized the 
need for scaling up the process to com- 
mercial levels and to work out the eco- 
nomics involved. The AEC also sought 
expressions of private interests in providing 
the additional facilities needed to separate 
palladium, rhodium, and technetium on a 
commercial scale from the waste fractions 
it can furnish. With the expansion of 
nuclear power anticipated in future years, 
fission waste products may constitute a 
significant source of supply of the plati- 
num-group metals, ruthenium, rhodium, 
and palladium. 


2 Metals Week. May 5, 1969, p. 18. 
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Potash 


By Donald E. Eilertsen ! 


World potash production and U.S. potash 
consumption, imports, and exports con- 
tinued to establish new high records. 
Domestic output, however, faced by keen 
competition from imports, continued to 
slump the peak production of 1966 to the 
smallest output since 1962. Canada led the 
free world in potash output for the first 
time. 


Legislation and Government Programs.— 
Complaints filed with the Treasury Depart- 
ment in 1967 alleging that potassium 


muriate from Canada, West Germany, and 
France was being sold in the United States 
at less than fair value within the meaning 
of the Antidumping Act of 1921, as 
amended, continued under investigation. 
On June 18, Customs Officers were directed 
to withhold appraisement of potassium 
muriate imported from these countries 
and at yearend the investigations were still 
under way. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient potash statistics 


(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 
Production of potassium salts, market able 4,954 5,401 5,701 5,649 4,769 
Approximate KzO equivalent 2, 3,140 3,32 3,299 2,722 
e eta EE $114,095 $129,767 $122,210 $105,318 $75,664 
Sales of potassium salts by producers 5,201 5, 5,3 5,863 5,091 
Approximate K:0 equivalent 3,045 2,9 3,133 8,126 2,913 
Value at pllanmdulW l2 Lll lll... $120,284 $121,161 $116,340 $100,566 $81,620 
Average value per ton... $23.13 $24.10 $21.64 $18.75 $16.08 
Imports for consumption of potash materials 1,254 1,867 2,544 2,929 3,672 
Approximate K;O equivalent 737 1,108 1,491 1,708 2,179 
QING ioe oc Boe et owt u d d EI $35,797 $52,675 $71,821 $73,649 $78,578 
Exports of potash materials -------------- 1,048 1,099 1,053 1,175 „373 
Approximate KzO equivalent 618 648 621 693 810 
I ⁰V $37,586 342,494 338,159 839,896 $44,724 
Apparent consumption of potassium salts !__ _ _ _ 5,407 5, 6, 7,117 7,39 
Approximate KzO equivalent 3,164 3,391 4,003 4,141 4,282 
World: Production, marketable: 
Approximate K2O equivalent 13,415 15,128 16,059 16,858 17,140 


! Measured by sold plus imports minus exports. 


DOMESTIC PRODUCTION 


Marketable production of potassium salts, 
in terms of potassium monoxide (KzO) 
equivalent, was 17.5 percent less than in 
1967 and 18 percent less than the record 
output of 1966. Although New Mexico 
output continued to decline, the State 
accounted for 84.1 percent of the total 
1968 output. The average grade of New 
Mexico's production of crude potassium 


salts was 17.8 percent Kat), compared with 
18.2 percent in 1967. The drop in domestic 
potash production from 1967 to 1968 was 
largely attributed to larger imports of 
potassium muriate from Canada. 

Eleven firms in five States produced 
potash raw materials. They were Duval 
Corp.; International Minerals & Chemical 
Corvo.. (IMC); Kermac Potash Co.; 
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National Potash Co.; Potash Company of 
America; Southwest Potash Corp.; United 
States Potash & Chemical Co. (from mines 
in New Mexico); American Potash & 
Chemical Corp. (from brine in California) ; 
Marquette Cement Manufacturing Co. (as 
byproduct in the manufacture of cement 
in Maryland); The Dow Chemical Co. 
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(from brine in Michigan); and Texas Gulf 
Sulphur Co. (from operations in Utah). 

In August, United States Borax & 
Chemical Corp. sold its potash properties 
in New Mexico which had been idle for 
9 months, to Continental American Royalty 
Co. The new owner’s subsidiary, United 
States Potash & Chemical Co., reactivated 
the operation shortly after the sale. 


Table 2.—Production and sales of marketable potassium salts 
in the United States in 1968, by product 


(Thousand short tons and thousand dollars) 


Production Sales 
Product 
Gross K20 Value 1 Gross Ra Value 
weight equivalent weight equivalent 
Muriate of potash, 60 percent K;O mini- 
mum: 
Standard EE 1,732 1,059 323,035 1,799 1,103 $23 ,550 
COATSC u Z os oe occae 8 1,255 764 19,102 1,423 868 21,744 
ËTT EE 757 458 12,048 791 479 12,727 
OL OUR k SG ot ͤ K ee ss 8,744 2,282 54,186 4,013 2,449 58,021 
Other potassium salts 1,025 489 21,478 1,078 463 23 ,599 
Grand total. 4,769 2,722 15,664 5,091 2,918 81,620 


1 Derived from reported value of “Sold or used." 


2 Figures for refined muriate and manure salts are included with potassium sulfate and potassium-magnesium 
sulfate to avoid disclosing individual company confidential data. Includes sulfate manufactured from captive 


production of muriate. 


Table 3.—Production and sales of potassium salts in New Mexico 


(Thousand short tons and thousand dollars) 


Crude salts ! Marketable potassium salts 
Year Mine production Production Sales 

Gross K20 Gross K20 Value 2 Gross K:0 Value 

weight equivalent weight equivalent weight equivalent 
LI .. c 17,356 3,122 4,585 2,675 $104,861 4,815 2,814 $110,772 
o uu: 18,557 8,363 4,919 2,848 117,771 4,607 2,677 110,424 
1906... oem 20,105 8,528 5,096 2,953 108,653 4,872 2,827 104, 668 
196(.. A 18,906 8,434 4,950 2,883 91,098 4,797 2,784 88 , 788 
1968... 222 14, ,982 2, 564 4,051 2,289 63,406 4,425 2, 611 70,198 


1 Sylvite and langbeinite. 
2 Derived from reported value of “Sold or used.” 


CONSUMPTION AND USES 


The apparent consumption of potassium 
salts in the United States, measured by 
sales plus imports minus exports exceeded 
7 million short tons for the second con, 
secutive year and established the 21st 
new record in the past 25 years. 

Deliveries of potash, both domestic and 
unported, for agricultural and chemical 


uses were the largest ever reported. Agri- 
cultural deliveries amounted to 94.5 per- 
cent of the total. The largest deliveries of 
agricultural potash, amounting to 36.6 
percent of the total, were made to Illinois, 
Iowa, Indiana, and Ohio. New York was 
again the leading recipient of potash de- 
livered for chemical usage. 


POTASH 


Table 4.—Deliveries of potash salts in 1968, by States of destination 


(Short tons KzO equivalent) 
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Agri- Chem- Agri- Chem- 
Destination cultural ical Destination cultural ical 
potash potash potash potash 
Alabama 115,214 24, 206 Montana 8888 --- 
Alaska ---------- 941 Nebraska 34,731 517 
Arizona 916 19 Nevada 152 „098 
Arkansasssss 81,155 672 New Hampshire 185 68 
California 46,191 12,949 New Jersey..........--- 15,615 2,508 
Colorado 7,343 168 New Mexico 5,557 1,170 
Connecticut 2,936 875 New Vork 96,759 84,388 
Delaware 14,707 11,970 North Carolina 126,896 53 
District of Columbia...... 33888 North Dakota. ........- 8,633 22 
lJorida._.. occ 218,200 973 0) AT EE 276,061 8,085 
Georgia 198,782 365 Oklahoma. ............- 15,991 220 
Hawaii 23,151 ....... Oregon 11, 800 847 
nls ene ey ea 6,261 ....... Pennsylvania 37,259 4,354 
Illinois 543,848 26, 950 Rhode Island „596 649 
Indiana. ..... . . 308,613 5,087 South Carolina 113,909 156 
I sa ᷣ is. 327, 566 900 South Dakota „83 18 
Kansgag s 27, 842 1,007 Tennesse 94, 858 114 
Kentucky / 65,928 16,869 POX AG 26 c ͤ os 176,289 8,684 
Louisiana 47,211 659 Utali...i.: oed deese 1,188 72 
Mamme ` -a -------- 18,509 105 Vermont: 101, 548 8 
Maryland 73, 564 1,934 Vireinig ------- 4,884 200 
Massachusetts 2,618 551 Washington 19,152 2, 846 
Michigan 107, 871 2,709 West Virginia 3, 825 6,156 
Minnesot˖aa 211,259 565 Wisconsin 166, 866 111 
Mississippi 92,497 494 Wyoming 12019 52s 
isso uri 170, 819 1,318 —ͤ—e— ö ä —ů 
Total 3,975,949 233,174 
Source: American Potash Institute, Atlanta, Ga. 
STOCKS 


Producers yearend stocks of potassium Table 5.—Producers’ stocks of potassium 
salts were 21.7 percent less than the all- salts in the United States 
time high set in 1967. Yearend stocks of 


imported potash were not available. (Thousand short tons) 


Number Stocks, Dec. 31 

Year o —- 
producers Gross Ka) 

weight equivalent 
19864. — 10 519 295 
19668 12 892 504 
1966 12 1,215 690 
19 ee ee 12 1,501 863 
19682... 8 13 1,175 676 
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Figure 1.—Marketable production, apparent consumption, 
exports, and imports, K2O equivalent. 


PRICES 


The published prices of potassium muri- 
ate and potassium sulfate are shown in 
table 6. In general, prices of standard, 
coarse, and granular potassium muriate 
were substantially smaller during the first 


7 months of 1968 than those for the same 
period of 1967. However, prices were 
higher during the last 5 months of 1968 
than those in 1967. 
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Table 6.—Prices for potassium products? 


Product Jan. 1-Feb. 16 Feb. 17-Aug. 2 Aug. 3-Dec. 81 


Potassium chloride, chemical grade (95 to 99 percent 


KCl), per short ton... $28.00 $28.00 $28.00 
Potassium muriate, per unit-ton: ? 
Standard (60 percent K30O minimum) .28 KI .90 to .38 
ÜBISO- EENS 81 3 .98 to .42 
Granula ena o mhz cd 8415 36 86 
Potassium sulfate (per unit-ton): 2 
Agricultural (minimum 50 percent K2O)  ...... 3.75 4.80 .60 
eee EE 3.85 4.90 .68 
1 Bulk, carlots, works. 
220 pounds of equivalent K20. 
3 Until Feb. 2, 1968. 
‘Until Sept. 18, 1968. 
Source: Oil, Paint and Drug Reporter. 
Table 7.—Bulk prices for potash * 
(Cents per unit K:0) 
1968 1969 
Product 
Jan Feb.- July- Jan. Feb.- 
May Dec June 
Muriate, 60 percent K;O minimum: 
Standard uu a 28 80 29 29 22 
%; ²ð] §̊iꝭ⁊ʒf :ö:- ! y 31 33.5 33 83 25 
Ä Ä¹˙ͥſ.id.Adffffſfſ E 34.5 36.5 35 35 27 
Sulfate of potash, 50 percent Kz0 minimum: 
Standard... uut ec s . Z Ous 75 80 75 
Mine run salts, 20 percent K;O minimum 17.65 17.65 17.65 17.65 17.65 
1 Carlots, f.o.b. cars Carlsbad, N. Mex., or Potasco, Saskatchewan, Canada. 
Source: Potash Company of America, Division of Ideal Basic Industries, Inc. 
Table 8.—Bulk prices for California potash * 
(Cents per unit K»O) 
1968 1969 
Product 
Jan. Feb. June- Oct.- Jan. Feb.- 
May Sept. Dec. May 
Muriate, 60 percent KO minimum: 
C/ ce ĩᷣ K ee ure 42 44 38 40 40 43 
COOrSC = sap ce ee ⁰⁰ydß eee eed 47 49 42 44 44 47 
Sulfate, 52 percent K;O minimum: 
Standard... ³ðVſ ⁰ cokes asd a 85 90 78 88 83 88 
Gall!!! é 99 104 86 91 91 96 


1 Quoted by American Potash & Chemical Corp., carlots, f.o.b. Trona, Calif., for season of June 1, 1967, 
through May 31, 1968, on price lists of June 1, 1967; and for season of June 1, 1968, through May 31, 1969, 
on price lists of June 1, 1968. 


FOREIGN TRADE 


The export of potash fertilizer materials 
exceeded all previous records, and chemi- 
cal potash exports were next to the record 
amount. Japan, South Korea, and Aus- 
tralia received 49 percent of the total 
fertilizer exports; South Korea and Canada 
received 54 percent of the chemical ex- 


ports. 

Imports of potash fertilizer materials 
exceeded previous records, and chemical 
potash imports were among the largest on 
record. Ninety percent of all potassium 
muriate imports (3.2 million short tons) 
were from Canada. 
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Table 9.—U.S. exports of potash materials, by countries 


Destination 


Australia.................- 


Ce Al EE 


Korea, South... ------ 


Pakistans 


Philippines 
Singapore 
South Africa, Republic of 
Sweden 


1 | VPP 
United Kingdom 
Venezuela____ ------ 
Vietnam, South. ..........- 
Other countries 


1 Less than 14 unit. 


Fertilizer 

1967 1968 
Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
8,861 $128 5,600 $159 
101,216  À 3,078 100,90 2,816 
683 83 28,579 1,019 
89,235 946 82,488 2,191 
64,722 2,496 73,243 2,750 
16,116 454 18,592 543 
21,980 825 23 , 803 784 
19,120 571 25,698 597 
50 2 56 2 
8,025 100 8,016 288 
5,126 174 5,845 219 
81 7 2,960 62 
148 5 2,688 39 
14,011 706 10,706 434 
5,020 179 6,395 192 
49,732 1,727 26,128 1,165 
81 11 9 2 
15,563 422 13,476 291 
428,317 13, 349 422,769 12,751 
111,300 2,811 132,388 3, 035 
3,856 111 3,196 88 
44,791 1,211 55,486 1,334 
eel te: eL 33,207 660 
4,408 138 2 1 
36,274 1,298 82,650 1,179 
11 ,262 299 88,602 1,552 
8,084 126 3,708 165 
21,675 513 21,584 511 
2,787 75 15,626 540 
19,769 451 132 12 
7,777 255 12,913 470 
61,811 1,406 78,298 1,649 
53 9 ͤ·˙d “eee: 
1,423 69 2,964 175 
8,084 341 20 ,654 790 
6,994 260 , 500 296 
12,458 436 26,518 899 
1,146,131 35,010 1,339,491 39,610 


Chemical 
1967 1968 

Short Value Short Value 
tons (thou- tons  (thou- 
sands) sands) 

479 $119 1,781 $810 
664 195 171 
187 108 61 24 
1,051 2836 1,707 869 
8,744 1,468 7,459 1,878 
236 24 7 17 
76 84 50 17 

4 2 622 26 

579 128 726 156 

5 3 9 3 

9 2 56 87 

7 17 28 18 
854 188 518 110 
1,621 491 1,886 616 
19 5 10 4 
407 94 483 118 
1,371 811 727 153 
19 15 29 12 

11 11 857 75 
F 10, 582 366 

(2 1 (M) 

1,322 251 1,844 271 
530 206 179 42 

3 5 3 1 

72 17 59 22 

3 15 883 77 

45 27 126 51 
85 52 79 88 
"D 3 2 
7,237 128 132 32 
79 27 45 16 

29 11 18 7 
148 29 7 2 
1,216 306 983 289 
261 75 355 85 
226 87 28 5 
1,459 254 1,467 254 
29,060 4,886 38,397 5,114 
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POTASH 


WORLD 


Australia.—Magellan Petroleum Aus- 
tralia Ltd. and three associates began 
drilling the first of two 5,000-foot ex- 
ploratory wells in the Shark Bay area, 
400 miles north of Perth, Western Aus- 
tralia. The exploration program is centered 
on 2 million acres of land extending 
around Shark Bay, which adjoins the 
Indian Ocean. The venture was under- 
taken as a result of a test well drilled in 
1967 that showed evaporite deposits con- 
taining high percentages of bromine, an 
indicator of potash. Shark Bay is close to 
markets in Oceania and Japan.’ 

Plans by Texada Mines Pty. Ltd., to 
establish Australia’s first potash plant at 
Lake McLeod were expected to be com- 
pleted within a few months, but the 
enormous quantity of byproduct salt that 
would be produced in competition with 
other producers of salt in the area was 
still causing great concern to the Western 
Australia Government and the salt pro- 
ducers in the State. Texada planned to 
spend $13 million (Australian) at Lake 
McLeod for the potash plant and by 1971 
produce 200,000 long tons of potash an- 
nually. The Texada plant reportedly could 
make Australia self-sufficient in potash.? 


Canada.—Saskatchewan is fast becom- 
ing the world’s largest producer of potas- 
slum raw material. Seven plants, represent- 
ing an investment of $428 million and 
having a total capacity of 8.45 million 
short tons of potassium chloride (C1), 
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or 5.07 million tons of K20 equivalent, 
were in operation by yearend 1968. By 
1971, three more planned operations will 
increase total investment to $649 million 
and total capacity to 12.15 million short 
tons of KCl (7.29 million tons of Ka 
equivalent). ` 

At Allen Potash Mines, 35 miles south- 
east of Saskatoon, the excavation joining 
the service and rock-hoisting shafts was 
completed in April. The new, 10-foot borer, 
continuous mining machine, used for the 
first time in a potash mine, performed 
satisfactorily. 

The cargo vessel Nelson C. White, 
chartered by IMC, made her maiden trip 
from Vancouver, B.C., to Port Sutton, Fla., 
carrying 33,500 short tons of potash from 
IMC’s mines in Saskatchewan. The ship 
returned with 35,000 short tons of phos- 
phate rock from the company’s Florida 
operations.” 


Ethiopia.—Thick halite deposits in the 
deepest portion of the extensive Danakil 
area in northern Ethiopia contain at least 
two horizons of potash. So far, only the 
upper one has been explored underground 
for potash, and this work was done at 


2 Skillings Mining Review. Potash Exploration 
in Western Australia. V. 57, No. 39, September 
1968, p. 12. 

3 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 12, December 1968, pp. 27-28. 

4 Koepke, W. E. Potash. Canadian Minerals 
Yearbook 1967, preprint June 1968, 9 pp. 

5 Phosphorus and Potassium. Nelson C. White 
Maiden Voyage. No. 35, May-June 1968, p. 47. 


Table 12.—World production of marketable potash, by countries! 


(Thousand short tons, KO equivalent) 


Country 1964 1965 1966 1967 1968 P 
North America: 
Canada EET a otal Z eee RUE rane a tee ah 858 1,491 1,990 r 2,883 2,891 
United States. 2,897 3,140 3,320 3,299 2,722 
Europe: 
PT8066: occu oes ee ee ie ea Bh 1,991 2,081 1,964 r2,004 1,895 
Germany 
[l eel CA LSU n ĩͤ WR Sark ae! 2,047 2, 123 2,211 12,432 2,425 
/ mua sua eed 2,426 2,629 2,525 r2,349 2,447 
RE r219 er 256 er 277 er 270 e 293 
OD acc reu ³ m 8 380 475 r 535 r 629 e 653 
SU SS EE 2,425 r2,610 r2,895 13,161 e 3,472 
/ ³oW¹www ĩð ad ge paz r 172 r 323 r 342 r 331 342 
Total EE r 13,415 115,128 16,059 :16,858 17,140 
e Estimate. P Preliminary. r Revised. 


1 Chile also produces potash-bearing materials as nitrate compounds; data on KO equivalent are not 


available, but the quantity is relatively small. 
2 Year ended March 31 of year following that stated. 
3 Totals are of listed figures only. 
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Musley where the deposit is shallow and 
being prepared for commercial operations. 
At Musley, the upper horizon of potash 
ore, from the top downward, contains a 
zone of sylvite ore ranging up to 36 feet 
in thickness, an intermediate zone of carnal- 
lite ore from 10 to 80 feet thick, and a 
basal zone of kainite, 13 to 43 feet thick." 


France.—The European Investment Bank 
in Luxembourg reportedly loaned $17 
million to Mines de Potasse d'Alsace, the 
State-owned potash monopoly, for modern- 
izing the potash mines in the Mulhouse 
area. France's annual output of 1.8 million 
metric tons of potash will eventually come 
from the three most economical mines and 
processing units.’ 


Germany, West.—The market situation 
for potash (K20) in West Germany was 
reported as follows (in short tons): Domes- 
tic production, 2,447,128; domestic de- 
liveries, 1,309,544; exports, 1,214,746; and 
imports, 49,604. Potash was exported to 
approximately 50 countries, with the seven 
largest shipments, in short tons, going to 
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Poland, 181,000; France, 132,277; United 
States and Puerto Rico, 83,996; Denmark, 
83,445; Netherlands, 78,815; Belgium 
73,193; and Cuba, 53,903. 


Morocco.—Potash deposits near Khemis- 
set were studied by a research team fi- 
nanced by the United Nations. Sixteen deep 
holes, drilled in 1967, had revealed re- 
serves estimated at 40 million metric tons 
of sylvinite and 200 million tons of carnal- 
lite. The team's objectives were to search 
for new reserves of sylvinite, which is 
easier to develop than carnallite, and to 
develop better methods to utilize the known 
deposits. 


Pakistan. West Pakistan Industrial De- 
velopment Corp. started to deep-drill a 
brine deposit at Dhariala, about 120 miles 
southeast of Rawalpindi, for further in- 
formation on the flow quantity, quality, and 
pressure. The deposit was believed to con- 
tain 25 million barrels of brine containing 
6.5 percent potassium chloride. 

The U.S. Geological Survey described 
some occurrences of potash in West 
Pakistan.“ 


TECHNOLOGY 


Some promising results were obtained by 
the Bureau of Mines in its studies on 
beneficiating potash ores from New 
Mexico by heavy liquid techniques. Three 
different ores were tested, each one having 
a unique liquid separation problem. One 
ore was upgraded to 59 percent Ka, with 
a 90 percent recovery, which compares 
favorably with commercial ores containing 
a minimum of 60 percent Kal The second 
ore was upgraded to 50 percent 20; it 
would however, have to undergo another 
purification step to remove carnallite in 
order to make the ore commercially attrac- 
tive. The third ore was upgraded to 59 
percent Ko0, with 80 percent recovery.” 

Texas Gulf Sulphur Co. (TGS) finished 
drilling its 6-foot-diameter vertical auxiliary 
shaft to a depth of 2,710 feet at its Crane 
Creek potash operations near Moab, Utah, 
in January. The top 254 feet were drilled 
by conventional driling and blasting 
methods and the balance by rotary drilling 
techniques. The shaft was said to be the 
largest privately owned, rotary-drilled shaft 
in the United States. The drill rig was 134 
feet high, and the rotary drill, weighing 
150 tons, was driven by a 1,500-horsepower 


motor. The 40-foot-long drill-bit assembly 
contained stabilizers, reamers, and a 6-foot- 
diameter bit. Two types of bits were used— 
sharp teeth to cut the sand and shale 
formations to a depth of 800 feet, and 
tungsten carbide inserts to cut the lime- 
stone formations below. The shaft, advanced 
20 feet per day through limestone. Rock 
cuttings were removed by water (3,000 
gallons per minute) and compressed air. 
Later, the shaft was lined with 34 sections 
of steel tubing, each 4 feet in inside diam- 
eter, 80 feet long, and ½ to 1'% inches 
thick, depending on the depth installed. 
Three-inch thick steel rings were welded 


6 Holwerda, J. G., and R. W. Hutchinson. 
Potash-Bearing Evaporites in the Danakil Area, 
Ethiopia. Econ. Geol, v. 63, No. 2, March- 
April 1968, pp. 124-1650. 

1 European Chemical News (London). E. I. B. 
Loans To Aid French Potash Mines. V. 14, No. 
359/60, Dec. 20-27, 1968, p. 52. 

8Bureau of Mines. Mineral Trade Notes. V. 
65, No. 8, August 1968, p. 24. 

? Jones, C. L., and Asrarullah. Potential for 
Potash and Other Evaporite Mineral Resources 
in West Pakistan. U.S. Geol. Survey, open file, 
1968, 17 pp. 

10 Tippin, R. B., and James S. Browning. 
Heavy Liquid Cyclone Concentration of Minerals 
(in Two Parts). 2. A Study of Liquid Cyclone 
Concentration of Various Mineral Systems. Bu- 
Mines Rept. of Inv. 7134, June 1968, 53 pp. 
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at 4-foot intervals along the outside of the 
tubes, and the tubes were joined by welds. 
The space between the rock and lining was 
filled with cement.” 

Occidental Petroleum Corp. announced 
that its subsidiary, Garrett Research and 
Development, acquired leases near Searles 
Lake, California, and developed a promis- 
ing new low-cost method for recovering 
potash and other products from the de- 
posits. The firm also reported that the 
Searles Lake deposits were much larger 
than previously envisioned.” 

A new crawler-mounted machine for con- 
tinuous mining of potash became available. 
Sharp-toothed buckets, mounted on a 
rotating wheel at the end of a short boom, 
rip out the rock, which then falls into the 
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buckets. The loaded buckets dump the rock 
on a small conveyor, which in turn feeds 
a long conveyor, for delivery to shuttle 
cars or other vehicles. The machine, 31 
feet long, 8 feet 11 inches high (operational 
height), and 7 feet 7 inches wide, has a 
maximum capacity of 530 cubic yards per 
hour. It excavates an opening 10 feet high 
by 28 feet wide in one full sweep of the 
rotating cutting wheel.” 


1 Phosphorus and Potassium. Second Shaft 
for Texas Gulf Sulphur’s Crane Creek Mine. 
No. 84, March-April 1968, pp. 43-44, 47. 

12 Engineering and Mining J ournal. Potash 
Salts Knot cu by Occidental. V. 169, No. 
12, December 1968, 13. 

is Mining World. P New Continuous Potash 
Miner Has Rotating Bucket Wheel Cutter. V. 4, 
No. 2, February 1968, p. 37. | 
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Pumice 


By Carl L. Bieniewski ! 


Pumice and pumiceous materials sold or 
used by domestic producers in 1968 totaled 
3.5 million tons valued at $5.6 million, an 


increase of 2 percent in quantity and 9 
percent in value over the 1967 output. 


DOMESTIC PRODUCTION 


Fifteen States and American Samoa had 
pumice production in 1968; Wyoming, 
which had production in 1967, had none in 
1968 and Montana, which had no produc- 
tion in 1967, had some in 1968. Domestic 
output came from 164 mines operated by 
136 companies, individuals, and State and 
Federal agencies; production in American 
Samoa came from one mine of the Sarnoan 
Government. Arizona with 29 active mines 
and 29 percent of the domestic output 
continued for the eighth year as the leading 
State in quantity produced. California had 


the most active mines, 44, and was second 
in production with 22 percent of domestic 
output. 

Eighty-six percent of the domestic 
pumice output was volcanic cinder and the 
balance pumice and other pumiceous mate- 
rial. Volcanic cinder production came from 
13 of the 15 States and American Samoa. 
All production from Colorado, Kansas, 
Montana, Oklahoma, Texas, and American 


Samoa was classed as volcanic cinder. 


1 Mining engineer, Bureau of Mines, Denver, 
Colo. 


Table 1.—Pumice sold or used by producers in the United States“ 


(Thousand short tons and thousand dollars) 


y Pumice and pumicite Volcanic cinder Total 
ear — T 

Quantity Value Quantity Value Quantity Value 
1964 PETROL 1,165 $4,094 1,611 $2,349 2,776 $6 , 443 
18 eh eae oda 483 2,442 2,888 4,108 9,371 6,550 
EE 549 2,629 2,669 4,186 8,218 6,765 
KI LEE 776 1,446 2,670 3,685 8,446 5,181 
1913 uD ciu C ee 481 1,860 8,049 4,210 8,530 5,570 


1 Values 1964-66 f.o.h. mine and/or grinding plant; values 1967-68 f.o.b. mine. 
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Figure 1.—Pumice sold or used by producers in the United States, by uses. 
Table 2.—Pumice ! sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 
1967 1968 1967 1968 
State State 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
Arizona 1,064 3904 1,088 3974 Nevada 105 3236 62 $144 
California 866 1,357 776 1,312 New Mexico......... 220 639 248 527 
Colorado 18 105 28 234 U. J S Sy cm mue 884 1,195 725 977 
Hawaii. 290 562 408 lt 8 W W 8 19 
Idaho W W 185 259 Other States 49 132 8 62 
. W W 11 10 
Montana.......... ..... ----- 98 827 Total 3........ 8,446 5,131 3,530 65,570 
American Samoa 2 2 21 51 


W Withheld to avoid disclosing individual company confidential data; included with Other States.“ 


1 Includes pumicite and volcanic cinder. 


2 Nebraska, Oklahoma, Texas, Washington, and Wyoming (1967), Tg States indicated by symbol W. 


3 Data may not add to totals shown because of independent roun 
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CONSUMPTION AND USES 


Fifty-seven percent of the domestic pum- 
ice output was used for road construction, 
24 percent as concrete admixtures and 
concrete aggregates, 11 percent for rail- 


road ballast, and 8 percent as abrasive 
material and for miscellaneous uses. These 
percentages were virtually the same for 
these uses as in 1967. 


PRICES 


The average value of crude pumice sold 
or used decreased from $1.13 per ton in 
1967 to $1.11 in 1968, whereas that for 
prepared pumice increased from $2.19 
per ton to $2.36. The weighted average 
value of the two categories increased from 
$1.49 per ton in 1967 to $1.58. The 
average 1968 price for pumice used in 
cleaning and scouring compounds was 
$4.23 per ton, a $0.23 increase over that 
of 1967; concrete admixtures and concrete 
aggregates $2.04, a $0.07 decrease; rail- 
road ballast $0.90, a $0.04 increase; and 
road construction $1.20, an $0.11 increase. 

Nominal price quotations for domestic 
and imported pumice were carried regu- 
larly in trade publications. In the yearend 


issue (December 30, 1968) of Oil, Paint 
and Drug Reporter, the following prices. 
were published per pound, bagged, in ton 
lots: Domestic, fine and coarse, $0.0430; 
domestic, medium, $0.0480; imported 
(Italian), silk-screened, fine, $0.07, and 
coarse, $0.04875; and per ton, bagged, 
imported (Italian), sundried, fine and 
coarse, $91. After its last issue in 1967, 
Metals Week discontinued publishing non- 
metallic prices including those for pumice. 
Engineering and Mining Journal carried 
throughout the year the following prices 
for pumice stone per pound, in barrels, 
f.o.b. New York or Chicago: Powdered, 
$0.035 to $0.06, and lump, $0.06 to $0.08. 


Table 3.—Pumice’ sold or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


Use 


Abrasive: Cleaning and scouring compounds. ........ 
Concrete admixture and concrete aggregates. ........ 
Railroad ballast..-.- 99h ou 


1 Includes pumicite and volcanic cinder. 
? Includes ice control and maintenance. 


1967 1968 

Quantity Value Quantity Value 
ORIS 14 $56 18 $55 
Scd 833 1,761 839 1,711 
SEN 412 355 897 356 
-... 2,049 2,286 2,007 2,417 
OMNE 138 724 215 1,032 
---- 9,446 5,131 8,530 5,570 


5 Includes abrasive uses (miscellaneous), acoustie plaster, asphalt, heat or cold insulating medium, land- 


scaping, roofing, and miscellaneous uses. 


ata may not add to totals shown because of independent rounding. 


FOREIGN TRADE 


Pumice was exported to 16 countries, 
five more than in 1967, and the quantity 
increased 82 percent. Canada received 73 
percent of the exported pumice and Japan 
was second with 18 percent. 

Pumice imports were substantially greater 
than those of 1967 except for that classed 
as manufactured, n.s.p.f., which showed a 
decrease in value from $22,000 to $17,000. 
Most of the imports were classed as for 
use in the manufacture of concrete masonry 


Table 4.—U.S. exports of pumice 


Year Short Value 
tons (thousands) 
1965-2. x bez ess 282 $56 
%/ͤ· Da eee 298 66 
19.0. 88 343 64 
19638388 8 624 54 


products; the quantity imported under this 
class increased 26 percent. Pumice classed 
as crude or unmanufactured was 65 per- 
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cent greater in quantity than that in 1967 
and pumice classed as wholly or partly 
manufactured increased 53 percent. Italy 
and Greece were the principal sources of 
the imports. 

Pumice stone to be used in the manu- 
facture of concrete products, such as build- 
ing blocks, bricks, tiles, and similar forms, 
continued to be imported duty free. The 
rates of duty for the other classes of pum- 
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ice were reduced during 1968 as follows: 
Crude or crushed valued not over $15 per 
ton, from 0.038 cent per pound to 0.034 
cent and that valued over $15 per ton, 
from 0.07 cent per pound to 0.06 cent; 
grains or ground, pulverized or refined, 
from 0.31 cent per pound to 0.28 cent; and 
millstones, abrasive wheels, and abrasive 
articles, n.s.p.f., from 12.5 percent ad 
valorem to 11 percent ad valorem. 


Table 5.—U.S. imports for consumption of pumice, by classes and countries 


Crude or 
unmanufactured 
Country 
Short Value 
tons (thou- 
sands) 
1967: 
Greece~.< dee ees A 
Honduras 52 81 
65 ⅛»Vꝛ SE „650 48 
Leeward and Windward Islands- ...... ...... 
Other countries ) 
Totalsc.acctzsaenioBuemeez 5,702 49 
1968: 
Al! cm Coke. uiua 
) æ q ñ/uũ -0hGôd r.... 8 
i EE 9, 436 69 
Other countries ꝶ:i 222 
el! m9 Rn oae 9,436 69 


NA Not available. 


Used in the 


Wholly or partly manufacture of Manufactured, 
manufactured concrete masonry n.s.p.f. 
products 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Baht eir iut 125,554 S271 inu wel 
2,088 576 111,736 281 NA $9 
33% I 900 S xil 
CARPERE 8 NA 18 
2,083 76 238,190 504 NA 22 
2 D EE 
Le udi. 184,080 3ͤĩõ˙5éõ]Jr 8 
3,189 116 114,969 248 NA 11 
procu t.. 8 NA 
3,191 121 299, 049 615 NA 17 


1 Canada, Hong Kong, Japan, Netherlands, and West Germany. 
2 Canada, Hong Kong, United Kingdom, and West Germany. 


PUMICE 959 


WORLD PRODUCTION 


Table 6.—World production of pumice and related volcanic materials by countries 


Country ! 


Argentine ek 
Austria: Pozzolan...................- 
Cape Verde Islands: Pozzolan.........- 
Chile: Pozzolan-. ....................- 
France: 
eeh 
Pozzolan and lapilli............... 
Germany, West (marketable ) 
Greece: 
Le eeh 
Pozzolán nnn nna 
Guatemala: Volcanic ash (for cement) -- 
Iceland. uic ee 8 
Italy: 


Rena e ve 
Martinque:? 
EIERE, tee med 


United Arab Republic e. 
United States (sold or used by producers): 
Pumice and pumi eite 
Volcanic cinder..................- 


(Short tons) 


1964 1965 1966 1967 1968 p 
4,383 1,158 r 14,775 P 2,995 NA 
20,223 22,516 23,238 24,950 19,925 
11,296 4,562 3,097 NA NA 
155,885 r 155,415 160,291 147,905 172,390 
1,010 780 888 690 e 700 
645,547 182,136 740,370 797,387 e 794, 000 


6,416,547 5,617,372 5,941,686 4, 559,113 4, 244, 000 


252, 500 302, 140 218,255 250, 888 311,951 
345, 745 377,879 508,574 496 ,972 523,592 


45, 243 35,170 30, 864 48,816 46 ,297 
11,000 e 11,000 e 11,000 e 11,000 e 11,000 
679,206 r 591,497 r 639,632 546,023 NA 
382,061 r 309,195 212,303 e 220,000 NA 
4,483,622 4,265,113 4,197,750 4,716,521 NA 
1,585 1,145 874 134 

e 17,000 11,023 19,378 16,534 16,501 
e 491,000 308,644 173,722 281,527 173,612 
22, 980 120, 807 20,204 18,081 e 19,000 
2,528 62,099 107,758 e 110,000 NA 
14,000 15100 4, 630 5,200 


1,165,379 484 ,087 548 , 433 116,388 481,345 
1,611,093 2,888,006 2,685,824 2,697,913 3,069, 584 


r 16,784,833 r 16,372,844 r 16,258,416 r 15,728,462 NA 


e Estimate. P Preliminary. r Revised. NA Not available. 

1 Pumice is also produced in Dominica, Guadeloupe, Japan, Mexico, and U.S.S.R. (sizable quantity), but 
data on production are not available. Japan's last available output figure was 110,000 tons in 1958. 

? Unspecified volcanic materials produced mainly for use in construction products. 

3 Data converted from cubic meters on basis of reported specific gravity of 1.0 for pumice and 2.0 for tuff. 


* Includes Canary Islands. 


5 Estimated on basis of 1 cubic meter =1,300 pounds. 


$ Includes American Samoa. 
7 Totals are of listed figures only. 
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Rare-Earth Minerals and Metals 


By John G. Parker ! 


The apparent domestic industrial con- 
sumption of rare-earth and yttrium com- 
pounds, expressed as rare-earth oxide 
(REO) equivalent, rose to over 6,800 tons, 
about 33 percent higher than in 1967. 
Helping greatly to raise the total was 
increased production and demand for rare- 
earth chlorides for petroleum cracking 
catalysts. Depressed sales of europium and 
yttrium oxides, due to less demand by color 
television phosphor producers, caused the 
total value of rare-earth sales to drop about 
about 20 percent. 


Legislation and Government Programs.— 
At the end of 1968 the General Services 


Administration (GSA) held a total of 
15,038 tons of equivalent REO in the forms 
of monazite, bastnaesite, chloride, and rare- 
earth sodium sulfate in the strategic and 
supplemental stockpiles. The 10,054 tons 
in the strategic stockpile consisted of 5,081 
tons of monazite, including sweepings and 
contaminated material; 3,243 tons of bast- 
naesite; 653 tons of chloride; and 1,077 
tons of rare-earth sodium sulfate. The 
4,984 tons REO in the supplemental stock- 
pile was all in the form of sodium sulfate. 
Of the rare-earth materials authorized for 
disposal in November 1967 by H.R. 5785, 
only rare-earth sodium sulfate was sold -or 
committed for sale. 


DOMESTIC PRODUCTION 


Concentrate.—In 1968 production at the 
mining and milling facility of Molybdenum 
Corporation of America (Molycorp.) at 
Mountain Pass, Calif., declined to 11,400 
tons of REO in bastnaesite concentrates 
compared with the 1967 total of 12,750 
tons.” 

Alluvial deposits at Folkston, Ga., owned 
by E. I. du Pont de Nemours & Co., Inc., 
again were worked by Humphreys Mining 
Co. for titanium and zirconium mineral 
concentrate with recovery of a substantial 
quantity of byproduct monazite. In March, 
Carpco Research and Engineering, Inc., 
finished reclaiming monazite and a small 
quantity of xenotime from beach sand 
processing residues owned by Titanium 
Alloy Manufacturing Division of National 
Lead Co. near Jacksonville, Fla. At the 
Climax, Colo., mine owned by Climax 
Molybdenum Co., low-grade monazite con- 
centrate was extracted in tungsten mineral 
beneficiation and sold for further up- 
grading. 


Compounds and Metals.—Production and 
sales of europium oxide from the solvent 


extraction facility at Mountain Pass de- 
creased considerably as makers of color 
television phosphors still were drawing from 
inventories they had built up in the pre- 
vious 2 years. The drop in europium oxide 
sales was offset by an increase in shipments 
of lanthanum chloride, made at the com- 
pany’s York, Pa., plant, which were needed 
for petroleum cracking catalysts, and in 
sales of other rare-earth materials. The 
solvent extraction plant at Louviers, Colo., 
produced yttrium oxide and other high- 
purity oxides such as those of gadolinium, 
lanthanum, and praseodymium. Also, Moly- 
corp agreed to procure rare-earth oxides 
such as terbium, erbium, and holmium 
from a Japanese rare-earth producer to be 
added to its product line? 

Other major rare-earth chemical proc- 
essors included American Potash & Chemi- 
cal Corp., a division of Terr-MeGee Corp., 
West Chicago, Ill.; and W. R. Grace, Davi- 
son Chemical Division, Chattanooga, Tenn., 


1 Physical scientist, Division of Mineral Studies. 


3 Molybdenum Corporation of America. 1968 
Annual Report. Mar. 14, 1969, 8 pp. 
3 Work cited in footnote 2. 
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and Pompton Plains, N.J. Smaller pro- 
ducers of rare-earth compounds were as 
follows: Atomergic Chemetals Co., Division 
of Gallard-Schlesinger Chemical Manufac- 
turing Corp., Carle Place, N.Y.; Research 
Chemicals, Division of Nuclear Corporation 
of America, Phoenix, Ariz.; Michigan 
Chemical Corp., St. Louis, Mich.; and 
Transelco, Inc., Penn Yan, N.Y., which 
specialized in making low-cost cerium oxide 
for polishing compounds. Besides the Moly- 
corp Louviers, Colo., plant, other major 
producers of yttrium oxide included Ameri- 
can Potash, Michigan Chemical, and W. R. 
Grace, with smaller firms including Gallard- 
Schlesinger and Nuclear Corp. of America. 
Silicon compounds, containing rare-earth 
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metals, were produced by Molycorp, Wash- 
ington, Pa., and by Union Carbide Corp., 
Alloy, W. Va., for use as metal additives. 

Again only two companies, Ronson 
Metals Corp., Newark, N.J., and American 
Metallurgical Products Co., Inc., New 
Castle, Pa., produced misch metal. Most of 
the misch metal was destined for use in 
lighter flints. Total sales of misch metal 
by both producers were about 5 percent 
greater than those in 1967. Producers of 
higher purity rare-earth metals included 
American Potash;  Gallard-Schlesinger; 
Lunex Co., Pleasant Valley, Iowa; Michi- 
gan Chemical; Nuclear Corp.; and Ronson. 
Nuclear Corp. and Lunex also produced 
high-purity yttrium metal. 


CONSUMPTION AND USES 


Consumption of bastnaesite concentrate 
by chemical processors increased about 3 
percent but that of monazite concentrate 
was only about 36 percent of 1967 
consumption. 

Based largely on shipments from chemi- 
cal processors to domestic consumers as 
well as on actual consumption data, the 
apparent domestic industrial consumption 
of rare-earth compounds increased over 
40 percent to about 6,800 tons of REO 
equivalent but that of ytrrium oxide was 
less than half of what it was in 1967. 
Because of the decline in sales of europium 
and yttrium oxides for use in color tele- 
vision phosphors, the value of rare-earth 
compounds shipped decreased to about $12 
million, of which europium and yttrium 
oxides formed nearly 30 percent. It was 
estimated that in 1968, quantities of REO 
used by consuming industries were as 
follows: 59 percent as rare-earth and lan- 
thanum chlorides, into gasoline cracking 
catalysts; 18 percent usually as chloride, 
into metal production, mostly for making 
misch metal which itself is used primarily 
in lighter flints; 17 percent as the oxide 
and hydrate into the glass industry, mostly 
for use as polishing compounds, with in- 
creasing quantities used as glass additives; 
5 percent as fluoride and oxide into the 
manufacture of arc carbons; and less than 
2 percent into other applications, including 
a small quantity for phosphor and elec- 
tronic uses. 

Shipments of misch metal were 5 percent 
greater than in 1967, and those of higher 


purity rare-earth metals were 10 percent 
greater. Although the value of over 11,000 
pounds of purportedly higher-purity metals, 
including yttrium, was nearly $350,000, 
over 90 percent by wéight from one pro- 
ducer was of lower value than the rest, 
indicating that this was a lower purity 
product. 

Although europium and yttrium oxides 
in color television phosphors have been 
well established, sales of the oxides were 
seriously affected by a more efficient use 
of the phosphors by television picture tube 
makers, by the drawdown of the large 
stocks of oxide held by the phosphor 
makers, and a lesser demand for color 
television tubes than had been expected. 
Partly offsetting the drop in sales of the 
television oxides was an increase in sales 
of lanthanum oxide for use in optical lenses 
and in fiber optics, of gadolinium oxide for 
use in phosphors and in microwave garnets; 
and of praseodymium oxide, mixed with 
zirconium dioxide, in a bright yellow 
ceramic tile stain. Likewise, slowing the 
downtrend in the value of sales was the 
rapidly growing use of rare-earth and lan- 
thanum chlorides in a licensed petroleum 
cracking catalyst made by at least five 
companies. 

Using rare-earth materials, advances were 
made in petroleum cracking catalysts. The 
author of a paper presented at a symposium 
held in Philadelphia March 31 to April 4, 
1968 said that zeolite (a hydrous alumino- 
silicate mineral) and molecular sieve (syn- 
thetic zeolite) catalysts, with rare-earth 
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elements replacing sodium in the crystal 
structure, afford higher gasoline yields, 
lower coke make, and improve activity.“ 
In 4 years, from 1964 to 1968, the percent- 
age of units using zeolites in cracking grew 
from practically zero to 87 percent. 

Besides the well-known use of low-grade 
oxides for polishing eyeglasses, mirrors, 
television tubes, and camera and instru- 
ment lenses, certain rare-earth oxides are 
added to glass as decolorants (cerium 
oxide) and colorants (neodymium, praseo- 
dymium, and erbium oxides). An important 
use of lanthanum oxide is in camera lens 
compositions where it increases the refrac- 
tive indices and decreases dispersion of the 
glass. Also, lanthanum oxide markedly 
improves the alkali resistance of glass used 
in food containers and glass-lined process- 
ing equipment. In refractories, the tetrag- 
onal structure of zirconium dioxide was 
stabilized by adding yttrium oxide, thereby 
preserving high density and minimizing 
thermal conductivity and expansion. 

In lasers, room-temperature neodymium- 
doped calcium fluorophosphate crystal was 
said to be an efficient generator of pure 
infrared laser light. Besides the currently 
established use of europium-activated yt- 
trium orthovanadate, europium-activated 
gadolinium oxide was said to provide a 
phosphor 20 to 70 percent brighter than 
any current rare-earth television phosphors. 

Additions of rare-earth oxides and fluo- 
rides to cores of carbon-arc electrodes 
create materials which emit intense white 
light and are used in military searchlights 
and in color motion picture photography 
and projection. 
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Some applications in nucleonics have 
been attempted in the past with control 
rods in nuclear reactors containing oxides 
of europium, gadolinium, dysprosium, or 
samarium, the addition of which to a base 
material makes a substance highly imper- 
vious to thermal neutrons. Recently, the 
High Flux Isotope Reactor (HFIR) at 
Oak Ridge National Laboratory has started 
to use europium dispersed in aluminum in 
a control rod. 

In addition to its long use as the base for 
lighter flints, misch metal, together with 
other lower grade alloys or rare-earth 
metals, was used in ductile iron foundries 
because it prevents carbide formation in 
the iron and promotes good nodularity. In 
a paper presented at the Philadelphia mate- 
rials conference, a typical cost of misch 
metal added to ductile iron was said to be 
only about 60 cents per ton of iron pro- 
duced. Adding misch metal to stainless 
steel promoted forgeability and hot work- 
ability. In magnesium alloys, additions of 
rare-earth metals improved tensile strength 
and creep resistance at elevated tempera- 
tures. Recent examples of these alloys are 
ZE63A, composed of magnesium with 2 
to 3 percent misch metal, 5.5 to 6 percent 
zinc, 0.4 percent minimum zirconium; and 
ZE63B, which adds 0.75 to 1.25 percent 
silver to the preceding formula. These 
alloys and QE22A, composed of 1.2 to 3 
percent didymium (mainly neodymium and 
praseodymium), 2 to 3 percent silver, 0.7 
percent zirconium, and the rest magnesium, 
are finding increased use in missile, rocket, 
satellite, and aircraft components. 


STOCKS 


The quantity of bastnaesite concentrate 
held at yearend by the principal domestic 
mining company and chemical processors 
was less than one-half that at the end of 


1967. The supply of monazite, held mostly 
by two chemical processors, was almost 3 


times that of yearend 1967. On the other 
hand, stocks of rare-earth sodium sulfate, 
held by one processor, were only about 
one-third as great as those at the end of 
1967. Excluding the Louviers, Colo., plant 
of Molycorp, stocks of refined yttrium oxide 
were only about 4 percent greater than 
those in 1967 but stocks of europium 


oxide, held mostly by the principal pro- 


ducer, were over 25 percent more than in 
1967. Misch metal stocks in the hands of 
the two main producers and some of the 
major users, were almost the same as in the 
previous year, but stocks of pure metals 
were only about 73 percent of those at the 
end of 1967. 


4 Koffler, R. L. Rare Earths in Petroleum 
Cracking Catalysts. Pres. at the Symposium on 
Rare Earth Applications, Materials Conference. 
American Institute of Chemical Engineers, New 
York, N.Y. Preprint 11 B, 25 pp. 

5 Hirschhorn I. S. Metallurgical Applications 
of the Rare Earth Metals. Pres. at the Sym- 
posium on Rare Earth Applications, Part II. 
Materials Conference. American Institute of 
nemi Engineers, New York, N.Y. Preprint 
11 A, pp. 
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PRICES 


Carload lot prices for monazite sand 
were quoted in Metals Week at $180 to 
$200 per long ton, nominal. On the London 
market, the average c.if. prices per long 
ton of Australian monazite with a minimum 
of 60 percent REO plus ThOz2 ranged 
from £80 to £90 ($192 to $216) at the 
beginning of the year to £70 to £75 ($168 
to $180) at the end, dropping to as low a 
range as £65 to £75 ($156 to $180) in 
September and October. Near midyear, 
prices on Malaysian xenotime concentrate 
with a minimum of 25 percent yttrium 
oxide, were quoted by Industrial Minerals 
(London) at $3 to $5 per pound yttrium 
oxide, c.i.f. Michigan Chemical Corp. 
quoted prices on processed yttrium con- 
centrates of 60 and 90 percent grade at 
$13.50 per pound yttrium oxide content 
to $34.90 per pound yttrium oxide, depend- 
ing upon lot size. According to Metals 
Week, domestic bastnaesite concentrates 
remained at, per pound f.o.b. Nipton, 
Calif.: 55 to 60 percent rare-earth oxides, 
30 cents, and 68 to 72 percent rare-earth 
oxides, 35 cents. Rare-earth oxide from the 
same source was quoted at 45 cents per 
pound for 88 to 92 percent pure material. 
Other quoted prices for optical grade ceric 
oxide in lot sizes of 50 pounds or more, 
delivered in bags, were $1.85 to $1.90 per 
pound, and for cerium hydrate in lots of 
100 pounds or more, depending upon 
purity, $1.40 to $1.74 per pound.“ 

In general prices of higher purity oxides 
remained as in 1967, but downward 
changes were noted on a price list for 
oxides of 99.9 percent purity in 2- to 99- 
pound lot sizes issued by Michigan Chemi- 
cal Corp. and were as follows: Samarium 
oxide, $42.50 per pound instead of $45; 
europium oxide, $575 per pound (not 
quoted previously); gadolinium oxide, $90 
per pound instead of $120; dysprosium 


oxide, $85 per pound instead of $90; 
ytterbium oxide, $135 per pound instead of 
$145; lutetium oxide, $3,000 per pound 
(not quoted previously) ; and yttrium oxide, 
$42 per pound instead of $53. 

Quoted prices for cerium-free misch 
metal and didymium metal of 97 percent 
purity, from Ronson Metal Corp., remained 
at $5 per pound and $15 per pound, 
respectively. 

Yttrium misch metal ingots of 60 percent 
and 90 percent yttrium content, available 
from Michigan Chemical Corp. in 2- to 
25-pound lot sizes, were quoted at $95 
per pound and $1 15 per pound, respec- 
tively. Cerium alloy, 52 to 58 percent 
grade, was quoted in Metal Bulletin 
(London) at 26 to 32 shillings ($3.12 to 
$3.84) per pound, net, delivered, until 
October when an alloy of 50 to 54 percent 
grade was quoted at 25 shillings ($3) 
nominal. 

Prices of high-purity metal ingots from 
Michigan Chemical Corp. remained the 
same as in 1967, some of the metals being 
shown below: 


Metal ingot, 99 + percent Dollars oo pound 


pure, 2- to 25-pound lots (1968) 
Cerium and lanthanum....... 7 
Europium................... 8,600 
Gadolinium................. 24 
Neodymium ——— 115 
Samarium..... .... .. ....... 160 
Nau 8 150 


Cerium metal of 99 percent, quoted in 
Metal Bulletin at £21 ($50.40) per pound, 
net, delivered in the United Kingdom was 
lowered to £7 ($16.80) per pound, nomi- 
nal, in October. However, lanthanum metal 
of 98 to 99 percent purity, remained at 
17 shillings, 6 pence ($2.10) per gram 
throughout the year. 


FOREIGN TRADE 


Ferrocerium and other pyrophoric alloys, 
totaling 89,858 pounds worth $302,882, 
were exported to the United Kingdom, 
Canada, Japan, and 25 other countries. 
The. average unit value of these exports 
was $1.22 per pound more than in 1967. 

Monazite sand concentrate imports total- 
ing 4,367 short tons, over twice that re- 


ceived in 1967, valued at $562,725 came 
from Australia (64 percent of weight) and 
Malaysia (35 percent) and Nigeria and 
West Germany, with the latter probably 


not the country of origin. The average 


€ Oil Paint and Eder, Reporter. Current Prices 
of Chemicals and Related Materials. V. 198, 
Iw. 1-26, Jan. 1-June 24, 1968; V. 194, Nos. 
July 1-Dec. 80, 1968. 
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unit value of these imports was only slightly 
less than that in 1967. One company 
reported receiving a small quantity of 
brannerite from Canada. 

Cerium oxide from France, Finland, the 
United Kingdom, West Germany, and 
Switzerland totaled 10,550 pounds worth 
$16,855. The small quantities from Switzer- 
land and West Germany had high unit 
values, indicating that they were special 
high-purity oxides. Cerium compounds, 
n.s.p.f., from Canada, France, and West 
Germany, totaled 11,123 pounds valued at 
$10,419. 

Imports of rare-earth metals are shown 
in table 1. 

The high unit values of the metals from 
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the United Kingdom, U.S.S.R., and Japan 
indicated that they were of high purity. 
Over 99 percent by weight of the material, 
however, came from West Germany, and 
was of such low unit value that it was 
suspected to be of low-value alloys. Imports 
of low-value alloys, including misch etal, 
from Austria totaled 992 pounds worth 
$1,247. Other alloys of rare-earth metals, 
totaling 25 pounds valued at $375, were 
imported from West Germany. Ferrocerium 
and other pyrophoric alloys, from Japan, 
West Germany, Netherlands, Austria, 
United Kingdom, and France, totaled 
23,003 pounds worth $77,186. The unit 
value of these materials was $1.48 per 
pound less than in 1967. 


Table 1.—U.S. imports for consumption of rare-earth metals 
(including scandium and yttrium) 


1964 1965 
Country — — —Ə əsr >Ü+ —n 
Pounds Value Pounds Value 

C ] A ere, ᷣ ᷣ K Betas 
France o2 ⁵j5rétm i ß yy ⁊ðx ⁊ᷣͤ K Adie 
Germany, West 859 $9,206 15,177 $31,153 
////JGĩ²˙. .... ð 8 
%;... mede iesu. Seeus 
SS ites. vbw. woe 1,515 
United Kingdom. 1 1,149 1 3,771 
Total. 860 10,355 15,182 86,489 


1966 1967 


———— Em m eer w — 


Pounds Value Pounds Value 


1968 
Pounds Value 


24,857 42,856 11,028 $13,396 3,355 $18,516 
steers Bete, eae eee. S 5 1,070 
* 84 11,012 7 5,952 

50 10,187 9 5,744 7 5,181 
27,861 75,008 11,066 30,152 3,874 25,669 


Table 2.—World production of monazite concentrates, by countries? 


(Short 


Country ! 


Ceylon 


Indonesia J..; ⁵ðVLy ĩðͤ Ku E Radius 
Korea, sun i ee 
Malagasy Republic 
Malaysia (exports) 
Nigeria 5 


tons) 
1964 1965 1966 1967 1968 » 
2,219 2,082 2,222 9,254 3,691 
733 658 822 1,189 1,864 
25 40 40 22 46 
E 22 NA NAK 
2,307 2,800 2,900 2,900 2,900 
154 28 NA NA NA 
3 28 13 1411 
1,063 1,196 937 28 (4) 
340 777 970 1, 060 2,857 
11 9 8 126 7 
6, 852 8,140 7,912 8,598 10,765 


e Estimate. P Preliminary. NA Not available. 


1 United States production data withheld to avoid disclosing individual company confidential data. 


2 Compiled mostly from data available May 1969. 


high. 
4 Less than 14 un 
5 Year ended 1 31 of year following that stated. 


6 Totals are of listed figures only. 


3 Reported as concentrates containing 46-55 percent of R:Os; also reported as 80 percent Ce, which may be 
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WORLD 


Australia.— Based on monazite concen- 
trate production data during the first 6 
months, it appeared that the year’s produc- 
tion of concentrate would be about 2,400 
short tons containing 95 percent monazite.’ 
In the first half of the year, 84 percent of 
the monazite was produced in Western 
Australia and the rest in Queensland. 

Field Metals and Chemical Industries 
Pty. Ltd., formed from the merger of Field 
Group Research Pty. Ltd., Sydney, New 
South Wales, and Australian Ceramic In- 
dustries Pty. Ltd., Adelaide, South Aus- 
tralia, purchased the Port Pirie uranium 
treatment plant from the South Australian 
Government. The plant, which was closed 
down in 1962, will shortly be processing 
monazite and recovering rare-earth prod- 
ucts, including the higher purity oxides 
now in demand. After studying the pros- 
pects for recovering rare-earth concentrates 
from tailings from its Queensland mine 
which had closed in 1963, Mary Kathleen 
Uranium Ltd., owned mostly by Conzinc 
Riotinto of Australia, decided that the 
short-term market for these materials is 
limited and deferred its plans for 2 years.“ 


Canada. Preliminary Dominion Bureau 
of Statistics data showed that 1968 produc- 
tion of yttrium oxide in concentrate from 
uranium milling dropped to 111,326 pounds 
valued at $865,000 compared with revised 
1967 figures of 172,551 pounds valued at 
$1,475,000. The three producers, Denison 
Mines Ltd., Rio Tinto Nuclear Products 
Ltd., and Stanrock Uranium Mines Ltd., 
sold these concentrates respectively to 
Molybdenum Corporation of America 
(Molycorp) and Michigan Chemical Corp., 
to Thorium Ltd. and Molycorp, and to 
Michigan Chemical. 


Congo (Kinshasa). 
the Karonge bastnaesite mine in Rwanda 
again offered concentrates to rare-earth 
processors.“ 


Finland. 
was exploring a rare-earth-bearing car- 
bonatite in northern Lapland.” Outokumpu 
Oy. daily milled 300 tons of ore from its 
Korsnas deposit which contains over 1 
percent rare-earth oxides and 98 grams 
per ton of europium oxide.” This would 
amount to 3 tons of rare-earth oxides and 
65 pounds of europium in the milled ore 
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but flotation of the ore results in a rare- 
earth concentrate product containing 3.58 
percent REO and 292 grams europium 
oxide per ton. 


India.—The Alwaye plant, Kerala State, 
owned by Indian Rare Earths Ltd. (IRE), 
Bombay, was said to be able to treat 4,000 
tons of monazite annually and also recover 
4,600 tons of rare-earth chloride.“ Supplies 
of monazite came from the Manavalakurichi 
separation plant in Madras State. In the 
year ending March 31, 1968, according to 
the firm’s annual report released to the 
public on December 18, 1968, the mineral 
division produced 2,987 short tons of 
monazite concentrate and the rare-earth 
division produced 4,464 short tons of rare- 
earth chloride. By early 1970, IRE ex- 
pected to have another beach sand process- 
ing plant in operation at Chavara, near 
Quilon, in Kerala State. 


Kenya.—Pechiney St. Gobain signed an 
agreement with the Kenya Government 
to prospect and mine for rare-earth min- 
erals in the Mrima Hills, 40 miles southwest 
of Mombasa.“ Reserves of rare-earth ele- 
ments in the area were estimated at 7 
million tons of plus 5 percent REO and 
35 million tons of 1.1 percent grade. 


Malaysia.—Concentrates of xenotime, an 
yttrium phosphate mineral obtained in 
processing alluvial tin deposits, have sold 
recently at $3 to $5 per pound of yttrium 
oxide content" A leading exporter of 
yttrium materials, Sharikat Harper Gilfillan 
Berhad, Kuala Lumpur, studied the possi- 
bility of chemically upgrading materials to 


7 The Australian Minerals Industry. Part 2— 
Quarterly Statistics. V. 21, No. 2, December 
1968, p. 12. 

8 Industrial Minerals (London). REO Plant 
ee e at Port Pirie. No. 11, August 1968, 
D. 

® Industrial Minerals (London). No. 14, 
November 1968, pp. 18-19. 

19 Industrial Minerals (London). Congo. No. 
14, November 1968, p. 20. 

11 Aho, A. E. Notes on Some Mines and 
Mineral Exploration in Finland. Canadian Min. 
J., v. 90, No. 1, January 1969, pp. 18-20. 

12 World Mining. Outokumpu Base Metal Con- 
3 V. 4, No. 12, November 1968, pp. 

9. 

13 Industrial Minerals (London). India Range 
of Rare Earth Products Extended. No. 16, 
January 1969, p. 35. 

14 World Mining. Pechiney—St. SR Looks 
at 5 Earth Deposit. V. 4, No. 12, 
November 1968, 17. 

15 Metal Bulletin rae et Yttrium Plant for 
Malaysia. No. 5337, Oct. 4, 1968, p. 25. 
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60 percent yttrium oxide, with technical 
support for the project provided by British 
Rare Earths Ltd. (BREL). 


Somali Republic.—Acting on the request 
of the Somali Government, the United 
Nations explored a uranium, thorium, rare- 
earth deposit at Alio Ghelle, about 150 
miles northwest of Mogadiscio.” 
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United Kingdom.— Thorium Ltd., which 
had won the 1967 Queen's Award for tech- 
nological innovation, again was honored, 
this time with the 1968 Oueen's Award for 
export achievement." A new solvent extrac- 
tion unit was added to the firm's new 
Widnes, Lancashire, facility. 


TECHNOLOGY 


Monazite, now secondary to bastnaesite 
as a source of rare-earth elements, was still 
of interest as a byproduct recovered from 
beach and stream placers which were 
utilized mostly for their zircon and titanium 
mineral content. As noted in the technology 
section of the Zirconium and Hafnium 
chapter, waste products from processed 
Florida phosphate rock may be potentially 
valuable for recovery of heavy mineral con- 
centrates.*° The Bureau of Mines, acting 
with industry, studied means for the possi- 
ble recovery of marketable heavy mineral 
concentrates from phosphate operations 
and, in addition, tested the potential of 
certain sand and gravel operations for 
heavy mineral separation. 

Other Bureau of Mines metallurgical 
research was conducted on enrichment and 
separation of rare-earth elements, produc- 
ing high-purity rare-earth metals and alloys 
by direct electrolysis and developing 
methods for electrowinning cerium and lan- 
thanum continuously, redistributing com- 
ponents in an alloy by a technique called 
field freezing, and cooperating with indus- 
try in testing the effect of rare-earth metals 
added to steel as a deoxidizer and de- 
sulfurizer.“ 

In a review article, the fluoride, chloride, 
and direct reduction processes for making 
rare-earth metals were discussed.” The 
author concluded at this time that indus- 
trial-scale producers would find it economi- 
cally infeasible to try to achieve an ultimate 
purity product for every research require- 
ment. 

The Seventh Rare Earth Research Con- 
ference was held at Coronado, Calif., on 
October 28-30. The technical sessions dealt 
with subjects such as geochemistry; separa- 
tion; inorganic, structural, and crystal 
chemistry; metal preparation; luminescence 
and fluorescence properties; solid state 
physics; magnetic behavior of metals; and 
industrial processes and applications. 


Most of the research on high-purity rare- 
earth oxides concerned their luminescence 
properties. Phosphor systems used in color 
television and lighting, in which europium 
was the activator, were a prime subject 
for investigation. In one paper, the advan- 
tages of rare-earth-activated phosphors for 
such applications was discussed and specific 
examples presented." The author explained 
why yttrium orthovanadate activated by 
europium oxide has potential in low- and 
high-pressure mercury discharge lamps and 
how, in television phosphors, trivalent 
samarium or europium can provide the 


1$ Industrial Minerals (London). Somali Re- 
public. No. 14, November 1968, p. 20. 

17 Chemical Age (London). Thorium Gets 
Queen’s Award Again and Commission New 
Rare Earth Plant. V. 98, No. 2570, Oct. 19, 
1968, p. 11. 

18 Stow, Stephen H. The Heavy Minerals of 
the Bone Valley Formation and Their Potential 
Value. (Scientific Communications). Econ. Geol., 
v. 63, No. 8, December 1968, pp. 973-975. 

1? Bauer, D. J., and R. E. Lindstrom. Recovery 
of Cerium and Lanthanum by Ozonation of 
Lanthanide Solutions. BuMines Rept. of Inv. 
7123, 1968, 9 pp. 

Bauer, D. J., R. E. Lindstrom, and K. B. 
Higbie. Extraction Behavior of Cerium-Group 
Lanthanides in a Primary Amine-Chelating 
Agent System. BuMines Rept. of Inv. 7100, 
1968, 12 pp. 

Leary, R. J., R. T. Coulehan, H. A. Tucker, 
and W. G. Wilson. Effects of Adding Rare-Earth 
Silicides, Aluminum, and Cryolite to Molten 
Steel. BuMines Rept. of Inv. 7091, 1968, 42 pp. 

Morrice, E., E. S. Shedd, and T. A. Henrie. 
Direct Electrolysis of Rare- Earth Oxide to 
Metals and Alloys in Fluoride Melts. BuMines 
Rept. of Inv. 7146, 1968, 12 pp. 

Murphy, J. E., E. Morrice, and T. A. Henrie. 
Field Freezing of a Cerium-Iron Alloy. BuMines 
Rept. of Inv. 7186, 1968, 14 pp. 

Tucker, H. A., R. T. Coulehan, and W. G. 
Wilson. Rare-Earth Silicide Additions to an 
Alloy Steel To Increase Toughness and Ductility. 
BuMines Rept. of Inv. 7158, 1968, 30 pp. 
.Winget, J. O., and E. Lindstrom. Amino 
Acids as Retaining Agents for Separation of 
Rare-Earth Elements on Ion-Exchange Resin. 
BuMines Rept. of Inv. 7175, 1968, 8 pp. 

20 Moriarty, John L., Jr. The Industria] Prepa- 

ration of the Rare Earth Metals by Metal- 
lothermic Reduction. J. Metals, v. 20, No. 11, 
November 1968, pp. 41-45. 
„ 4 Palilla, F. C. The Trivalent Rare Earths 
in Inorganic Phosphor Systems. Electrochem. 
ege Ce 6, Nos. 1-2, January-February 1968, 
pp. ° 
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basis for a red primary, trivalent thulium 
for blue, and trivalent terbium, holmium, 
or erbium for green. Depending upon the 
host material, divalent europium promoted 
blue and green fluorescence in some alumi- 
nate phosphors and a bright yellow body 
color in silicate phosphors.” Also discussed 
were the spectral properties of europium-, 
gadolinium-, terbium-, and other rare-earth- 
activated phosphors, europium-activated 
oxygen-sulfur compounds, and samarium-, 
europium-, or dysporsium-activated vana- 
dates.” 

In metallurgy, a promising field for rare- 
earth metals is in magnet material where 
samarium alloyed with cobalt has the 
highest intrinsic coercive forces, or resist- 
ance to demagnetization, of any known 
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comparable material. Samarium-cobalt mag- 
nets are more powerful than the widely used 
aluminum-nickel-cobalt (Alnico) systems 
and the expensive platium-cobalt magnets. 


22 Blasse, G., and A. Bril. Fluorescence of 
Eu 2+--Activated Alkaline-Earth Aluminates. 
Philips Res. Rept. (Eindhoven, Netherlands), 
v. 28, No. 2, April 1968, pp. 201-206. 

Blasse, G., W. L. Wanmaker, J. W. ter Vrugt, 
and A. Bril. Fluorescence of Eu 2+-Activated 
Silicates. Philips Res. Rept. (Eindhoven, Nether- 
lands), v. 23, No. 2, April 1968, pp, 189—200. 

33 Haynes, James W., and Jesse J. Brown, Jr. 
S reparation and Luminescence of Selected Eu 
3＋-Activated Rare Earth Oxygen-Sulfur Com- 
pounds. J. Electrochem. Soc., v. 115, No. 10, 
October 1968, pp. 1060-1066. 

Ropp, R. C. Phosphors Based on Rare Earth 
Phosphates. I. Spectral Properties of Some 
Rare Earth Phosphates. J. Electrochem. Soc., 
v. 115, No. 8, August 1968, pp. 841-845. 

Ropp, R. C. Spectra of Some Rare Earth 
Vanadates. J. Electrochem. Soc., v. 115, No. 9, 
September 1968, pp. 940-945. 
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Salt 


By Benjamin Petkof ! 


The domestic output of salt continued to 
increase to meet industrial requirements. 
Total production in 1968 increased 6 per- 
cent in quantity and 8 percent in value. 
Almost two-thirds of the available domestic 


supply was consumed in the manufacture 
of chlorine, soda ash, and other chemicals. 
Slight increases for imports and exports 
were noted over those of 1966. 


DOMESTIC PRODUCTION 


Seventeen States recorded salt produc- 
tion during 1968, with Louisiana, Texas, 
Ohio, New York, and Michigan supplying 
85 percent of the total output. 

Salt was produced by 56 producers with 
100 plants in the United States and Puerto 
Rico. Eleven companies, with production 
in excess of 1 million tons each and 
operating 42 plants, supplied 86 percent 
of total production; 16 companies, whose 
production was less than 1 million but 
greater than 100,000 tons per year oper- 
ated 26 plants and supplied 12 percent of 


total production; and 29 companies whose 
individual production was under 100,000 
tons per year operated 32 plants to supply 
the remaining material. 

Twelve plants, with an annual produc- 
tion of over 1 million tons each supplied 
56 percent of total domestic production; 
and 14 plants producing 500,000 tons to 1 
million tons each, annually, supplied 23 
percent. The remainder was supplied by 
73 plants. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient salt statistics 


(Thousand short tons and thousand dollars) 


1964 

United States: 
Sold or used by producers.......... 81,628 
N %//«§;—' ee cece $200 , 706 
Por NER ase erie A aaa 594 
|| IMMER AAA ee ee $8 ,878 
ors for consumption .......... 2,261 
332 us na asa TUN CU $5,677 
Consumption, apparent 83,290 
World: Production 108, 720 


1965 1966 1967 1968 
84,687 86,4 88,946 41,274 
$215,699 $229 , 985 $251,210 $272,275 
688 662 678 128 
$4,285 $4,472 $4,583 $4,650 

2,410 ,479 ; 8,4 
36, 505 $6 , 464 $8,541 $11,487 

86,409 88,280 41,111 4, 

119,730 122, 274 181,564 124,442 
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Table 2.—Salt sold or used by producers in the United States, by methods of recovery 


(Thousand short tons and thousand dollars) 


Evaporated: 
Bulk: 


ES 
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Table 3.—Salt sold or used by producers 
in the United States 


(Thousand short tons and thousand dollars) 


1967 1968 
State 
Quantity Value Quantity Value 

California.... 1,782 W 1,901 W 
Kansas !..... 1,069 $14,686 1,128 $15,520 
Louisiana. 9,585 48,488 10,908 58,854 
Mich ---- 4,789 42,88 4,898 44,481 
New Mexico. 82 1,086 W 
New York... 5,820 41,568 5,218 42,488 
Ohio. ....... 5,407 39,549 5,718 43,172 
Oklahoma 10 76 44 
Texas....... 8,844 36,485 8,584 42,668 
Utah........ 4 , 525 405 756 
West Virginia. 1, 127 5,187 1,808 4,971 
OtherStates?. 1,078 18,826 1,259 21,826 

Total.. 88,946 251,210 41,274 272,275 
Puerto Rico. 12 195 32 395 


W Withheld to avoid disclosing individual com- 
pany confidential data; included with “Other States.” 
‘ig 5 and value of brine included with 

er 

2 (rino O Alabama, Colorado, Hawaii, Kansas 

(brine only), Nevada, North Dakota, Virginia, and 
States indicated by symbol W. 


1967 1968 
Quantity Value Quantity Value 

ee 856 $10,608 822 $8,518 
NE 2,860 65,515 2,948 69,258 
Soe 1,729 11,356 1,900 12,805 
WE 844 8,36 857 ,246 
I 5,289 95,846 5,522 99,822 
--- 11,598 70,100 12,376 77,546 
pam 6 1,853 85 2,821 
-.. 11,661 71,958 12,461 79, 867 

21,996 88,411 23,291 92 , 586 
--. 88,946 251,210 41,274 272, 275 


Table 4.—Evaporated salt sold or used 
by producers in the United States 


(Thousand short tons and thousand dollars) 


1967 1968 
State 
Quantity Value Quantity Value 

Kansas 521 $12,085 556 $12,875 
Louisiana 301 7,619 298 7,183 
Michigan.... 1,042 24,439 1,068 25, 497 
New York... 729 16,612 17, 183 
180 Su 688 14, 908 768 W 
Oklahoma 7 67 5 37 
Other States i. 2,001 20,216 2,837 37,047 
Total.. 5,289 95,846 5,522 99,822 
Puerto Rieo 12 195 395 


W Withheld to avoid disclosing individual com- 
pany confidential data; included with Other States.“ 
1 Includes California, Hawaii, Nevada, New Mexico 


ii ) aE North Dakota, Texas, Utah, and States indi- 


y symbol W. 


Table 5.—Rock salt sold by producers 
in the United States 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
EE 8,554 $52,290 
19652. 2; tees 9,810 57,710 
JJ EAE ORR 10,080 61,118 
1961. c. eee een bests 11,661 71,958 
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Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 


(Thousand short tons and thousand dollars) 


" From evaporated salt From rock salt Total 
ear — JTA 
Quantity Value Quantity Value Quantity Value 

LIT DEEN 887 $8,659 65 $1,725 452 $10,384 
% ³ðâAK ( ee us 375 „701 68 1,767 443 10, 468 
1 99ff ⅛ 0wÜçꝓĩ 328 8,529 60 1,682 388 10,211 
f EG 944 8,367 63 1,853 407 10,220 
9d... 8 357 9,246 85 2,921 442 11,567 


CONSUMPTION AND USES 


The chemical manufacturing industry 
continued to consume more than two-thirds 
of the domestic salt output. Forty-two per- 
cent of the domestically produced mate- 
rial was used to manufacture chlorine and 
its byproduct caustic soda; 17 percent was 
used for the manufacture of synthetic soda 
ash; and 6 percent for other chemicals. 
Ice and snow removal and roadbed stabili- 


zation required 14 percent of total output. 
Salt assumed to be used as table salt 
represented 3 percent of the total. The use 
of salt for the regeneration of water soften- 
ing systems increased 19 percent over the 
quantity consumed in 1968. Fifty-six per- 
cent of the total consumption was sold or 
used in the form of brine. 


Table 7.—Salt sold or used by producers in the United States, 
by classes and consumers or uses 


(Thousand short tons) 


Consumer or use 


Evapo- Rock Brine Total Evapo- Rock Brine Total 
rated rated 
Chlorine e T uuu SEE 451 1,561 14,228 16,235 328 1,593 14,810 16,731 
Soda az W 6,828 6,825 W W 6,972 6,974 
Soap (including detergents)........ 23 8 31 29 5 36 
All other chemicals 314 1,459 38 1,811 W 1,775 W 2,891 
Textile and dyeing...............- 189 W 98 W 244 
Meatpackers, tanners, and casing 
manufacturer˖s s 297 1 728 W 389 W 694 
IShipg eeler 14 ͤ· 5 ------ 19 15- 55 C 20 
QTY Mc" C MEUM 50 47 D. luis 52 
eee me re hee cce 183 W 233 189 W W 246 
Fl ee mis WW 113 W AW. hiec 117 
Flour processors (including cereal) 59 9. ux L 68 62 9 aa- 71 
Other food processing 152 W 188 158 W W 201 
Ice manufacturers and cold storage 
companies W W 20 W W 15 
Feed dealers 718 898 ...... 1,116 764 466 ...... 1,230 
Feed mixers....................- 323 W 464 297 491 
Metala:: ol. ethos rec coL aL W 121 W 249 69 199 .. 268 
Ceramics (including glass) ` ` ` ` D. IO ¿2 15 5 ll. 2-2 16 
UDDer.. 2-4 tolo Lone ees W 13 112 W W 54 125 
))ͤůĩ] ]. 86 63 126 288 54 51 87 192 
Paper and pulp................-- 16 124 153 W 144 W 321 
Water softener manufacturers and 
service eompan ies 385 W W 688 419 w 813 
Grocery stores 678 888 ...... 1,016 669 897 ...... 1,066 
Railrogds -------------- 6 QT iss. 33 7 25 xc 82 
Bus and transit companies W | W ...-.. 69 2 19 Sees 15 
States, counties, and other political 
subdivisions (except Federal) W 65,157 W 5,297 230 5,518 3 6,751 
U.S. Government 31 W 66 31 36 W 68 
Miscellaneous 1,081 1, 183 661 2,925 1,094 1,062 938 3,094 
Undistributed 2 52 639 99 2 ex 1,058 651 424 - um 
%% min reme 5,289 11,661 21,996 38,946 5,522 12,461 28,291 41,274 


1967 


1968 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Includes some SOEN and consumption in overseas areas administered by the United States, and items 


indicated by symbol 
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Table 8.—Distribution (shipments) of 
evaporated rock salt in the 
United States, by destination 

(Thousand short tons) 


1967 1968 
Destination ——— —— ⅛ðaꝛoyͥ — 
Evapo- Rock  Evapo- Rock 
rated rated 
Alabama....... 40 427 44 850 
Alaska W W 8 W 
Arizona w w W 5 
EE Lë 83 18 96 
California...... 759 W 852 W 
Colorado 96 35 107 
Connecticut... 19 W 22 W 
ela ware 8 W 8 W 
District of 
Columbia 3 W 4 W 
Florida 31 107 81 99 
Georgia 56 W 57 222 
Hawai „„ W ees 
Idaho 48 W 44 
Illinois. ....... 281 461 295 635 
Indiana 144 380 148 876 
Iowa........-- 174 248 176 225 
ans as 86 204 90 201 
Kentucky 45 848 48 465 
Louisiana 34 391 35 485 
EE 18 13 
Maryland 46 116 76 41 
Massachusetts 57 613 60 399 
Michigan 180 168 
Minnesota 155 341 146 269 
, Amen ae 17 72 25 7 
MOON 81 853 81 898 
Montana 37 1 46 
ebrask a 90 92 92 171 
Nevada 22 W 27 
New Hampshire. 9 W 10 W 
New Jersey _ ` 157 465 167 492 
New Mexico 14 71 10 82 
New York..... 854 W 882 1,742 
North Carolina. 105 161 112 190 
North Dakota 42 4 
Ohio. ........- 803 961 800 1,124 
Oklahoma 84 56 4 
Oregon l 83 W 29 W 
Pennsylvania... 208 823 208 986 
Rhode Island 12 W 12 71 
South Carolina 32 20 88 28 
South Dakota 36 21 42 19 
Tennessee 129 290 122 366 
Texas 118 422 111 518 
F 154 W 121 W 
Vermont 7 WwW 6 
in ia 88 124 95 110 
Washington W W W 
West Virginia 21 108 28 119 
Wisconsin 154 425 154 327 
Wyoming 20 W 22 W 
Other !........ 736 3,448 814 1,677 
Total. 5,289 11,661 65,522 12,461 


W Withheld to avoid disclosing individual com- 
pany confidential data; included with “Other.” 

1 Includes shipments to overseas areas administered 
by the United States, Puerto Rico, exports, some 
1 to unspecified destinations, and States 
indicated by symbol W. 


PRICES 


During most of the year The Oil, Paint 
and Drug Reporter quoted the price of 
salt per 100 pounds as follows: Common 
evaporated salt in 100-pound bags in car 
or truck lots at the works, $1.14; chemical 
grade on the same basis, $1.25; rock salt, 
medium or coarse on the same basis, $0.77; 


rock salt, extra coarse on the same basis, 
$0.82. 

Based on reported production data, the 
average, per ton values of rock and evap- 
orated salt were $18.08 and $6.27, re- 
spectively. | 
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FOREIGN TRADE 


Exports and imports of salt remained 
low compared with domestic production. 
Exports, the bulk of which went to Canada 
and Japan, increased about 7 percent in 
quantity over that of 1967. Imports in- 
creased about 22 percent. Major import 
sources were Canada, Mexico, the Bahamas, 
and Tunisia. These countries supplied 92 
percent of total imports. 


Table 9.—Salt shipped to the Common- 
wealth of Puerto Rico and overseas areas 
administered by the United States 


(Thousand short tons and thousand dollars) 


1967 1968 
Area — — —TQT 
Quantity Value Quantity Value 
American Samoa.. (0) $16 ( $9 
Guam........... (1) 19 ( 18 
Puerto Ríco...... 11 840 18 1,780 
Virgin Islands (.) 17 () 20 


1 Less than Le unit. 


Table 10.—U.S. exports of salt by countries 
(Thousand short tons and thousand dollars) 


1967 1968 
Destination n —————— 
Quantity Value Quantity Value 
Australia 1 356 1 348 
da. 205 1,788 262 1,942 
Costa Riea 1) 19 4 54 
Japan 460 2,098 441 1,954 
Meaicoo 2 52 2 41 
Saudi a Arabia 1 60 1 112 
South Africa, 
Republic of 1 18 2 15 
Other 8 542 15 484 
Total 678 4,588 728 4, 650 


Table 11.—U.S. imports for consumption 
of salt, by countries 


(Thousand short tons and thousand dollars) 


1967 1968 
Country ` E kwaꝛ — 
Quantity Value Quantity Value 
Bahamas...... 270 $1,005 665 $2,490 
Canada........ 1,4836 4,860 1,455 65,515 
Chile.......... 7 218 169 558 
Mexico 830 1,724 834 1,660 
SSS! A ers 56 325 
uniein 169 542 215 655 
United Arab 
Republie 48 o ˙ AA 
Uni 
Kingdom (2 1 21 158 
Venezuela S 12 82 28 62 
Other... cue Serana. Xuan 18 74 
Total... 2,848 8,541 3,456 11,487 


1Includes salt brine from Canada through the 
Detroit customs district for 1967, 448,457 short tons 
valued at $128,889; 1968, 300, 596 short tons valued 
at $89,187. 

2 Less than 16 unit. 


Table 12.—U.S. imports for consumption 
of salt, by classes 


(Thousand short tons and thousand dollars) 
In bags, sacks, 


barrels or other Bulk 
(dutiable) ! 


Year packages (dutiable) 
Quantity Value Quantity Value 
1966. ..... 10 $208 2,469 36, 256 
1967 14 282 2, 829 8,259 
1968.....- 27 467 8,429 11,020 


1 Includes salt brine from Canada ro m 
Detroit, Mich. customs district for 1967, 
short tons valued at $128,889; 1968, 300,596 9 
tons valued at $89,187. 
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Table 13.—U.S. imports for consumption 
of salt, by customs district’ 


(Thousand short tons and thousand dollars) 


1967 1968 

Customs district ———— — ———— — .". 

uer Value Quan- Value 
tity 

Baltimore, Md.... 179 $490 248 $831 
Boston, Mass 92 869 149 674 
Bridgeport, Conn.. 22 59 120 401 

alo, N.Y...... 2 225 25 109 
Chicago, Ill....... 181 858 308 1,397 
Cleveland, Ohio 190 806 138 584 
Detroit, Mich..... 850 2,205 745 2,815 
Duluth, Minn..... 43 161 84 128 
Juneau, do cac mede. Cox (2) 10 
Los Angeles, Calif.. 175 861 197 444 
Milwaukee, Wis... 85 892 138 595 
bs York edam 46 162 186 464 

Norfolk, La REN 12 48 24 92 

e (2) 4 1 5 

Philadelphia KS: 22 164 44 195 

Deeg 127 685 281 1,076 
Perdana’ on NEN 187 171 181 227 
Providence, R. I. 26 77 (3 | 
St. Albans, V 13 55 45 190 
San Francisco, Calif. ..... ..... (3) (2) 
San Juan, 

Puerto Rico 6 31 6 31 
Savannah, Ga 157 579 195 729 
Seattle, Wash. .... 891 602 457 898 
Wilmington, N.C.. 87 92 89 97 

Total 2,848 8,541 8,456 11,487 


! Includes salt brine from Canada through the 


Detroit, Mich., 


district for 1967, 443,457 


short tons valued at $128,839; 1968, 300, 596 short 


tons valued at $89,187. 
2 Less than 15 unit. 
WORLD 


Australia.— The increasing demand in 
the Japanese market for salt has resulted 
in the development of more salt producing 
facilities. Present and future plans were 
reviewed in a recent article.’ 

Bahama Islands.—The Diamond Crystal 
Salt Company began shipments of solar 
salt from its solar evaporation facility to 
Long Island. The facility is expected to 
have a production capacity of 350,000 to 


REVIEW 


500,000 tons per year by 1972, and covers 
24,000 acres. Two years are required from 
the initial intake of seawater to the final 
deposition of salt. Output will be sold to 
the chemical industry for caustic chlorine 
manufacture and to cities and States for 
snow removal.* 


2 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 3, March 1968, p. 36-389. 

3 Chemical & Engineering News. V. 46, No. 
49, Nov. 18, 1968, p. 19. 
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Table 14.—World production of salt by countries 
(Thousand short tons) 


Country ! 1964 1965 1966 1967 1968 P 
North America: 
anada. ² -eMM 3,989 4,584 4,492 5,362 4,888 
Bahamas................-..-......- 370 3 463 e 441 1,102 e 1,000 
Costa RienKn 22 2 2 11 1 
El Selvadeor aMMa 24 25 21 NA NA 
Guatemala 20 17 22 NA NA 
Honduras e 11 e 11 e 11 25 25 
M6X1C0 us ð v ĩͤ 88 r 1, 965 12, 425 r 2, 643 3,671 NA 
55 EE EE 20 21 NA 
POY RIG ei ⁰ . 8 12 12 10 NA NA 
United "States (including Puerto Rico): 
Rock salt 8,554 9,810 10,080 11,661 12,461 
Other salt: 
United States 23,069 24,877 26,383 27,285 28,813 
Puerto Rio oo 5 8 11 12 32 


South America: 


Argentina- cll LLL lll ll. 433 r 844 r 985 903 NA 
CAT 2o lxi r ß 8 831 1,323 1,447 1,146 1,693 
Chilg- ens sutor LEE ss 104 110 224 461 927 
Colombia 
Roeckl! Se see e ne 319 309 332 342 349 
Other salt- -------.------------ 56 56 89 175 NA 
Ecuador 39 39 39 NA NA 
BPRUI lem ↄ oe eee 147 152 191 155 NA 
Venezuela 224 190 164 e 94 139 
Europe 
õ³¹ꝛͥ⁴vAD¹ ⁰ See um 432 445 518 467 495 
Bull ⁵³ðüi ¿LLL a 90 138 e 138 e 138 e 127 
Czechoslovakia... 203 211 217 223 e 226 
JJJ%%%%%%0% ͤ ͤ ᷣͤᷣͤ eee eee eke. Mec m! sa detto 28 110 163 
France: 
Rock salt and salt from springs - 8,573 3,663 r 9,750 3,825 e 8,417 
Marine aalt -2-222 ---------- 872 1,241 r 1,170 1,698 e 1,658 
Germany: 
6) K ee 2,291 2,088 2,106 e 2,204 e 2,205 
West (marketable): 
Rock salt and brine salt. r 5,951 r 6,818 r 6,491 6,468 7, 275 
Marine salt r 488 r 565 625 649 e 705 
Sig mataas es o a ⁵⁵⁵( 111 96 100 105 109 
taly: 
Rock salt and brine salt r 2,245 r 2,8349 r 2,8337 2,841 «2,866 
Marine salt_____ e r 902 r 1,166 r 1,258 1,303 e 1,433 
Netherlands ----------------------- 1,759 1 , 882 2,047 2,128 2,660 
Poland: 
Rock ealt -2-2-2 --------- 728 743 840 915 1,068 
Other salt_____ 8 1,743 1,789 1,815 1,828 1,835 
Portugal: 
Rock säll e izle sui ek 98 99 108 125 e 154 
Marine eat -2-2-2 --------- 256 451 r 283 354 e 331 
Rumania. 1,994 2,222 2,255 2,270 e 2,315 
Spain: 
Rock ealt aaMaMMiMMiMiMiMiMMa 808 876 r 891 e 882 e 882 
Marine salt 39. 1,313 1,171 r 1,043 e 1,102 e 1,102 
Switzerland 201 254 r 202 288 e 248 
USSR ee eee 8 11,133 10,472 r 10,251 11,684 e 12,125 
United Kingdom: 
e ------------------ 776 810 r 1,153 775 NA 
Oe, ðVà Ee 6,659 6, 906 6, 929 7,066 NA 
Lugosla via 203 192 182 185 197 
Africa: 
Age... Se eee els 128 128 e 128 e 129 e 132 
// ³˙¹¹ A es 89 65 67 86 80 
Cape Verde Islands. 35 44 r 34 NA NA 
Chad, Republic of (including natron) . 8 11 11 9 NA 
Ethiopia (including Eritrea) ... 226 207 r 628 287 289 
11. 34 80 40 40 e 82 
Kenya MDC ne ee eR ĩ Ieee ae eR 30 34 r 60 54 67 
TADYV G's uu cere ee et a 13 13 (5) NA NA 
Malagasy Republic --------- r 25 r 13 r 14 15 8 
EE I O E NA 3 3 4 NA 
Mauritius J%ͤ C 4 4 4 4 4 
Morocco 67 37 43 22 45 
Mhh, 8 33 29 42 NA 
Senegal, Republic of (including Mauri- 

COIS) un cs cav eG ee es 62 56 67 66 e 66 
Somali Republic 7 6 (3) NA NA 
South Africa, Republic of... 331 365 346 349 377 
South-West Africa: 

Rock salt 6 6 6 e6 NA 
Other Salt 103 103 65 e 83 NA 


See footnote at end of table. 
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Table 14.—World production of salt by countries—Continued 
(Thousand short tons) 
Commodity 1964 1965 1966 1967 1968 P 
Africa—Continued 
S oe S 66 57 47 68 e 66 
Tanni. eee ke 36 t 44 r 46 40 33 
Tunisia (sale 286 392 862 881 897 
PPPCTTTCCꝙ0T0T0B0 x ee 3 8 2 NA zu isa 
"n United Arab Republic...............- 744 545 691 e 694 NA 
ia: 
Te it 14 20 22 
ock salt 
Other sal——— „ 18 22 20 ) * 84 * 44 
Burnw nn ee rece ecu 140 146 180 148 151 
SS; ĩðͤv edades 57 86 71 88 108 
China, mainland e... 11,000 14,800 14,300 14,800 16 ,500 
yprus Ee r NA 6 
India (including Goa after 1964) 5,122 r 5,202 r 4,985 6,200 5, 560 
Indonesia r NA 278 276 e 276 e 87 
Irin m RENE EREMO eee 248 248 e 248 285 e 308 
Iraq EE 80 66 66 66 66 
TN E WEE 47 61 64 6 e 80 
7§˙ĩ5êẽe usu ee setae 984 935 987 1,078 1,066 
gege, 2 22 14 18 18 
Korea: 
North 440 550 606 606 606 
South: ea Ci ae ee 425 737 438 675 618 
Kuwait. dee 8 4 4 4 
EES e 8 8 4 e$ e$ 
Lehne cc ese esTiocacs 22 26 28 e 83 e 83 
Mongolia e -2.222-22 9 9 9 9 9 
Pakistan: 
Rock salt 217 299 r 288 270 860 
Other aalt... 214 246 r 229 492 629 
Philippines- ul oc luu l coe 52 281 202 128 206 
Ryukyu Islands 8 8 7 7 e 7 
Southern emen 89 r 54 r 88 e 88 e 99 
Syrian Arab Republic 18 28 e 22 e 22 e 22 
JJ u uU ee eee 664 617 458 571 343 
Thailand KEE 209 207 220 121 165 
Turkey: 
Rock salt 36 3 85 e 39 42 
Other aalt ..... 2:2. 2-2. --- 855 505 279 e 331 584 
Vietnam: 
Dr. oe ee 165 165 165 165 165 
South... 2.2 o Sus e Lecco 208 177 e 176 178 NA 
P ˙·¹ d ce deu e 39 e 94 e 110 e 94 
eania: 
Australia 611 788 722 787 e 882 
New Zealand...............-.-.---- 24 89 40 62 e 55 
! AA r 108,720 : 119,730 * 122,274 131, 564 124,442 
* Estimate. P Preliminary. r Revised. NA Not available. 


1 a is produced in many other countries but quantities are relatively insignificant or reliable data not 
available. 

? Exports. 
3 Includes an average annual production in the Canary Islands of 15,000 metric tons of marine salt. 

* Year ended September 10 of year stated. 

5 Less 1⁄4 unit. 

* Year ended March 20 of year following that stated. 

7 Year ended March 31 of year following that stated. 

8 Total is of listed figures only. 


salt market, increase production using 
new processes and techniques, and develop 


Brazil.—The decline in salt output in 
1967 to 1.1 million tons from 1.4 million 


tons in 1966 was blamed on poor produc- 
tion, handling, and loading methods. 
In order to improve the country's salt 
industry, Decree Law 257 was issued to 
control the economic policy relating to 
salt. The Brazilian Salt Institute was abol- 
ished and the Executive Salt Commission 
was created under the Ministry of Com- 
merce. The new commission's objectives 
are to organize and expand the domestic 


reserve salt stocks. 

The Government approved plans for 
two new ocean loading terminals in the 
northeast section of the country.“ 


Canada.—The Canadian Salt Co. began 
construction of a sodium chloride plant to 
extract salt from waste liquors obtained 


* Bureau of Mines. Mineral Trade Notes. V. 


66, No. 1, January 1969, pp. 27-28. 


SALT 


from the mining complex of Kalcium 
Potash Ltd. near Belle Plaine, Saskatche- 
wan. The plant will have a capacity of 
150,000 tons per year and solve the 
problem of the disposal of high salt con- 
centration waste liquor which has caused 
considerable pollution and disposal prob- 
lems in the past." 


Germany, West.—Dow Chemical Europe 
S.A. began an exploratory salt drilling 
program near Slade in the State of 
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Niedersachsen in order to delineate salt 
deposits for possible future chlorine based 
chemical production in Europe.* 


Korea, South.—In 1967 slightly over 
500,000 tons of salt were produced from 
about 30,000 acres of ponds by solar evap- 
oration. Most of the country's producing 
facilities are located on the west coast 
adjoining the Yellow Sea where maximum 
tides reach 30 feet. The purity of the salt 
produced averages about 80 percent.' 


TECHNOLOGY 


A recent paper described the major 
Canadian salt deposits, with a short de- 
scription of the industry's early history. 
The industry's progress in recent years was 
discussed along with a description of dry 
and solution mining of salt. The future 
potential of Canada's salt was assessed." 

Salt used for highway deicing penetrates 
the adjacent soil and is related to under- 
ground pipe corrosion. Increased salt con- 
centration lowers the resistivity of the soil 
and usually increases the corrosive effect 
of the soil. Natural leaching causes con- 
centration differences over narrow depths 


that can start galvanic cell corrosion. The 
corrosion can be controlled by construction 
procedures that provide a uniform and well- 
drained soil around underground pipes.’ 


5 European Chemical SE (London). V. 14, 
No. 336, July 12, 1969, 12. 

6 European Chemical News (London). V. 18, 
No. 334, June 28, 1968, 24. 

7 Bureau of Mines. Mineral Trade Notes. V. 65, 
No. 7, July 1968, p. 27. 

8 Canadian Mining & Metallurgical Bulletin. 
History and Significance of Salt in Canada. 

61, No. 678, May 1968, p. 652-660. 

9 Journa] of the American Water Works 
Association. Underground Corrosion and Salt 
inal ation, v. 60, No. 3, March 1968, p. 
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Sand and Gravel 


By Paul L. Allsman ! 


Sand and gravel production rose 1 per- 
cent in 1968, although the 918 million tons 
produced was still 17 million tons below 
the record tonnage of 1966. The value of 
output soared above $1 billion for the first 
time. The value of sand and gravel pro- 


duction was 4 percent higher than the 1967 
value of $982 million. 

Output from commercial operations in- 
creased 6 percent in 1968, but that from 
Government and contractor operations 
dropped 15 percent. 


DOMESTIC PRODUCTION 


The leading producing State in 1968 
was California with 125 million tons, 14 
percent of the total. This was followed by 
Michigan, Ohio, Illinois, Minnesota, and 
New York. Sand and gravel production was 
distributed as follows; 77 percent by com- 
mercial operators, 23 percent by Govern- 
ment-and-contractor. The trend since 1965 
has been to increased production by com- 
mercial plants. Gravel represented 60 per- 
cent of the total production in 1968, the 
same as in 1967. In 1968, 88 percent of the 
sand and gravel was reported as processed, 
a growing trend in recent years. 

The number of commercial sand and 
gravel plants decreased from 6,315 in 1967 
to 6,296 in 1968. The number of plants 
producing over 1 million tons increased 
markedly from 55 in 1967 to 66 in 1968, 
as the supersized, more efficient plant and 
attendant automation often made modern- 
ization a profitable investment. 

A trend toward larger or more com- 
pletely integrated industrial complexes, 
which give producers more efficiency in 
operations, was illustrated by several 
modern plants. A new $10 million plant 
was to replace Kaiser Sand and Gravel 
Co.’s old Radum, Calif., gravel plant. The 
plant, with a capacity of 2,000 tons per 
hour, equivalent to 8 million tons per year, 
will produce 13 aggregate sizes.” The com- 
bination plant of Lebanon Crushed Stone, 
Inc., at Lebanon, N.H., produces both 
crushed stone and sand and gravel from 
alternate deposits, as needed. The company 
owns four sand and gravel plants, at Keene, 
Tilton, Compton, and Lebanon, plus four 
ready-mix concrete plants and concrete 
products plants.“ 


The trend toward portable plants con- 
tinued to grow in 1968, as these plants 
give producers more flexibility in their 
operations. A portable sand dredging plant 
is used by the Dooley Sand Co., Inc., States- 
ville, N.C., and is transported on trailers 
between dredge locations. A ten-inch hy- 
draulic dredge and stockpiling conveyor 
handle overburden, mud layers, and gravel 
runs.“ Standard Materials Corp.’s new 300- 
ton-per-hour movable plant at Clinton, 
Ind., replaces three stationary plants. The 
plant sections are skid-mounted or housed 
in semitrailers Fisher Contracting Co., 
Phoenix, Ariz., produced up to 1,050 tons 
per hour of assorted gravel aggregates for 
a special freeway project with a rubber- 
mounted plant. Four portable units and a 
bottom-dump truck handled the job." 

High-grade silica for cement manufacture 
is supplied by the 200-ton-per-hour, Oro 
Grande, Calif., quarry of Vinnell Mining 
and Minerals Corp., for use throughout 
southern California, The $500,000 Crest- 
more, Calif., plant of Pulverized Sand of 


1 Mineral specialist, Division of Mineral Studies. 

2Pit and Quarry. New 2,000-TPH Operation 
To Replace Kaiser's Famous Radum Gravel Plant. 
V. 61, No. 5, November 1968, pp. 83-84, 105. 

3'Trauffer, Walter E. New Hampshire Plant 
Produces Both Crushed Stone and S nd and 
Gravel. Pit and Quarry, v. 60, No. 8, ` bruary 
1968, pp. 82-96. 

4Trauffer, Walter E. Portable Sand Dredge 
and Plant Serve Wide Area. Pit and Quarry, 
v. 61, No. 2, August 1968, pp. 108-110. 

5 Burkhardt, H. A. Movable Sand and Gravel 
Plant Meets Needs of Separate Areas. Pit and 
Quarry, v. 61, No. 6, December 1968, pp. 64-67. 

€ Roads and Streets. How To Crush 500,000 
Tons in Nine Weeks. V. 111, No. 11, November 
1968, pp. 32-34. S 

7 Utley, Harry F. New Silica-Quartz Plant in 
California. Pit and Quarry, v. 61, No. 3, Septem- 
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Table 1.—Sand and gravel sold or used by producers in the United States, 
by classes of operations and uses 


(Thousand short tons and thousand dollars) 


1967 1968 
Class of operation and use 
Quantity Value Quantity Value 
Construction: 
Building: 
And o eee See ie S. ee CE 147,250 $157,928 160,882 $177,786 
EI A ood mm. a qmd hme 118,690 160,335 184,193 182,732 
Paving: 
ht dE r 133,966 r 129,798 184,346 130,912 
C/ 8 r 357, 906 r 850,991 336,907 838,897 
ST RE 42 ,246 26,163 88,640 28,205 
IBVOl.. lico v m E Uie Oe 50,985 36, 886 59, 780 44, 890 
Railroad ballast: 
J)7GTꝙTꝙV !:: ß 412 382 631 631 
E Gravel... n s uecesQ sce se ceases 1,865 1,719 2,417 1,988 
ther: 
NG 5 ge ae dida ue E E 10,018 9,756 7,921 7,807 
Gravel... . 8 18,086 15,048 9,895 11,507 
Total eonstruction i: r 876,874 r 888,951 885, 562 919, 805 
Industrial sand: 
nground: 
G lisi EE 8,937 28,976 9.627 81,868 
Molding. <2.) 6.0052 oc . . . . .. cece ek 9,459 26,934 10,332 29,126 
Grinding and polishing................ 639 1,482 551 1,411 
TTT ME 1,147 6,442 1,179 6,679 
Fire or furnace....................... 496 1,127 470 1,116 
Engine. 2225-95 LD Su T smit ade 816 1,751 882 1,907 
D . . . . 8 201 572 212 709 
Oil hydrofrac. ...................-... 190 1,328 258 2,030 
M AA eR RS 1,948 6,260 2,166 6,809 
Total ¹˙¹w uni 28,833 74,872 25,627 81,649 
Ground:?..... EE RCM ,490 10,983 1,34 11,788 
Total industrial !......................- 25,323 85,855 26, 975 93,382 
Miscellaneous grave ll 5,348 9 5,202 7,149 
Ae, c es wee r 907 ,045 r 981,748 917,739 1,020,836 
Commercial: 
S AAA sss sus ea 305,170 366, 596 828,084 899,066 
e e sel aes 362, 431 411, 768 387, 850 449, 868 
Government-and- contractor: 
eee ß r 54, 045 r 43,286 46,311 34, 107 
e ae a r 185,399 r 160,098 160,494 137,295 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 


2 See table 10 for breakdown by use. 


3 Approximate figures for operations by States, counties, municipalities, and other Government agencies 


under lease. 


California, Inc., produces 50,000 tons of 
silica flour annually, which is used in 
autoclaved cement block manufacture. 
Precrushed quartz is obtained from the Oro 
Grande quarry.? 

Descriptions were published of a number 
of important plant features during the year. 
Wingra Stone Co., Madison, Wis., pro- 
duced sand and gravel and crushed gravel 
from 41 deposits using two portable crush- 
ing and screening plants.“ Standardization 
of equipment and techniques was possible 
in eight similar gravel pits in Becker 
County, N.C.” Eugene Sand and Gravel 


Inc.'s, plant at Eugene, Oreg., produced 
ground and crushed gravel from diked-off 
river channels in the Willamette River. 
Full rehabilitation with tree cover of 
dredged areas is planned." 


8 Utley, Harry F. Pulverized Sand of California. 
Pit and Quarry, v. 61, No. 5, November 1968, 
pp. 106-108. 

9 Trauffer, Walter E. Wisconsin Contractor- 
Aggregate Producer. Pit and Quarry, v. 60, 
No. 11, May 1968, pp. 176-178, 182. 

10 Rock Products. Standardization: Key 
Becker County’s Sand Gravel Operations. V. 71. 
No. 6, June 1968, pp. 53-59. 

11 Trauffer, Walter E. New Oregon Sand and 
Gravel Plant. Pit and Quarry, v. 61, No. 4, 
October 1968, pp. 66-72. f 
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Figure 1.—Production and value of sand and gravel in the United States. 


Yakima Cement Products Co., Yakima, of Durham, N.C., recently equipped a 
Wash., dredges sand and gravel from an permanent pit to replace depleted areas 
old river bed of the Yakima River. Many and mobile plants to produce sand and 
years of operation are foreseen in a channel gravel for its heavy construction contracts.” 
at least 50 feet deep.“ Nello L. Teer Co. 


12 Trauffer, Walter E. Washington Gravel Firm 13 Trauffer, Walter E. Nello L. Teer's Per- 
Adjusts and Expands To Meet C ng Needs. manent" Gravel Plant in New Location. Pit 
hr ua Quarry, v. 60, No. 9, March 1968, pp. ra UAE v. 60, No. 10, April 1968, pp. 
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CONSUMPTION AND USES 


The construction industry, the prime user 
of sand and gravel, consumed 96 percent of 
the tonnage and 90 percent by value of the 
sand and gravel output in 1968. The princi- 
pal consumers of higher priced industrial 
sands are the foundry and glass industries. 
Forecasts for the coming year predicted an 
8-percent rise in construction expenditures. 
Massive programs of urban reconstruction, 
plus a general upturn in prices, should 
carry all segments of the rock products 
industry to record production levels in 
1969. New plant construction was swinging 
upward, and two of the largest gravel 
plants ever built were under construction 
on the west coast.'* 

New engineering techniques and the con- 
sequent economies possible in highway 
building revived chances for increased use 
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of construction sand and gravel as road 
metal, fill, paving, and other highway uses. 
A new plant built for this growing demand, 
the 300-ton-per-hour plant of Frederick- 
town Sand and Gravel Co., Fredericktown, 
Ohio, is designed to meet any need for 
highway construction materials. A full 
range of State specifications or American 
Association of State Highway Officials 
gradations can be produced.” Thirty-seven 
percent of the total sand and gravel pro- 
duction was used for paving in 1968. 
Important new uses are indicated for 
dielectric silica films produced by sputter- 


14 Rock Products. The Year Ahead: Sand and 
» No. 12, 


Gravel—A $1-Billion Year. V. 71 
December 1968, p. 62. 

15 Herod, Buren C. New Ohio Plant Reflects 
Progressive Management Ideas. Pit and Quarry, 
v. 60, No. 12, June 1968, pp. 108-113. 
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Figure 2.—Sand and gravel sold or used in the United States. 
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ing quartz in a gas plasma. Various dielec- 
tric properties of silica films and different 
depositional processes were studied in a 
series of experiments.“ Bituminous base 
courses are a growing use for gravel in 
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England. Gravel is preferred because it is 
cheaper. Experimental work by the Road 
Research Laboratory in design of flexible 
pavements was described.” 


PRICES 


Representative prices (carload lots) for 
construction sand and gravel in 20 metro- 
politan areas were published each month in 
Engineering News-Record. Prices for sand 
ranged from $4.30 per ton in Chicago to 
$1.57 per ton in Denver; the average price 
reported was $2.51 per ton. Prices for 
1'4-inch gravel ranged from $4.00 per ton 
in Los Angeles to $1.65 in Cincinnati; the 


FOREIGN 


In 1968, Canada received 82 percent of 
U.S. exports of sand, the Bahamas received 
9 percent, and Mexico received 7 percent. 
Canada received 74 percent of U.S. ex- 
ports of gravel, the Bahamas received 21 
percent, and Norway and Mexico each 


WORLD 


Australia.—Cape Flattery Silica Mines 
Pty., Ltd., announced an export agreement 
to ship 340,000 short tons of silica to Japan 
over a 3-year period. 

Canada.—Northern Silica, Ltd., of Re- 
gina, Saskatchewan, entered an agreement 
to explore 18 square miles of silica sand 
deposits near Hudson Bay. A $1 million 
processing plant and 10-mile rail spur are 
being planned. Industrial Minerals of 
Canada, Ltd., acquired the Georgian Bay, 
Ontario, silica plant of Union Carbide 
Canada, Ltd. À new open-pit silica mine 
and a new $1.5 million silica sand and 
flour grinding plant are planned. Use of 
sized sands for mine backfill was described 
at Noranda Mines, Ltd., in Ontario. Up to 
3,000 tons of sandfill per day is used, along 
with some cement.“ 

Italy.—Cabot Italiana Sp.A. of Milan 
marketed CAB-O-SIL, a new fire-dried, 
fumed silica product developed in the 
United States. Montecatini-Edison planned 
development of silica glass sand deposits in 
Palermo Province. 

Netherlands.— The City of Amsterdam 
put a new $18 million sand-desalting plant 
on stream. The plant floats on twin- 
pontooned catamarans, and it dredges and 
desalts sands from the North Sea. About 


average price reported for 16 major cities 
was $2.75 per ton. Prices for M- inch gravel 
ranged from $4.50 in Seattle to $1.65 in 
Cincinnati, and averaged $2.85 per ton for 
19 cities. The average value of sand and 
gravel sold or used by producers, f.o.b. 
plant, was $1.11 per ton, compared with 
$1.08 per ton in 1967. 


TRADE 


received 2 percent. Total exports of sand 
were 2,048,450 short tons; gravel exports 
were 302,694 short tons. 

All the crude sand and gravel imported 
in 1968 was from Canada; almost all the 
imported glass sand was from Australia. 


REVIEW 


100 million cubic yards of fill sand will be 
needed in the next 10 years.” 


South Africa, Republic of. Robert 
Hudson and Sons obtained a franchise for 
a semiautomatic sand-lime brickmaking 
machine; silica sand is obtained from 
mine dumps on the Witwatersrand Reef. 
Kalksandsteen (Pty.), Ltd., erected the first 
new sand-lime brick plant.” 


United Kingdom. Metro-Greenham Ag- 
gregates, Ltd., dredges 4,000 tons of sand 
and gravel per day from the North Sea. 
Materials are processed into usable aggre- 
gates at the Nine Elms plant, Battersea, 
River Thames.” 


16 Pratt, I. H. Processing and Evaluation of 
RF Sputtered Quartz. Trans. AIME, v. 242, 
No. 3, March 1968, pp. 526-531. 

17 Please, A., and F. E. Mayer. Resistance to 
Plastic Flow of Bituminous Basecourses Made 
With Gravel Aggregates. Chem. and Ind. (Lon- 
don), No. 37, Sept. 14, 1968, pp. 1238-1245. 

18 Barnett, C. Preparation of Hydraulic Sand 
and Cement Backfill at Noranda Mines Ltd., 
Geco Division. Canadian Min. J., v. 89, No. 12, 
December 1968, p. 47. 

19 Engineering News-Record. Desalting Is An- 
swer to Holland Sand Storage. V. 181, No. 26, 
Dec. 26, 1968, pp. 34-35. 

20 South African Mining and Engineering 
Journal. Automation in Manufacture of Pressed 
Bricks. V. 79, No. 3950, Oct. 18, 1968, p. 893. 

21 Cement, Lime, and Gravel. Processing Sea- 
dredged Aggregates in London. V. 43, No. 8, 
August 1968, pp. 243-246. 
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The National Sand and Gravel Associa- 
tion forecast greater efficiency in plant 
operations at its annual Controllers Con- 
ference in St. Paul, Minn. Producers were 
turning to computer systems, planning and 
control, and other modern management 
methods to cut costs." An important study 
of urban planning of sand and gravel use 
was carried out by the Orange County, 
Calif., planning department. The study 
recommended full utilization, conservation, 
and optimum use of both the resource and 
the land, based on geologic engineering 
studies. Zoning regulations should set stand- 
ards for noise, air pollution, dust, and land 
slope control. Reclaimed areas have been 
utilized for Government storage, chemical, 
and petroleum storage, outdoor theatres, 
golf ranges, tree farms, stadiums, race 
tracks, and lumber storage.” 

The possible importance of offshore sand 
and gravel deposits in replacing depleted 
resources near urban centers was investi- 
gated for the northeastern United States. 
Continental Shelf deposits seem continuous, 
but they are largely unsampled.* 

Results of research on silica sand miner- 
alogy and products were published in 1968. 
The development of silica sand briquets as 
a substitute for quartzite, used in produc- 
tion of silicon metal, was described. 
Quartzite is in short supply in some areas.” 
Flotation experiments on  milky-white 
quartz were described; long chained collec- 
tors proved effective. Flotation may allow 
upgrading of many promising quartz de- 
posits as sources of silica sand.” Quartz 
sand mineralogy, thermal expansion, and 
elastic strains in whiteware bodies were 
examined by X-ray diffraction and differ- 
ential thermal analysis. Physical properties 
of whiteware bodies, such as strength and 
tendency to crack, were determined.” 

The new 158-inch-diameter, fused-silica, 
telescopic mirror of the Kitt Peak National 
Observatory, Tucson, Ariz., was fabricated 
in three layers. The manufacture of this 
blank represents a significant advance in 
the technology of telescope mirrors and of 
fused quartz glass.“ High-quartz glasses 
containing traces of MgO, Lat, or Al203 
were examined by X-ray diffraction. At 
high temperatures the impurities were trans- 
formed to spinel, keatite, and cordierite.” 


Use of the versatile dragline for under- 
water operations and removal of thick over- 
burden was described for oolithic limestone 
sand deposits." Applications of the drag- 
scraper and the slackline cableway bucket 
to long range and deep underwater digging, 
at costs of 3 to 10 cents per cubic yard were 
given.“ Heavy media separation in con- 
junction with screening and jigging was 
used to upgrade a glacial gravel deposit at 
Casco, Wis.? 

Descriptions of several new mechanized 
sand and gravel plants were published, 
illustrating equipment technology. The 600- 
ton-per-hour plant of Antelope Valley 
Aggregates, Inc., Los Angeles County, 
Calif., is completely automatic with a sys- 
tem of 50 separate conveyor flights. Stacker 
belts, scalping screens, and a spiral sand 
dewaterer complete the mechanization.” 
Knoxville Sand and Gravel Co., Des 
Moines, Iowa, built its own power source, 
which has cut power costs by 70 percent 
and increased the operating season.* 


22 Stearn, Enid W. Tools for Greater Efficiency, 
Economy Laid Before NSGA Conference. Rock 
Prod., v. 71, No. 10, October 1968, pp. 98, 110. 

23 Young, Eleanor Jj. Urban Planning for Sand 
and Gravel ?H ape Pit and Quarry v. 61, No. 6, 
December 1968, 89—91. 

24 Schlee, J UEM. "Gand and Gravel on the Con- 
8 Shelf Off the Northeastern United 
Sta U.S. Geol. Survey Circ. 602, 1968, 9 pp. 

25 Ehrlinger, H. P., M. L. Schroder, L. R. 
Camp, and H. W. Jackman. Silica Sand Briquets 
and Pellets as a Replacement for Quartzite. 
Illinois State Geol. Survey, Ind. Miner. Notes 
82, March 1968, 8 pp. 

?9 Ghigi, G. Flotation of Quartz With Some 
Polymer Complex Collectors. Bull Inst. Min. & 
Met. (London), v. 77, No. 745, December 1968, 
pp. 212-219. 

2 Cucka, Paul, and R. F. Oliva. X-Ray Measure- 
ment of Strain in Quartz Particles of Whiteware 
Bodies. J. Am. Ceram. Soc., v. 51, No. 8, August 
1968, pp. 458—464. 

28 Taeler, David H. 158-Inch Fused Quartz 
Mirror Blank. Ceram. Age, v. 84, No. 2, 
February 1968, pp. 36-39. 

? Ray, S., and G. M. Muchow. High-Quartz 
Solid Solution Phases From Thermally Crys 
lized Glasses. J. Am. Ceram. Soc., v. 51, No. 12, 
Dec. 21, 1968, 678—682. 

30 Weirich, George. Handling Hard Rock With 
k Prod., v. 71, No. 12, December 


1968, pp 102, 10 
31 Levine, Sidney. Don’t Overlook Cable 
Powered Scrapers. Rock Prod., v. 71, No. 12, 


December 1968, pp. 80-83. 

32 Bergstrom, John H. HMS Helps Wisconsin 
Gravel Producer Protect Quality Image. Rock 
Prod., v. 71, No. 9, September 1968, pp. 115-117. 

33 Utley, Harry F. Aggregate Production Ac- 
tivity in Los Angeles County Explodes into 
Nearby Antelope Valley. Pit and Quarry, v. 
60, No. 12, June 1968, pp. 100-105. 

34 Rock Products. Sand and Gravel Producer 
Switches to ae Power, Cuts Costs 70 percent. 
V. 71, No. 6, June 1968, pp. 78-79. 
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Table 2.—Sand and gravel sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


e Sand Gravel Total 
ear ————— 
Quantity Value Quantity Value Quantity Value 

1964. L; roy l etuctessSe 326,641 $358,129 541,567 3535, 246 868,208 $893 ,375 
LOGO: Seema Seed 352 , 735 388 ,051 555,314 569,365 908,049 957 ,416 
EE 368,321 408 , 757 566 , 160 576,225 934,481 984, 982 
gd ep wr eee oe le 359,215 409, 882 547, 830 571, 866 907,045 981, 748 
1968... oce ESO der 369, 395 433,173 548,344 587,163 917,739 1,020,3 36 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1968, 
by States, uses, and classes of operation 


(Thousand short tons and thousand dollars) 


Sand, construction 


Š Building Paving 
tate —  n—oM —SnPTOTW 
Commercial Government-and- Commercial Government-and- 
contractor contractor 
Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama 2,906 $2,439 ....... ......- 908 $921 8 $12 
FFF 220 105 $96 2 8 615 169 
Arizona... 2,917 8,164 401 401 604 586 620 595 
Arkansas 1,144 1,402 1 1 2,441 2,954 466 861 
California 21,904 27,926 40 50 18,993 16,913 7,550 6,863 
Colorado 2,82 2,60 1 1 28 1,578 1,865 1,978 
Connecticut 2,054 2.906. a: womrshós 1,630 ,035 1 
Delaware 296 354 16 S AA uu. 
Florida. 6,267 5,699 Zb WwW WwW WwW W 
PER. 2 .......-.... 2,989 2.18b seduces. ! 489 SSE Local Dd 
Hawaii 402 1 2965; tte 6 25 AT Ll. eck 
Oxon ER E E EEN 808 584 ....... ......- 96 168 1,7170 944 
Illinois.................- 8,191 4299]. 2252. sees 7,180 6,288 44 249 
Indiana. 4, 588 4,0588. 4,422 3,974 58 31 
Iowa.. 2, 995 3,090 1 (1) 2,606 2,618 49 
EET ala hee Sees 3,753 8,086 2255224. _`....-. 8,489 8,068 1,816 950 
Kentucky..............- 2, 788 2889 8 1, 890 „443ÿ3GgG3́3ł.. t . 
Louisiana 4,988 D.021  Luclose estes 2,129 2.190. zzii. reet 
Maine 267 — 299 ......— x. 831 821 410 164 
Maryland..............- 4,459 6,448 ....... ......- 1,278 1,967 182 105 
Massachusetts 2, 897 S Il T 2,480 2,661 45 84 
Michigan 7,475 (/ reece 6,704 5, 585 1,839 845 
Minnesota... e 4,766 4 189. 1. — 2-5«-- 2,824 2,072 1, 176 726 
Mississippi-............- 2,178 / Niles ,844 / / Sooo ee 
Missouri 3,949 „588111. i252 1,304 ./ / 22. te 
Montana...............- 285 518 Leem iere 120 215 1,118 676 
Nebraska. 2,592 rr e ehuw 961 881 181 181 
Vas 687 1! ull cz 230 282 95 
New Hampshire 673  — 592 .....-— ez 607 554 1,225 488 
New Jersey.............. 5, 955 65 0 % !!! _...... 4, 266 4,598 ....... ....... 
New Mexico............- 708 65 65 78 93 
New York..............- 9,680 12,211 98 146 8,216 4, 826 690 474 
North Carolina 2,868 2,016. iic cuxbesix 2,881 1,434 
North Dakota 855 8 AA 206 189 8,814 8,089 
G Z; Z 22; S 2 Z. su 7,061 8,446 uo -2-2-2 9,520 9,797 W W 
Oklahoma..............- 1,874 1,894 71 91 927 8 811 195 
Oregon 1, 485 1,919 2 1 301 478 214 131 
Pennsylvania 5,420 8,299 Lex 8,438 c adunoes 
Rhode Island 592 7388 185 188. IL 8 
South Carolina........... 2, 854 1.814. ĩð ͤ 0 naonna W Wo » Lise ee 
South Dakota 456 4 1 1 118 139 1,738 1,736 
Tennessee 2,470 3, 767 1 1 1,082 1,680 
OXN6 EE 5, 788 6,330 19 24 4,284 4,498 280 249 
LOE Y lll??»⅛ 8 799 8 12 12 395 1, 108 1,080 
Vermont 298 210- A sus 474 877 1 127 
Vin, ð . c esse cc 2,552 8,006 _...... 8 2,948 2,948 9 
Washington 2,981 8,115 l.l l2 869 914 155 129 
West Virginia. 1,717 . Suess 482 TNI. cesses. numus 
Wisconsin , 588 8.811. i22:  Sacoccs 8,460 2,277 1,985 947 
Wyoming 189 1 3 3 173 1,952 1,948 
llt y >>»--22- 528 837 
er 160,068 176,848 819 898 98,796 108,615 35,550 27,297 
American Samoaa˖az z 1919. ³¹¹¹ ĩðͤ u ĩͤ 2.dcecus 
anama nl n ͤ ͤ òͤ!ᷣ III. W ---[ < -- 
Puerto Rieo  . . . .. - 8,269 6,554 4 8 8,032 8,678 565 808 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Legs than 1⁄4 unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1968, 
by States, uses, and classes of operation—Continued 


(Thousand short tons and thousand dollars) 


Sand, construction—Continued 


Panama Canal Zone 
Puerto Rio 


Railroad Fill Other : 
ballast — Y — —— — 
State (eommereial) Commercial Government- Commercial Government- 
and-contractor and-contractor 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama W W 68 $22. xu. Bec W M: nnus ceed 
6 . aiu 8 57 808 $418 8 JJC 
Arizona.. W 630 182 70 WwW W. 22 eee 
Arkansas 164 190. —8 W W ...-- ...-. 
California 42 $63 3,779 2,819 1,080 1,017 741 801 36 $371 
Colorado W 142 101 10 W 16 14 
Connecticunn 2222-2. 22.2.2 l.l... 413 246 30 20 WwW W 27 16 
Delaware W W -..---. ----- W N eee 
/ ³·’—wi ee t Dir W W 81 50 W WS bose ( 
Georgs qe. EOS 86 /// ues. ems K 8 
IIS SAI zu u z n ę«́ßxdß ] ß ß ĩð ß 8 
IdühO0.-......ca-uvulesevcuee Linus cohen 14 ö; papas 16 87 17 21 
Illinois W W 343 163 W WU (Shek) . oe 
Indiaass W W 1,880 1,201 4 W W uz: ee 
IOWB..: ( 8 W W 1,216 768 41 20 W W 4 1 
Kansnsg 2 W 884 444 23 18 72 DO egas Sansa 
Kentuk////7/7/7/ 2.2.2. ll... 1,449 1,132 ..... ..... 2 F 
Louisiana 62 59 ` tees W AN `. S. ( 
Maine___ ccc Sue ⅛ ͤk 432 155 twee ue 98 74 120 41 
Maryland__ . ods. ----- W NF W „„ 
Massachusetts. 608 287 gees W W 11 10 
Michigan W W $8,956 1,748 747 810 W W 151 58 
Minnesot aaa 707 382 57 25 W Ww 17 8 
Mississippi-..............-. ....-. ....- W Wo sacas- zzz 163 156 22305: 8 
Missouri W W 888 S26) ees. sma 32 42. Loo. eats 
N ĩ˙¹1....¹w aae ---.-- 18 27 264 168 3 5 284 427 
Nebraska. 690 620 8 4 15 IT wit. bees 
%% A see: wed 143 118 8 5 145 259 24 24 
New Hampshire............ ..... -...- 834 579 18 6 45 Bi stasi asss 
New Jersey 1,401 615. ceca, ere 81 OL) Suess aus 
New Mexico. .............- 2 1 80 2l. lec ei ol oes ete 8 2 
New engkeier te Gate ----- 1,118 489 3,070 1,280 684 701 692 889 
North Carolina W W 26 122 259 1 545 178 
North Dakota ----. .--.- 166 179 5 5 EM CE 
Te lel P y ⁊ð v aude, fees 1,478 1,141 26 9 861 801 laaa Less 
Oklahoma Ww W 845 20l...- Leese 248 192 6 
Oregon W W 489 386 1 1 67 88 181 191 
Pennsylvania 28 38 osusi 8 W W 67 171 
Rhode Island__............ .-... ----- 167 TO senko erential W W unl. Tunns 
South Carolina............. ....- ----- W 55 c. tie ar, ume. ius dE 
South Dakota 58 65 1 F 11 6 
Eil; ]ð d m ̃ —mpP̃̃ aaran donss ĩðͤ ß Sees, Gerua 
PORES oo Sc W W 879 648 10 484 546 1 1 
CO ee ee eS W W 83 50 25 19 17 
/ elcexuxc. ees, dde 55 I9- ns ult W W 41 20 
Virginie ec ce 139 56 357 215 41 14 44 DÜ-  uncL.L5dszc 
Washington W W 709 362 23 18 128 146 216 292 
West Virginia.............. -..-. -.-.- W T A We CMS eu m ee 
Wisconsin................- W W 1,525 779 208 79 29 14 124 51 
e . ‘Sede -oeoo W / gaess a . ees 
Undietributed. 446 511 3,809 2,4500 1,851 1,760 ..... ....- 
Total. u ¿urus ls e 681 681 31,818 19,208 7,827 3,997 5,306 5,387 2,615 1,920 
American Samoa........... ..... 2002- l.l... 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
2 Includes unspecified. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1968, 
by States, uses, and classes of operation—Continued 


(Thousand short tons and thousand dollars) 


Sand, industrial (commercial) 


Glass Molding Grinding and Blast Fire or 
State polishing furnace 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama. . ..... .. . . e ¶ W. uz AA duke. Luce W W 
Alaku. sun s eee: Sees. soe abe! ³ðVWWW¹A.•. ↄðx ⁵ ⁵ ⁵0 ⁵ ⅛ ⁰ ⁰ ER 
ee e , , e Salar W W asese) seeks 
Arkansag W WM OA aaan W NN eet 
Celifornig ....---------- 1,078 $5,108 58 $272 T 276 $1,294 W W 
%%% ͥͥ % Ü·—0i¾ ͥ A ⁰ͥ¶ ⁰ ⁰ m (kupus s ꝛð m ̃ W WwW W 
Connecticut... .------------ l.l... e ui (1) E pede! Sooo. eee bibi eee ĩ 
CHE bees: hse Ses. eect ceeds: Siete: waves: lcd uites. Sensu 
Florida. W W W W. pee. ets WwW Wo Lu Guests 
Georgia W W W Wo sete: GSS W N csaba 
E uu ] WAA. ” ĩ h AA aena anaa anina adana Donee 
Idaho .. . . W. W eae a nues W MET wee, eos 
Illinois. .................-- 2,059 4,618 1,088 3,749 W W W W. uude tee 
Indiana W W /f bec WwW W 
JOW8&:: ² ² wbo“ . ͤ UL utere w AW. lucas. oe WwW W ee Sess 
r ß. ß ee Mu W Wo eau eee 
Kentucky. cates y v Beles aeaa used: QD It W W. sass ess 
I!! ee. eats ees, ede, ĩ Mesos W Wo banus cum 
1ſ71ꝰ7bũ- ` see, nn Dadaan AS 
Maryland................. W Wi uic uei W W mnl ei. T1 Bocce 
Massachusetts.........-... -.... ----- W „ 7 5885383838 mea 
Michigan W W 4,129 7,637 (1) W. eee ate 
Minnesota. W W W N 2222 W Wo - eaten 
Mississippi....-......-.-.. ----. ..... WOW ees, Sacau sees 323 efie cee 
Missouri.................- 548 1,498 44 180 W W W W nz aaan 
MOntAne -c SL LL ³ AAA Voces. Bebe: sme exem. LEE 2 8 v eee 
ECV!!! sek, ˙%ͤdd ¶⁰y ³ dd Be Gee. eee ee fk 8 
Nevada. WwW W W r ³o ( sedes W W 
C ³utnkAU!f ²⅛ĩ⅛˙mv.s ⅛˙ i. ⁵ĩ] k 
New Jersee .. ..-..-.- 1,128 4,579 1,857 6,322 ..... 134 718 WwW WwW 
New Mexico......... 7. _.... nd ³ ³ ·¹·0¹u-̃ wide: 1 J 
New York. k. 145 7 ` ³ ³ —T—T—A—T | et 
Niere ↄ /h oasa basos ð K ĩ d dasse AA A psi W CC pete 
North Dakota >- cece. eect: md D ët, ` 26055. souk 
JJV W W 432 2,0117 W W W W 
Oklaboma ......---------- WwW W W W ...-- .---. W W. osica cue 
Oregon Ee, URB . 8 12 F 
Pennsylvania W W 142 421 W W w W 50 171 
Rhode Island.............. ..... ....- W //. ³ꝛ 5m y e Derah., denen 
South Carolina W W W Wo lnc 13 62 W W 
00 D e Bose tok. oie! ]ĩ»25dl. 7⅛ÿxv Soe y deeg see 
enness ee W W 304 1,044 W W W W W W 
Texas. TT W W 139 36668 — 2- W W W W 
»; ß d x sides W Wo e 
Vermon ENEE EE 
Virginia 9860. / c/rhdGͥ d cess. beet Sees 
Washington W W aaan %˙ ] ͤ . vili ood W W. de, ee 
West Virginia W WwW W W. laico Sees W W 84 43 
Wisconsin..............-.-.- W W 812 2,209 ..... ..... 84 122 x 
Wuvomlilg- ied ee Qsoa erudite ] ⅛ yd ĩð ß my . 8 
Undistributed.............. 4,464 15,027 1,282 4,252 551 1,411 700 4,408 886 901 
ot! 9,627 81,868 10, 332 29, 126 551 1,411 1,179 6,679 470 1, 115 
Fei... hd y 
Panama Canal )) ũ ↄ i ðß f k ume. ⁊]ͤ v m Genka lenis. ence 
h ³o¹¹ q ⁰¹ ͥ A mn A dese. zL. tee . 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Less than Le unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1968, 
by States, uses, and classes of operation—Continued 


(Thousand short tons and thousand dollars) 


Sand, industrial (commercial)—Continued 


State Engine Filtration Oil (hydrafrac) Other Ground sand 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 

Alabama.............-.-.- W Jr onu AA W; tee poe 
ATIZONG . cu e ste (1) Sle. Bases Saves W / ĩðᷣͤ ¿Suysa 
Arkansas W We cece. A 8 W W 
California 64 185 W W () W 76 $881 59 3440 
Colorado W W // ! T Darau. 
Connectic uin W JJ ` deht Saun AUSG SERE 
elaegre. 2 Z//! ĩð 
Florida W W W Wo edes ce W W W W 
eorg ia W W W AT ebd W W W W 
CCC ³˙¾iꝛiA1. ꝛqͤ¹ʃDů n. oN ³ꝛ!e ¾˙—˙⁰uu . dud 4 FB 
I.. y W N So (1) W W W 
Illinois W W W W W W W W W 
Indiana. W MV rut uice mu E datu W W W W 
OW f y aan veu e. wer ⁊ ri Lu ͤ Mesa: ᷣ m 8 
Kansas 22 dt, ux WwW W W 7 6 
Kentuckù/ßx/æ .. .. . .- 8 107 Satz. ¿S W W W W 
Louisiana W W W W W NN Gades W W 
Maine oo 8 W N edades vacates (1) Wo oade deu 
Maryland u o r eee ARRS, neo. secs: K Bake. Ona w N ues 
Massachusetts. 8 ) ³ð F ²˙1bn 8 
Michigan W W. Scent x vette W W W W 

Minnesota W NS sedus W W P cedes W 
JJ sS e “Webs. Seite tees Users Wasa. Gasen du C ceder. ELE 
Missouri W W WwW NP Sus W W 
Mell ⁵ ³ d ³ðW—A l « ² xꝝ geese d 
Nebraska, s ul. ¿S “ ẽip x — usées 1 l. olas. deus 
EE H TEE rKg ⁊ð . Geos. osi enc o eid Le. W W^ gie Jew 
New Hampshire W W W JJ! ͤᷣͤùwdddJddſ Se wees 
New Jerseĩyy W W W W sz. esu 184 877 188 1,818 
New Mexico 8 M iN. Gee Eee Ween EE 
New York W 42 SG A W W W 
North Carolina............. ..... -=a W We cusso- anecs, ĩ] ⁵ A ³ AA 8 
North ßꝙã /d. f wees! Weiss 
Ose dee 8 W W W Nö; rit und W W W W 
G 2s ocu eu eege, ẽœUlrrr ] ĩÜAA ³ ³ 8 W WwW W 
Oregon W W. eke. Gomes eet duci W p Mc m 
Pennsylvania W W W M^ ses luxum 148 424 W W 
Rage 2: 2 SS ⁰¶¶ ⅛⁰»mr ↄðx e ͤ ͤñ(ẽ . ⁵ d ð ß 
South Carolina W W W WWW cence W W 99 687 
San; ⅛ ` eege, aos ⁵ð ð⸗ ] ÜWÜ¹A .. ðO- / cowie Uus: ed 
Tennessee W We tec ˙ AA . idu eee W W W 
exas..__ ]ĩð2ꝛ ⁵ðͤ K ie W W W W W W 222 423 W W 
PAFfff˖‚«o« h eet W JJ! ` Set d W W 
Vermont W JJ eles: See ò ĩVu. 8 
ien See AE W W () W. xc Seed W W W W 
Mashingtohn....-2:.-5z2u em ] ꝗ ↄ ù VU . ! kf y les. Diba Re. 8 
West Virginia W W (9 NN ousia W W W W 
Wisconsin-............-.-. W W W WwW W W W W () Ww 
W VOMING@ CIL aa ] ͥͥ ðx er idee. Cos ͤ ͤ d ß "arbi. Soe: abs 
Undistributed.............- 788 1,663 162 630 258 $2,030 1,531 4,735 1,045 9,287 
Total... el 882 1,907 212 709 258 2,030 2,166 6,809 1,848 11,7388 
American Samoa. u. u llu. cece w---— ę TT 
Panama Canal Zone. ⁵ͤ ꝗ ⁵ ðx d ⁵⁵ :. ð ³ ͤ Sense. ieee. hace 
Fer ↄ ꝙ yd ĩðͤ edie ⅛ð2 ³˙ A ⁰yyyͥ y Ee 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Less than 1⁄4 unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1968, 
by States, uses, and classes of operation—Continued 


(Thousand short tons and thousand dollars) 


Gravel, construction 


See Building Paving 
Commercial Government-and- Commercial Government-and- 
contractor contractor 
Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama...............- 2,219 $2,996 ....... ....... 1,129 $1,260 8 4 
Alaska... . uoce ARE 8 218 562 $461 1 289 1,086 1,278 
Arizona. 2, 269 2,951 600 601 1,510 1,888 2,908 2,756 
Arkansas..............-- 1,263 2,087 2 2 5,185 5,685 ,6 1,886 
California 25,335 988,214 44 48 80,41 37,419 10,513 12,809 
Colorado 2, 555 8,699 22. ess 5,427 6,779 8,67 8,632 
Connecticut 1, 504 00 uw iex 886 1,089 83 8 
Delaware 147 211A . Qusa s 704 S34) ¿SOS ß 
Florida.................- W J tee, Më EE, aene douuqua S 
Georgia W J! ͥͥͤ EE cco, 
Hawaii 111 288 Zeene 8 10. t ͤ ö 
Idaho 480 658 4 7 1,057 1,086 8,747 4,987 
Illinois 9,118 9,022 11 6 10,998 12,256 674 418 
Indiana................- 8,369 C6700 ¿usss 7,770 8,628 849 487 
I / · 1,268 I E EEN 5,600 4,569 2,182 1,876 
` KEE 259 ps AES 1,678 1,742 820 688 
Kentucky...............- 755 M -...... W 129 187 
Louisiana 8,575 11,821 ....... ....... 4,042 6,485 208 150 
Maine 1 o AA 931 1,026 8,567 8,501 
Maryland..............- 2,587 a 2 1,802 1,996 182 93 
Massachusetts 2,801 4,470 ....... .....-- 8,064 8,589 8,354 8,124 
Michigan 6,425 9,727 21 11 18,666 16,915 4,758 2,759 
Minnesota... 8,664 5 8000 ͤ́ 23,951 17,128 5,420 8,475 
Mississippi... 2,593 S40: castor. Ee 4,426 5,177 820 147 
Missouri 2,127 2,780 _...... naaa 1,716 2,070 52 51 
Montana 508 166 18 5 1,090 918 8,858 2,054 
Nebraska. 1,227 M268: «Lcx: coc 6,098 6,641 769 658 
Nevada. 897 BAG: 2-7 ozzemee 1,088 1,284 8,617 8,618 
New Hampshire 822 T1908? 22.20.23 jee 1,018 1,158 2,050 854 
New Jersey.............. 2, 785 / AA ` Zeene 1,718 1111 Oenes 
New Mexico 915 1,496 124 155 1,874 1,849 8,440 7,229 
New York..............- 4,693 1.1686 u... wx LL. 4,531 5,284 6, 552 7,148 
North Carolina 1,172 J asas 1,425 1,724 655 672 
North Dakota ...--.--- 441 899 28 28 2,131 2,915 8,830 2,795 
G ³o·¹ 8 8,301 10,141 nei 14,980 19,412 285 141 
Oklahoma............... 1 282 8 5 4 7 865 800 
Oregon 2,957 3,442 219 289 5,984 7,172 2,754 4,079 
Pennsylvania 3, 599 p. 921. A ¿22225 8,867 5,824 
Rhode Island. ........... 590 BIO. socso eerte 825 777 A aauneon 
South Carolina W J7JJ§öÜ; — See WwW NG; 
South Dakota 220 S ls. usc 1,795 1,808 6,983 6,847 
Tennessee 692 988 1,426 1,8 618 485 
KEE 7,807 11,869 25 82 6,788 9,114 8,547 8,026 
Utah... oo zwei cmducus 1,074 1,012 154 181 2,051 2,061 8,653 8,045 
Vermont! 409 586 15 3 519 687 856 862 
Virginia. 1, 806 IIC ( 1,984 2,769 18 
Washington 4,429 4,917 2 6,917 6,947 5,544 4,888 
West Virginia 1,872 e Lee 894 1.400 c. mx 
nsin- 4,074 9,858. 2.2 aei 18,754 11,167 7,767 4, 698 
Wyoming 198 280 8 5 2,240 2, 530 2,788 2,8 
Undistributed............ 1,652 8,284 ....... ....... 1,092 1.918. -...- ocea 
Total...........-- 132,363 180,891 1,830 1,841 215,014 285,094 121,898 108,808 
CJ%%%%%00%00õ , DVVVVVV)J. usa. d 8 
FU ⁵³⅛ v è d ³·Ü¹m1A1AIꝓ / ¶⁰¶ðA a /d f K quete: 
Puerto HRieo ---- 2, 798 5, 336 5 10 3,852 5,488 888 468 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1968, 
by States, uses, and classes of operation—Continued 


(Thousand short tons and thousand dollars) 


Gravel, construction—Continued 


Railroad Fill Other 
ballast |———————————————— —————————————————— Gravel 
State (commer- Government- Govern- miscellaneous 
cial) Commercial and- Commercial  ment-and- (commercial) 
contractor contractor 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity tity 

Alabama W W W Nö Gss W W 2s W W 
Alaska 7 35 1,246 3854 18,278 $15,636 .... ..... 3 1 $3 
Arizona W W 1,174 707 115 112 W „„ W W 
Ar ans ass RR uice 130 105 196 98 W We zc Qucm W W 
California 85 102 1,218 1,170 4,802 3,040 1,056 $1,225 145 $155 318 520 
Colorado 97 180 312 254 985 671 290 346 9 6 95 112 
Connecticut. 1 1 712 342 98 69 58 588. 140 189 
Delaware „„ 80 80 _.... aaan W W.  2ee2 W W 
Florida.. %% ĩ ĩV⁊4 / ᷣͤ ete “ances Eure we JT 
Georgia EE WwW NN Shoe NONEM bust ote) Geeks. Vicio 
Hawaii. ) ⁵ĩõ ð 88 3 J ede tei 
Idaho............- W 128 181 288 170 80 286 16155. 
Illinois 152 157 1,857 934 1 1 11 J; ce unio Se 
Indiana W 2,062 1,359 4 W Wo oe 8 
IS nac W W W 1 (J) Ems. E uud. eee: wines. "ae 
5 5 10 12 1 (9 167 .... .... 88 9 
Kentucky........- 55 154 189 ..... .....- A 3 W W 
Louisiana. 55 177 250 0ö; an ee /; A rho 2s: 

Maine 284 125 5 2 W Wo LOS W 

Maryland......... 8 W 7 ³ AAA aware Se ` GE W 
Massachusetts 1 22 920 551 120 200 769 615 
Michigan W 898 298 801 134 W 1 () 353 
Minnesota 405 252 954 426 142 58 12 3 . 
dësen, A ee 57 28 W “OW unes ------ 204 297 .... .... 114 155 
5 Eod eta 83 I9 sc. “—Iöl 28 eaen 97 118 
Montana 127 189 204 151 209 175 80 149 589 868 ʻa. naa- 
Nebraska W 177 210) sede eke W W .... -... 268 271 
Nevada 3 6 358 335 36 30 6 16 4 247 485 
New Hampshire.... .... .... 156 TI usco, ongida 47 44 .... .... 246 204 
New Jersey.......- Se See 880 256 i 8 W W ze ---- W W 
New Mexico ecran uites 21 16 29 16 1 1 14 17 
New York . W W 2,541 1,545 4,858 3, 072 W W 57 22 348 375 

North Carolina W W „ W W iln ---- W 
North Dakota 174 59 98 1 d)! cits EB ers: eee 60 66 
oo W 2,168 1,862 W W W W W W 428 590 
Oklahoma iur. dees W W 2a. ae W W. unc. ce ommo ` unie 
Oregon W W 704 462 109 68 414 461 2,295 2,151 .... .... 
Pennsylvania W W 878 214. 1. adous 115 116 20 59 W W 
Rhode Island 5 159 129 sacas 6 W W unl ---- W W 
South Carolina..... WwW W WwW AW uiau Veeck 5 535 tek, EE 

South Dakota...... Jesa fuis 139 110 cusces ty uc Abk. Natu 48 
Tennesse W W 30 22 50 50 W W eee W W 
Texas. e 888 261 42 26 575 948 .... ..-- 12 19 
Utah 5 6 442 225 292 lil ege, sasa 1 1 78 19 
Vermont.........- Eris s 518 9074 . ice Boe W „„ W W 
Virginia Sien ` éieren W W. oc: mossan w W W W 
Washington W W 1,885 1,208 6,371 3,771 584 658 410 4222 
West Virginia W W W W aaan ------ 1 77 ĩ ði(kx K 
nsin......... 192 114 1,672 852 558 279 12 B uoo ed terra. t yasa 
Wyoming 446 162 1,289 660 30 28 5 888 bee 81 94 
Undistributed 3 596 700 1,928 948 47 21 2,271 2,781 69 80 1,825 3,129 
Total 2,417 1,988 26,898 17,211 82,887 27,679 5,961 7,535 8,984 3,972 5, 202 7,149 
American Samoa... .... .... ..... ¾ ³ „ . eh! eke mut LLENO 

Panama Canal 

one nrc ¿TDS ien ` ee" e - Z t 
Puerto Rico 55 785 679 860 DOT. uu sca TCR TUE ER 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Less than 1$ unit. 
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Table 5.—Sand and gravel sold or used by Government-and-contractor producers 


in the United States, by uses 


(Thousand short tons and thousand dollars) 


Sand 
y Building Paving Fill Other 
ear —— m ——————— —ä—j6 - 
Quantity Value Quantity Value Quantity Value Quantity Value 
D Los 950 $1,401 94,262 $26,999 6,335 $2,935 1,811 $882 
19685... ze 816 328 87,460 29,695 14,824 7,112 2,722 2,038 
1966...........- 808 943 87,087 29,702 12,920 8,430 1,663 927 
1961... ss 660 800 738,900 731,918 11,747 8,737 2, 788 1,836 
1968...........- 819 893 85,550 27,297 7,327 8,997 2,615 1,920 
Gravel Total Government- 
——————————————————————————  and-contractor 
Building Paving Fill Other sand and gravel ! 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
1969 .. 8,515 $3,946 163,872 $189,297 35,870 $18,030 772 3551 247,387 $194,041 
19655; 8 1,297 1,028 149,111 133,800 45,143 35,410 1,292 1,847 252,165 210, 758 
196 2,869 3,131 158,709 134,180 39,298 29,268 1, 530 1,441 254,884 208, 022 
19617. 22s 863 1,0747154,017 133,462 26,145 21,500 4,874 4,062 r 289,444 r 203,362 
1968............ 1,830 1,841 121,893 103,803 32,837 27,679 3,934 3,972 206,805 171,327 
r Revised i 


1 Data may not add to totals shown because of independent rounding. 


Table 6.—Sand and gravel sold or used by Government-and-contractor producers 


in the United States, by types of producer 


(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 


Type of 
producer Quantity 


Construction 
and main- 
tenance 
Gregwg. 64,820 
Contractor 182,567 
Total I.. 247,387 
States. 157,136 
Counties 60,764 


Municipalities. . 3,363 
Federal 


Value Quantity Value Quantity Value Quantity Value Quantity Value 


$41,451 62,822 $39,611 67,163 $43,821 68,655 844,903 62,939 $42,146 
152,590 189,343 171,147 187,721 164,201 * 170,789 r 158,477 143,866 129,176 


194,041 252,165 210,758 254,884 208,022 r 239,444 r 203,362 206,805 .171,827 


— =F sn. mna — rs “cF H— 


130,651 159,758 144,287 150,304 131,921 r 149,843 r 135,372 125,627 108,980 
41,151 59,730 40,987 60,966 41,973 60,004 41,390 53,087 38, 408 
2,500 3,278 2,343 2,916 2,576 3,001 2,202 4,200 3, 208 


19,739 29,399 23,141 40,698 31,552 26,596 24,398 23,891 20,781 


194,041 252,165 210,758 254,884 208,022 r 239,444 r 203,362 206,805 171,927 


agencies 26,124 
Total !____ 247,387 
r Revised. 


1 Data may not add to totals shown because of independent rounding. 
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Table 7.—Sand and gravel sold or used by producers in the United States 
by classes of operation and degree of preparation 


(Thousand short tons and thousand dollars) 


1967 1968 
Quantity Value Quantity Value 
Commercial operations: 
Prepared ß e NL 609,039 $743,462 649,825 $810,246 
ee ß e enan 58, 562 34, 902 61,109 38, 688 
I ³ðV. i 8 667,601 718,364 710,934 848,934 
Government-and-contractor operations: 
Prepared- os nl . bg Du ded Ee Md r 181,120 7 160,841 160,663 137,922 
e ⁵ð⅛ᷣ 8 r 58,324 r 42, 539 46,142 83,407 
NC EH r 239,444 v 208,380 206, 805 171, 327 
Grand total JJ)jʒj .... r 907,045 1 981,726 917,739 1,020,336 


r Revised. 
1 Data may not add to totals shown because of independent rounding. 


Table 8.—Number and production of domestic commercial sand and gravel plants, 
by size of operation 


1967 1968 


Annual production Plants ! Production Plants ! Production 
(short tons) 


Number Percent Thousand Percent Number Percent Thousand Percent 


of total short tons of total of total short tons of total 

Less than 25, 000 2,609 41.3 26,032 3.9 2,404 98.2 25,361 3.6 
25,000 to 50,000...... 949 15.0 35,164 5.3 1,026 16.3 38,263 5.4 
50,000 to 100,000... 1,016 16.1 74,142 11.1 1,039 16.5 76,197 10.7 
100,000 to 200, 000 804 12.7 115,065 17.2 854 13. 5 122,397 17.2 
200,000 to 300,000 400 6.3 96,901 14. 5 420 6.7 102, 490 14.4 
300,000 to 400,000 201 3.2 69, 570 10.4 168 2.1 58,655 8.8 
400,000 to 500,000 101 1.6 45,129 6.8 127 2.0 56,645 8.0 
500,000 to 600,000 67 1.1 36,928 5.5 80 1.3 43,979 6.2 
600,000 to 700, 000 32 .5 21,053 8.2 45 d 29,441 4.1 
700,000 to 800, 000 36 .6 26,852 4.0 19 .9 14,483 2.0 
800,000 to 900, 000 25 4 21,300 3.2 30 5 25,479 3.6 
900,000 to 1,000, 000 20 .9 19,056 2.9 18 .9 17,063 2.4 
1,000,000 and over 55 9 80,409 12.0 66 1.0 100,481 14.1 
Totaal 6,315 100. 0 667,601 100.0 6,296 100.0 710, 934 100. 0 


* Includes a few companies operating more than 1 plant but not submitting separate returns for individual 
plants. 
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Table 9.—Sand and gravel sold or used in the United States, by classes of 
operation and method of transportation 


1967 1968 


Thousand Percent Thousand Percent 
short tons of total short tons of total 


Commercial: 
Trück EE 573 , 765 63 616,956 67 
)õõͤõĩõĩͤtðm ð i . D ⅛ kf v. E a E 57, 799 7 58, 405 6 
%öõĩ˙ê¹ê[t⁶iĩ ⅛˙¼ 'ẽ] :...... ĩ%ð e k 32, 979 4 34, 294 4 
Unspeeified.. U... oe 3,058 (1) 1,279 (1) 
Total commercialkkdkßklũktſ LLL . ... 22222 667,601 74 710,934 71 
Government-and-contractor: Truck 2.___ 2l... c c... r 239, 444 26 206, 805 23 
Grand total: ull u eee ee ae r 907,045 100 917,739 100 


r Revised. | 
1 Less than 0.5 percent. 
2 Entire output of Government-and-contractor operations assumed to be moved by truck. 


Table 10.—Ground sand sold or used by producers in the United States,’ by use 


(Thousand short tons and thousand dollars) 


1967 1968 
Use —  — -A 

Quantity Value Quantity Value 
ERR Eeer E LE aso 802 $1,844 179 $1,733 
LN ME 39 377 96 535 
Enamel u uz sur uui x a 12 132 13 143 
)j [7 A ENIRO CER 2 kus 120 1,061 117 988 
Foundry dd 140 1,115 188 1,141 
EE EE 334 1,337 207 1,357 
Pottery, porcelain, tile 256 2,580 258 2,708 
IR WEE 287 2,537 295 : 

· . ⁵³ðD T a 1,490 10,983 1,348 11,788 . 


1 Arkansas, California, Florida, Georgia, Idaho, Illinois, Indiana, Kansas, Kentucky (1968 only) 
Louisiana, Maryland (1967 only), Michigan, Minnesota, Missouri, New Jersey, New York, Ohio, Oklahoma, 


Pennsylvania, South Carolina, Tennessee (1968 only), Texas, Utah (1968 only), Virginia, West Virginia, and 
Wisconsin (1968 only). 


Table 11.—U.S. imports for consumption of sand and gravel, by class 


(Thousand short tons and thousand dollars) 


Sand, n.s.p.f., 
Glass sand ! crude or manufactured Total 
Year and gravel 


Quantity Value Quantity Value Quantity Value 


9 m ee 18 $95 631 $811 649 $906 
1964. 5. 5:22: ⁰⁰ A 44 159 588 753 632 912 
. A E 25 144 729 984 754 1,128 


1 Classification reads: Sands containing 95 percent or more silica and not more than 0.6 percent oxide 
of iron and suitable for manufacturing glass.” 
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Silicon 


By John W. Thatcher ! 


Production of silicon metal increased, 
as two large electric smelting furnaces in- 
stalled late in 1967 reached full design 
capacity. Production of specialized silicon 
alloys also increased and several new addi- 


tives were marketed which were tailor- 
made" for specific jobs in steelmaking. 
Sales of silicon transistors increased and 
silicon demand for this use was more than 
double that for germanium. 


DOMESTIC PRODUCTION 


On a gross weight basis, net production 
of ferrosilicon was essentially unchanged 
from 1967 while production of silvery pig 
iron decreased 7 percent. The ratio of pro- 
duction of ferrosilicon to silvery pig iron 
has gradually increased from about 1:1 
in 1961 to 3:1 in 1968, reflecting both the 
increasing demand by steelmakers for 
specialized raw materials and the growth 
of electric furnace smelting technology. 

Looking at the individual ferrosilicon 
grades, the production of nominal 50-per- 
cent ferrosilicon in 1968 changed little 
from the level maintained since 1964. In 
the period 1961—64, annual production of 
this grade had doubled. The production 
of 65-percent ferrosilicon, used mainly for 
producing electrical sheet steel, decreased 
31 percent in 1968 from that for 1967, 
while the production of 75-percent ferro- 


Table 1.—Production, shipments, and 


silicon, which has shown steady growth 
since 1962, increased 13 percent over that 
for 1967. The production of 85-percent 
ferrosilicon dropped somewhat in 1968, 
but was still close to the trend line which 
shows a fivefold growth since 1961. The 
production of 93-percent ferrosilicon con- 
tinued to decline in 1968 but not as sharply 
as in the period 1961—65. Silicon metal is 
replacing this alloy in many applications. 
The production of ferrosilicon briquets, 
which are used mainly in cupola operations, 
had increased yearly until 1964, but since 
that time has shown no distinct trend, 
fluctuating in the range 61,000 to 76,000 
tons per year. The growth in production 
of miscellaneous silicon alloys has been 
particularly noteworthy, increasing from 


1 Physical scientist, Division of Mineral Studies. 


stocks of silvery pig iron, ferrosilicon, 


and silicon metal in 1968? 


(Short tons, gross weight) 


Alloy Silicon Producers’ Producers’ 
content stocks as of Production Shipments stocks as of 
Type (percent) Dec. 31, Dec. 31, 
1967 1968 

Silvery pig Iron... 5-20 r 50,739 208 , 867 287 ,470 19,265 
Ferroeilieon e +2. -- 21-55 r 50,988 852 , 883 870,938 81,944 
JJ)! 8 56-10 r 5,406 16,80 17,994 ,992 
Do. E 71-80 17,127 95,249 98,495 12, 788 

8. se coteseewone 81-89 4,283 88,076 84,53 157 
PJ) aa SSS putu Z i 90-95 391 724 616 121 
Silicon metal -2-2-2-0 96-99 5, 856 96,261 97,287 4, 853 
Ferrosilicon brique ts 40-50 4,610 64,900 66,471 2,111 
iscellaneous silicon alloy. 4,795 ,08 30, ' 622 5,411 


r Re 


1 Excludes ferrosilicon used to make other silicon alloys. 
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Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1968 


Producers 


Air Reduction on Inc., Airco Alloys and Carbide Calvert City, K) 


Division. 


Calumet & Hecla, Ine... occ ee ecu 
Chromium Mining and Smelting Cord 


Foote M ineral Co 


The Hanna Furnace Cor 
Hanna Nickel Smelting Co... 22-22- ------ 
Imperial Metals & Abrasives 
Interlake Steel Cord 
Jackson Iron A Steel Coo 
Kawecki Chemical and Berylium Co................ 
Ohio 5 hh; muu ha duet 


Reynolds Métal e EEN 
Tennessee Alloys Cor 
Tennessee Metallurgical COOoOo 
Union „ Corp., Mining 4 Metals Division. .... 


G ³ ¹WWWA AAA ˙o˙àV WWWWWh;:heũ—e S wees 


Plant location Product 

FeSi. 

Charleston, S. CCC... Do. 

Niagara Falls, N.Y ....... FeSi, silvery iron. 

Selma, Ala eSi. 

Woodstock, Tenn......... Do. 

Graham, W. Va FeSi, Si. 

Keokuk, Iowa FeSi, silvery iron. 

Vancoram, Ohio FeSi. 

Wenatchee, Wash. ......- FeSi, Si. 


Buffalo, N. Y Silvery iron. 


Riddle, Oreg............. FeSi. 
Centralia, Wash FeSi, silvery iron, Si. 
Beverly, Ohio Do. 
Jackson, Ohio Silvery iron. 
Springfield, Oreg........- FeSi. 
Brilliant, Ohio FeSi, Si. 
Philo, Ohio Do. 
Powhatan Point, Ohio Do. 
Tacoma, Was Do. 
Sheffield, Als ----.------ Si. 
Bridgeport, Als... FeSi. 
imball, Tenn........... Si. 
Alloy, W. va FeSi, Si. 
Ashtabula, Ohio—- FeSi. 
Marietta, Ohio 1 Do. 
Portland, Oreg Do. 
Rockwood, Tenn Do. 
Sheffield, V Do. 
Woodward, AB c2 Do 


6,000 tons in 1961 to 31,000 tons in 1968. 
In addition to iron and silicon, these alloys 
contain one or two of the following ele- 
ments: Aluminum, barium, boron, calcium, 
cerium, magnesium, manganese, titanium, 


and/or zirconium. Changing steelmaking 
technology and the demand for high- 
performance iron and steel products have 
stimulated the production of these special- 
ized ferrosilicon additives. 


CONSUMPTION AND USES 


The consumption of silvery iron in 1968 
decreased from that of the previous year 
while the consumption of ferrosilicon and 
silicon metal remained essentially un- 
changed. A small but possibly significant 
increase in the use of silicon metal in 
carbon steel castings was noted. A trend 
in this direction, coupled with the antici- 
pated growth of continuous cast carbon 
steels, could result in a significant new use 
for silicon metal in the future. 

Several new silicon alloys were developed 
for steelmaking and foundry operations 
during the year. A new 50-percent grade 
of ferrosilicon, called Hard-Cast' and 
claimed to generate almost 60 percent less 


fines on handling, was introduced by Union 
Carbide Corp. Two new deoxidizers were 
also marketed by the company: ‘‘Calsibar,” 
a barium-calcium silicon alloy that is less 
reactive when added to steel, allowing 
improved calcium efficiency and more con- 
sistent inclusion control; and “Hypercal,” a 
patented  calcium-barium-silicon-aluminum 
alloy that modifies aluminum-formed inclu- 
sions thus improves ductility, toughness, 
fatigue resistance, and surface condition of 
wrought and cast steels. A new cerium- 
bearing magnesium-ferrosilicon was also 
introduced that is claimed to give better 
ductile-iron structures at a lower cost. 
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Table 3.—Consumption by major end uses, and stocks, of silicon alloys and metal 


in the United States in 1968 


(Short tons) 
Silicon High speed Alloy Cast 
Alloy and metal content and Stainless (excluding Carbon irons 
(percent) tool stainless) 

Silvery pig iron...............- 5-20 .......-.- 5,851 15,335 133,417 
Ferrosilicon (includes briquets)... 21-55 1,481 16,280 84,300 109,086 169,597 
P); 56-80 344 ,918 33,125 32,444 18,413 
P). ˙·wm ⁰ suu 2 222 81-95 11 176 1,385 W 7,817 
Silicon metall 96-99 w 42 1,602 w W 
Miscellaneous silicon alloys 111. 46 284 4,731 13, 446 56,039 
Ke ⁵³ 1, 882 23,095 80, 994 170,311 884,783 
Nonferrous Electrical Chemical Miscellane- Stocks 

alloys materials and ceram- ous and un- Total ec. 3 

; ie uses specified 1968 
Silvery pig Iron... W 3,215 713 158, 531 17,364 
Ferrosilicon (includes briquets)... 384 183 1,357 17,735 350, 403 29, 643 
PA 373 _........ 915 699 92,626 8,631 
O = apayan SES 1,841 85 1,211 11,976 1,756 
Silicon metall. 89,094 835 20,498 2,086 63,607 5,361 
iscellaneous silicon alloys 1. 960 aaae- W 6,244 81,750 4,597 
rtr ceeds 42,652 8 26,020 28,638 758 , 893 67,352 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and un- 


specified.” 


1 Includes calcium-silicon, calcium-manganese-silicon, silicon-manganese-zirconium, Ferrocarbo (including 


briquets), Alsifer, and other miscellaneous silicon alloys. 


PRICES 


The price of the 50-percent grade of 
ferrosilicon, which had remained at 13.1 
cents per pound of contained silicon since 
the second quarter of 1966, was raised, 
effective April 1, to 13.5 cents f.o.b. ship- 
ping point, freight equalized to nearest 
main producer, carload lots, lump, bulk. 
Announcements of a further increase in the 
price of this grade to 13.8 cents per pound 
of contained silicon, same basis, effective 
January 2, 1969, were made by two major 
producers at yearend. Price increases, effec- 
tive January 2, 1969, were also announced 
for ferroaluminum-silicon, silicon briquets, 


FOREIGN 


Net trade in ferrosilicon, unfavorable to 
the United States in 1966 and 1967, was 
reversed in 1968 despite a surge of imports 
late in the year. Total value of ferrosilicon 
exported exceeded total value of that im- 
ported by about $1.3 million. Canada and 
West Germany each took 36 percent of the 
exports; the United Kingdom took 17 per- 
cent; Sweden, Mexico, Turkey, and Aus- 
tralia combined took,9 percent; and 14 
other countries took the remainder. There 


silicon-manganese-zirconium alloys, cal- 
cium-silicon, and zirconium-silicon. 

The price of metallurgical grade silicon 
metal, which had remained since 1966 at 
18.05 cents per pound of contained silicon, 
f.o.b. producer's plant, was raised 0.5 cent 
per pound of silicon across the board for 
all grades and sizes effective October 1. 

In the third quarter, Dow Corning 
Corp., Midland, Mich., announced a 10- 
percent price increase for high-purity sili- 
con metal to be effective September 17, 
and a 5- to 7-percent price increase on 
silicone fluids and emulsions to be effective 
September 23. 


TRADE 


were no reported U.S. exports of ferro- 
silicon to Japan. 


Table 4.—U.S. exports of ferrosilicon 


Year Short Value 

tons (thousands) 
199r⁵ mew. 5,812 $2,004 
19 W 2 11,774 3,228 
. 18,372 4,481 


1000 


Imports of the 60- to 80-percent grade 
of ferrosilicon, which had reached a record 
level of 15,585 short tons in 1967, dropped 
48 percent in 1968 resulting in a 28-percent 


decrease 
imports. 


in value of total ferrosilicon 


Imports for consumption of high-purity 


silicon, which were 42,357 pounds in 
increased slightly to a new record 


1967, 
high 


of 42,390 pounds in 1968. Total value de- 


MINERALS YEARBOOK, 1968 


creased 19 percent from that for 1967, 
and value per unit of weight dropped from 
$50.20 per pound in 1967 to $40.49 per 
pound in 1968. Percentage contributions 
on a weight basis were West Germany, 
88.5; Japan, 7; Switzerland, 2.3; Belgium- 
Luxembourg, 2.1; and the remainder from 
Denmark, United Kingdom, and Italy, in 

that order. 


Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 


by grades and countries 


1966 


Short tons 


— — ue 
Gross Silicon (thou- 
weight content sands) weight content sands) weight content sands) 


1967 


Short tons 


——— Value 
Gross Silicon (thou- 


1968 


Short tons 


— Value 
Gross Silicon (thou- 


FERROSILICON 
8 percent and less than 60 percent 


silicon: 
Chadi- — — —Ó 14,121 
e Sosa u 488 
Germany, Wess 949 
Japan... ⁵ ð ñ3 2,321 
Norxwayoõ·eee 9 ----- 
f! 17,874 
60 percent and not more than 80 
percent silicon: 
IATA a 3, 867 
Germany, West 2,416 
Greet cise oe Arth A 
(ET, TEEN 
Norxw-way ee 5,018 
Portugal eege, use 
Rhodesia, Southern 
South Africa, n. ee 
South Africa, Republic of 901 
Str ³ð6W³ ; 
Wügesase isses cee (aed 
er!! ĩð A sue uz sz 12,197 
Over 80 percent but not over 90 
percent silicon: 

e eL 55 
r ĩ v 8 224 
Norway_..... 8 55 
South Africa, Republic oz. 

, iua RRN 334 

Grand total 30, 405 

SILICON METAL 

Canada. u uu Du ee ats 1 439 
Italy c.c a m () 
E EEN 
Norway.....-..--..-.-...--..-..2-- 86 
%%% ˙⁵³¹¹ ⁰ na d 55 
Vugosla via 

S §«;ð—B h 8 1, 580 


1 Less than 14 unit. 


8811 10, 215 


1,849 14, 563 


1,011 
797 


5,493 
' 887 


1,846 
116 
242 
1,265 
247 


8,716 


$621 12,419 
67 854 


144 
698 
180 


281 
3,459 
1 


1,710 16,514 


336 


2,608 
1 


288 
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WORLD REVIEW 


Canada.—Industrial Minerals of Canada, 
Ltd., Toronto, a subsidiary of Falconbridge 
Nickel Mines Ltd., announced in July the 
purchase of the Killarney silica property in 
the Georgian Bay area from Union Carbide 
Canada Ltd. The mine and crushing plant 
at Killarney will be operated in conjunc- 
tion with a new open-pit, high-grade silica 
mine which Industrial Minerals will de- 
velop on adjacent Badgeley Island. The 
crushed silica will be shipped directly to 
ferrosilicon and silicon metal producers, 
and to a new $1.5 million grinding plant 
which will be built by Industrial Minerals 
at Midland, Ontario, 120 miles from Kil- 
larney. The entire $3 million development 
program is expected to be completed in 
early 1970. 

Silica production in 1968 was 2.6 mil- 
lion tons valued at $6.5 million; the volume 
of production was slightly higher than in 
1967 and the value was 17 percent higher. 
Most silica production was in the form of 
low-grade lump silica and low-grade sand 
utilized as metallurgical flux. The search 
for high-quality silica deposits continued in 
1968. 


Japan.—The shortage of ferrosilicon sup- 
ply was eased somewhat in 1968 as several 
calcium carbide chemical plants, unable 
to compete with petrochemical plants for 
a shrinking carbide market, began convert- 
ing furnaces to the production of ferro- 
silicon. Reports from London indicate 
Nippon Carbide Industry will produce 
6,000 tons of ferrosilicon per year in a 
15,000-kilovolt-ampere furnace at its Uozu 
calcium carbide plant. Reports also indicate 
that the calcium carbide producer, Ube 
Kosan, will install a second 15,000-kilovolt- 
ampere furnace which will triple its pro- 
duction of silicon alloys at startup in mid- 


1969. 


Norway.—Norway solidified its position 
as the world’s third leading ferrosilicon 
producer by increasing production in 1968 
to 385,000 short tons (45 percent Si). This 
68,000-ton increase over 1967 production 
was due principally to the installation of 
a new furnace at the Salten Verk smelter 
of Elektrokemish A/S in northern Norway. 
In addition to the ferrosilicon production, 
there were 6,600 tons of ferrosilicon bri- 
quets; 5,960 tons of silicochrome; 150,000 
tons of silicomanganese; 46,500 tons of 
silicon carbide; and 15,500 tons of silicon 
metal produced in 1968. 

A/S Ila og Lilleby Smelteverker installed 
a third furnace at its Holla Smelteverk, 
Sagoren, Norway, which brings the capac- 
ity of that plant to 50,000 tons of 45- 
percent ferrosilicon per year and estab- 
lishes the company as the third largest 
producer of ferrosilicon in Norway. 


South Africa, Republic of —A new com- 
pany, Heavy Media Materials (Pty.) Ltd. 
(HYMAT), was formed to produce atom- 
ized, spheroidized, and milled ferrosilicon, 
all of which will be used in the heavy 
media separation process in mineral extrac- 
tion. The major partner in the enterprise 
is African Metals Corporation, Ltd. 
(AMCOR), with 52 percent of the share- 
holdings. The South African Iron and 
Steel Industrial Corporation (ISCOR) has 
a 22-percent interest and Fabwerke Hoechst 
A.G. of West Germany, a 26-percent in- 
terest. AMCOR will build and operate a 
plant at Kookfontein which will have an 
initial capacity of 3,500 short tons per year 
of atomized, 15-percent ferrosilicon. In 
addition to supplying the growing South 
African demand, it is expected that 
HYMAT will be able to export this mate- 
rial, which is of particular use in iron ore 
and diamond ore beneficiation. Sales will 
be handled by Hoechst South Africa (Pty.) 
Ltd. 
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Silver 


By J. Patrick Ryan ! 


Domestic mine production of silver, al- 
though slightly more than in 1967, was 
depressed for the second consecutive year 
by the copper strike which continued 
through the first quarter. Strong specula- 
tive and investment demand with wide 
fluctuations of price, which reached a 
record high in June, were salient features 
of the silver market in 1968. The U.S. 
Treasury continued the ban on private 
melting of coins, terminated the redemption 
of silver certificates in silver, and continued 
weekly silver sales and the minting of 
40-percent silver half dollars. 

U.S. consumption of silver for industrial 
uses and coinage dropped appreciably com- 
pared with that in 1967. The heavy outflow 
for commercial use, coinage, and strategic 


reserves continued to deplete Treasury 
bullion stocks. Silver stocks by speculators, 
investors, and industrial fabricators in- 
creased substantially in spite of record high 
price levels. Trading activity on the New 
York Commodity Exchange again reached 
record levels as total volume of transactions 
increased to more than three times the 1967 
volume. U.S. foreign trade in silver con- 
tinued a net export pattern for the third 
consecutive year. Both exports and imports 
were substantially greater than in 1967. 

World silver production increased appre- 
ciably to the highest level since 1940. 
World industrial consumption of silver was 
down slightly, but the quantity of silver 
used in coinage dropped appreciably. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient silver statistics 


1964 1965 1966 1967 1968 
United States: 
Mine production 
thousand troy ounces.. 86,334 39,806 43,669 r 32,345 32,729 
Value- oec Lee Se thousands $46,980 $51,469 $56,464 v $50,185 $70,191 
Ore (dry and siliceous) produced: 
Gold ore thousand short tons 2,631 8,113 2,580 2,315 2,008 
Gold-silver ore do.... 224 205 24 157 199 
Silver ore do.... 644 902 1,069 904 701 
Percentage derived from— 
Dry and siliceous ores...........- 82 35 33 39 39 
Base-metal ore s 68 65 67 61 61 
Refinery production ! 
thousand troy ounces... 2 87,000 2 89,000 2 48,858 80,268 42,052 
Exports 33322. do 109, 395 39,665 85,538 70,769 125,761 
Imports, general ?............- do.... 51,674 54,709 63,082 55,520 70,709 
Stocks Dec. 31: 
Treasury (. million troy ounces... 1,218 804 594 851 e 240 
Industry . dO. 22252352 eg 57,244 88,353 166,356 
Consumption: Industry and the 
arts-_ sec thousand troy ounces. . 123,000 137,000 183,696 171,031 145,293 
GSoinsgee eae do.... 203,000 320,321 53,852 43,851 36, 833 
w nu 7.7.1... per troy ounce. $1.298+ 81.2938 — 31.2938 — 81.550 — 32.144 7 
orld: 
Production..... thousand troy ounces. . 248,545 257,415 266,731 259,081 272,507 
Consumption 7: Industry and the 
Arts thousand troy ounces.. 1 299,200 » 336,600 1 355,100 3848, 600 347,800 
Coinage 5.2: ĩ³o»ü¹ 8 do 1 267,100 r 381,100 r 130,700 r 89,200 59, 500 


* Estimate. r Revised. 

! From domestic ores. 

? U.S. Bureau of the mint. 

3 Excludes coinage. 

4 Excludes silver in silver dollars. 

5 Includes silver in COMEX warehouses. 
6 Average New York price. 


7 Free world only. Source: Handy & Harman, 1964-65; U.S. Bureau of Mines, 1966-68. 


8 Free world only. Source: Handy & Harman. 
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Legislation and Government Programs. 
As provided in Public Law 90-29 enacted 
on June 24, 1967, the redemption of silver 
certificates in silver was terminated on 
June 24, 1968. Also, implementing direc- 
tives to the Secretary of the Treasury in 
the law, a reserve supply of 165 million 
ounces was transferred to the strategic 
stockpile. As supplies declined, the Treas- 
ury authorized the General Services Ad- 
ministration to halt sales of 999 fine silver 
on April 28 and to begin on May 3 the 
sale of silver of less than commercial grade, 
largely coin silver 900 fine. 

The Joint Commission on the Coinage 
established in 1967 recommended that 
weekly sales of Treasury silver and the ban 
on private melting or exporting of silver 
coins be continued. The Commission also 
recommended that the Treasury make the 
ban on private melting permanent, and 
that the 2.9 million rare silver dollars in 
the Treasury be sold on a bid-sale basis. 

The Commission also voted to request 
legislation authorizing the minting of a 
non-silver-clad half-dollar, with the Mint 
continuing to mint the 40-percent-silver 
half dollar at the current rate (100 million 
pieces) requiring 15 million ounces an- 
nually, until such new authority is granted. 

Nine contracts totaling $548,480 were 
executed for silver exploration during the 
year under the financial assistance program 
administered by the Office of Minerals 
Exploration, U.S. Geological Survey. The 
Government share of the total cost was 
$431,360. 
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The following exploration contracts for 
silver or silver-gold were active or in force 
at yearend: 


Operator Location Total cost 

Betty O'Neal Silver, Lander, Nev... 390, 240 
nc. 
Cardiff Industries, Salt Lake, 10,500 
Inc. Utah. 
Donald C. Gilbert San Cruz, 14,000 
riz. 

Don H. Clair, et al. Esmeralda, 44,200 


ev. 
Fourth District, 


Busty Belle Mines, 84,200 
nc. Alaska. 
Silver Cloud, Ine Eun olet 82,000 
ev. 
Big Treasure Mining Pinal, Ariz..... 112,000 
& Development Co. 
Congdon & Carey..... Custer, Colo... 54,660 
Great Eastern Mines San Juan, Colo. 81,200 
A & B Silver Mines... Lincoln, Nev... 72,000 
A. A. Peugnet........ Yavapi, Ariz... 23,800 
Sentinel Peek Mines Inyo, Calif.... 36,000 
McFarland 4 Gunnison, 88, 580 
Hullinger. olo. 
Triaqua Mining Co... Park, Colo 36,800 
Geomineral Corp..... EAR Eeraareinor 20,000 
alif. 

Vitro Minerals Corp.. San Juan, Colo. 145,300 
American Mining Co.. Granite, Mont. 38,200 
Basic Resources Corp. Pershing, Nev-- 80,800 
Bristol Silver Mines... Lincoln, Nev... 129, 000 

// ·˙¹Ü—Ü . 1,098 , 480 


The Bureau of Mines distributed a 16- 
millimeter sound and color film showing 
mining, metallurgy, and manufacturing of 
silver. The film was produced in 1968 with 
the cooperation of American Smelting & 
Refining Co., The Anaconda Company, and 
Hecla Mining Co. 


DOMESTIC PRODUCTION 


Mine production of recoverable silver 
increased slightly in 1968 but was sub- 
stantially below normal. Output of silver- 
lead-zinc and silver-bearing copper ores 
continued to be curtailed by the copper 
strike Which reduced silver output about 
40 percent during the first quarter. 

Idaho's silver production declined 6 per- 
cent owing largely to the shutdown of the 
Lucky Friday, the Nation's third largest 
silver producer, during the first 55 months. 
Output of silver in Arizona, Montana, and 
Utah increased appreciably reflecting settle- 
ment of the 9-month strike and return to 
normal productive operations at copper 
mines yielding byproduct silver. These four 
States contributed 86 percent of the total 
domestic output. 


As in 1967 about 60 percent of the 
total silver production came from ores 
mined chiefly for copper, lead, and zinc, 
the remaining 40 percent was recovered 
from ores in which silver was the principal 
metal. Of the 25 leading silver-producing 
mines, which contributed 82 percent of the 
total domestic output, only four in Idaho 
depended chiefly on the value of the silver 
in the ore. Seven of the mines produced 
over 1 million ounces each, supplying 65 
percent of the total output. Domestic mines 
furnished about 22 percent of the total 
silver used in the Nations arts and 
industries. 

Hecla Mining Co. reported a total silver 
output of 4.97 million ounces compared 
with 6.15 million ounces in 1967, from 


SILVER 


five operating mines including a one-third 
interest in the Sunshine unit area and a 
30-percent interest in Star-Morning unit. 
The Lucky Friday mine in the Coeur 
d’Alene district, Idaho, treated 95,923 tons 
of ore assaying 15.7 ounces of silver, 10 
percent lead, and 0.9 percent zinc yielding 
1.47 million ounces of silver. The 34- 
percent reduction in tonnage was due to a 
strike extending from October 15, 1967, 
to June 15, 1968. Curtailed development 
work resulted in a decrease in ore reserves 
from 677,000 tons at the beginning of the 
year to 626,000 tons at yearend. At the 
Mayflower mine in the Park City district, 
Utah, Hecla mined and treated 122,357 
tons of ore assaying 0.53 ounce of gold per 
ton, 4.8 ounces of silver per ton, 4.0 per- 
cent lead, 3.2 percent zinc, and 0.9 percent 
copper yielding 543,600 ounces of silver. 
Estimated ore reserves dropped 22,000 tons 
to 309,000 tons at yearend. The inflow of 
appreciable quantities of hot water on the 
lower levels, which necessitated grouting 
to seal, slowed development. At the Silver 
Summit mine the company milled 21,932 
tons of ore assaying 17.0 ounces of silver 
and 0.5 percent copper. Estimated ore 
reserves at yearend were 29,000 tons, about 
5,000 tons less than those a year earlier. 
A major effort was being directed toward 
consolidation of several properties adjoining 
the Silver Summit to justify comprehensive 
deep exploration and development of favor- 
able ore horizons through extensions of 
present openings at the Silver Summit. 
The Star-Morning mines produced 189, 
936 tons of ore assaying 2.2 ounces of 
silver, 4.9 percent lead and 8.8 percent 
zinc. Hecla's share of the ore reserves de- 
creased from 335,000 tons at the beginning 
of the year to 288,000 tons at yearend. 
The company reported substantial progress 
on its shaft and deep level development 
below the 7,100 foot level. Exploration of 
the adjoining Independence property was 
scheduled to commence after completion 
of the new No. 4 shaft project.* 
American Smelting and Refining Co. 
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(ASARCO) operated the Galena mine 
during the last 8-months of the year follow- 
ing settlement of the strike and milled 
92.660 tons of ore averaging 21.2 ounces 
of silver per ton and 0.8 percent copper. 
Development work comprised 3,366 feet 
of drifting, 477 feet of crosscutting, 921 
feet of raising and 16,120 feet of diamond 
drilling. Silver-copper ore reserves at 
Galena are sufficient for 6 years production 
at the increased milling rate of 750 tons 
per day which should be achieved by mid- 
1969.? 

ASARCO completed the new Rainbow 
shaft 4,178 feet deep on its Coeur Project 
west of Wallace near the Galena mine and 
began lateral development on the Rainbow 
vein on the 3,100 and 3,400-foot levels. 
By yearend the 3,100 level disclosed 475 
feet of silver-copper ore averaging 25.7 
ounces of silver per ton and 1.2 percent 
copper across a width of 4.5 feet. The 
3,400 level crosscut had not reached the 
vein at yearend. In addition to shaft 
sinking, development included 734 feet 
of drifting, 2,967 feet of crosscutting and 
2,249 feet of diamond drilling. Ore reserves 
at yearend were estimated to exceed 50,000 
tons averaging 23 ounces of silver per ton 
and 0.8 percent copper.* 

Sunshine Mining Co. reported that out- 
put of silver at the Sunshine Mine, the 
Nation's leading silver producer, increased 
0.16 million ounces to 7.71 million ounces 
of which Sunshine's share was 4.47 million 
ounces. Ore reserves increased 0.24 million 
tons to 1.08 million tons averaging about 
42 ounces per ton at yearend, of which 
the company's share was 0.61 million tons. 
The company extended the No. 10 shaft 
to the 5,600 and 5,200 levels.“ 

Reports by smelters and refiners indicate 
that about 57 million ounces of silver was 
recovered from old scrap materials and 
returned to industrial use. 


"e erg Mining Co. 1968 Annual Report, pp. 
8 Day Mines Inc., Annual Report 1968, pp. 4-5. 
‘Work cited in footnote 8. 

5 SES Mining Co. 1968 Annual Report, 

pp. 1, 10. 
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Figure 1.—Silver production in the United States and price per ounce. 


CONSUMPTION AND USES 


Data compiled by the Bureau of Mines 
indicate a moderate decline in industrial 
consumption of silver compared with 1967 
levels. Total consumption dropped about 
15 percent with declines recorded in all 
major use categories, except dental and 
medical. The quantity of silver used in 
photographic and electrical industries, the 
two largest consumers, was substantially 


accounted for about 29 percent of the total 
industrial consumption of silver in 1968; 
electrical and electronic products, 22 per- 
cent; sterling ware, 20 percent; electro- 
plated ware and brazing alloys, 10 percent 
each; and the remaining 9 percent was used 
in jewelry, dental and medical materials, 
catalysts, bearings, and miscellaneous prod- 
ucts. Continued efficiencies in the use of 


less than in 1967. Photographic materials silver in film emulsions and increased 
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recovery of silver from process and product 
wastes was an important contributing factor 
in reducing the quantity of silver used in 
photographic materials. Several million 
ounces of silver were reclaimed from old 
film and from processing of emulsions 
stripped from film. The trend toward the 
use of bimetal composites, where techni- 
cally and economically feasible to replace 
silver alloys, continued to reduce the quan- 
tity of silver required for electrical con- 
tacts. Solid state switching with controlled 
silicon rectifiers or power transistors began 
to replace some silver contacts. The sharp 
drop in the quantity of silver used in 
batteries largely reflects curtailed purchases 
of new silver and increased recovery and 
reuse of silver from battery and other 
scrap by the Navy Department. 

Specially designed spark plugs with plati- 
num electrodes and silver core ceramic 
insulators used in engine-compressors at 
Sun Oil Co.'s Marcus Hook, Pa., refinery 
provided six times longer life than pre- 
viously used nickel electrode plugs. The 
silver core in direct contact with the 
electrode prevents overheating by trans- 
ferring heat rapidly away from the tip. 

Battelle Memorial Institute began a re- 
search study to find new ways to conserve 
silver in electrical contact materials espe- 
cially in medium-to-high current applica- 
tions. Batelle research will focus on pure 
silver, silver-cadmium, and silver-tungsten 
and will relate microstructural and com- 
positional variations in materials to electri- 
cal contact performance, thus enabling 
consumers to design for optimum utiliza- 
tion of materials for particular needs. 
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A silver-palladium wiring paste laid onto 
ceramic substrates for microelectronic 
modules was reported by the Components 
Division, International Business Machines 
Corp., to effect a sharp reduction in cost, 
in addition to providing superior soldering 
and electrical characteristics. The paste 
contains four parts silver to one of palla- 
dium and is applied to substrates by silk 
screen to leave wires 0.004 inch wide. The 
paste is dried, fired, and tinned before 
resistors and semiconductors are added. 

Yardney Electrical Corp. designed and 
built a ‘‘Silvered” silver-zinc propulsion 
battery and electronic scanner system for 
the new deep submergence rescue vehicles 
(DSRV) of the Navy Ship Systems Com- 
mand. The new batteries will be tested to 
operate at a pressure of 9,000 pounds per 
square inch and are capable of supplying 
power to propel a submersible at depths 
up to 18,000 feet. The Yardney DSRV 
propulsion battery consists of two complete 
sets of 74-cell, 58-kilowatt-hour Silvercells 
housed in fiberglass battery boxes. 

New plating techniques enabled United 
Aircraft Products to cover stainless steel 
hoops, up to 21 feet in diameter, with well- 
adhered, ductile silver. The hoops were 
installed in nuclear powerplants. 

Consumption of silver in domestic coin- 
age declined for the third consecutive year. 
About 36.8 million ounces were used in 
minting 40-percent-silver half dollars. The 
rate of minting silver half dollars was re- 
duced to 100 million pieces per year requir- 
ing 15 million ounces of silver. 


STOCKS 


Outflow of silver from the Treasury 
bullion stock totaled about 381.4 million 
ounces comprising transfers to the Strategic 
Stockpile of 165.0 million ounces; G.S.A. 
sales, 105.2 million; redemptions of silver 
certificates, 74.2 million; minting 40-per- 
cent-silver half dollars, 36.8 million; and 
miscellaneous sales and disposals, 200,000 
ounces. 

Total yearend stocks were estimated at 
240 million ounces comprising 70.9 million 
ounces of bullion and 169.1 million ounces 


in the form of unmelted coins. Most of the 
179.4 million ounces withdrawn for com- 
mercial use went into industry stocks for 
consumption or was exported. Stocks of 
silver held by refiners, dealers, and fabri- 
cators totaled 77.2 million ounces at year- 
end, 25.2 million ounces more than those a 
year earlier. An additional 89.2 million 
ounces was held in Commodity Exchange 
warehouses at yearend compared with 31.2 
million ounces at the end of 1967. 
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PRICES 


The New York price of silver quoted 
daily by Handy & Harman fluctuated 
widely in 1968 reflecting monetary uncer- 
tainties and speculation concerning future 
supply and Government policy with respect 
to disposal of Treasury silver stocks. The 
daily price at New York in cents per ounce 
ranged between a low of 181.00 in mid- 
February to a record high of 256.50 in 
mid-June generally declining thereafter 
with frequent changes to 190.00 at yearend, 
averaging 214.46 for the year. Specific 
factors affecting speculation and price in- 
cluded uncertainty with regard to con- 
tinuation of weekly GSA sales, redemption 
of silver certificates, commitments to deliver 
silver to the Strategic stockpile; and hedg- 
ing activities following termination of gold 
sales on the London market. 

General Services Administration sold at 
weekly auction silver of various fineness at 
several locations. Prices for 996—998 fine 
bullion at West Point ranged from a low of 
167.00 cents per fine ounce in mid-February 
to a high of 243.05 cents per fine ounce in 
mid-May. Of a total of 105.2 million 
ounces sold, 56.6 million was 897—900 fine; 


38.7 million was 996—998 fine; 9.2 million 
was 999 fine; and 700,000 was 830—896 
fine. "S 

The volume of trading on the New York 
Commodity Exchange (COMEX) estab- 
lished a new record of nearly 4.9 million 
ounces compared with 1.5 million ounces 
in 1967. COMEX prices ranged from a 
high of 288.80 cents on May 20, for 
September 1969 delivery, to a low of 
183.50 cents on October 22 for October 
1968 delivery. At yearend open contracts 
for 561.5 million ounces were outstanding, 
compared with 257.4 million ounces at the 
end of 1967. | 

In the London market prices for spot 
delivery, in terms of U.S. funds, ranged 
from an alltime record high of 257.6 cents 
on June 12 to a low of 184.2 cents on 
October 17. The average price for the year 
was 219.44 pence equivalent to approxi- 
mately 218.93 cents at the average rate of 
exchange for Sterling. The London forward 
quotations for 3 months’, 6 months’, and 
12 months’ delivery, in cents per ounce, 
averaged 223.47, 228.41, and 238.91 
respectively. 


FOREIGN TRADE 


Exports of silver increased 78 percent in 
1968 to 125.8 million ounces, the highest 
level of exports in recent years. About 45 
percent of the silver exported went to the 
United Kingdom, 13 percent went to 
Switzerland and 10 percent to Canada. 
Substantial quantities of silver also were 
shipped to Belgium-Luxembourg, France, 
Mexico, and the Netherlands. 

Imports of silver totaled 70.7 million 
ounces, an increase of about 27 percent 


over 1967 imports. Canada shipped 39.6 
million ounces, about 56 percent of the 
total silver imported; Peru shipped 5.8 
million ounces or about 8 percent of the 
total; Mexico shipped 10.3 million ounces 
or 15 percent; and 16 other countries 
shipped virtually all of the remaining 15.1 
million ounces received. 

Net exports were 55.0 million ounces 
compared with net exports of 15.3 million 
ounces in 1967. 
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Figure 2.—Net exports or imports of silver. 


WORLD REVIEW 


World silver production was estimated 
at 272.7 million ounces approximately 13.6 
million ounces more than in 1967. Produc- 
tion gains were recorded in most silver- 
producing countries including Canada, 
Mexico, the United States, and Australia. 


Western Hemisphere countries contrib- 
uted about 62 percent of the total world 
output. 


Consumption of silver in the arts and 
industries, and in coinage of non-Com- 
munist-dominated countries totaled about 
406.8 million ounces, 8 percent less than 
in 1967. Industrial consumption of 347.3 
million ounces was only slightly less than 
in 1967 but coinage use declined 33 percent 
to 59.5 million ounces. Free-world silver 
consumption exceeded new production by 
approximately 134.1 million ounces. The 
production deficit continued to be balanced 
chiefly by withdrawals from U.S. Treasury 
stocks, foreign Government stocks, demone- 
tized coin, and other secondary sources. 
Inventory accumulation and speculative 
holdings increased about 170 million ounces 
during the year. At yearend total world- 
wide speculative and investment stocks were 
approximately 370 million ounces. Also 
during 1968 some 60 million.ounces came 
out of India and the Near East and some 
40 million ounces came from demonetized 
coin mostly Australian and Canadian. 


Australia.—Output of silver, recovered 
mainly as a byproduct of lead production, 


increased 9 percent to a record high of 
21.6 million ounces. 


Mount Isa Mines Ltd. treated 3.6 million 
tons of silver-lead-zinc and copper ores in 
the year ending June 30 recovering 7.3 
million ounces of silver compared with 5.8 
million ounces in 1967. The production 
gain was due largely to commissioning of 
a new shaft and ore treatment facilities 
permitting expansion of lead-zinc ore pro- 
duction. A total of 31,155 feet of surface 
exploratory drilling was completed. Ore 
widths were cut in four holes ranging over 
3,600 feet of strike and penetrating to a 
maximum depth of 3,500 feet. Underground 
exploratory drilling totaling 113,212 feet 
resulted in some extensions to known ore- 
bodies. Ore reserves of silver-lead-zinc in- 
creased 2 million tons to 34.6 million tons 
averaging 5.2 ounces of silver per ton, 
7.2 percent lead, and 5.6 percent zinc. 
Average daily treatment rate was 10,064 
tons compared with 10,469 tons in 1967. 


Canada.—Mine production of silver in- 
creased 9.3 million ounces to 45.6 million 
ounces, the fifth consecutive annual gain 
and a new alltime record. The production 
gain was due chiefly to expanded metal 
output at the Kidd Creek mine of Texas 
Gulf Sulphur Co. near Timmins, Ontario. 
Silver was recovered at Kidd Creek as a 
coproduct of zinc, lead, and copper. 


€ Mount Isa Mines Ltd. Annual Report. 1968, 


pp. 17-19. 


MINERALS YEARBOOK, 1968 


120 pope 
100 Other 
N 
8 
S 80 Ñ /N 
° N 
3 N 
£ N 
E \ / \ Mexico 
CH — N INI — Ñ ; 
ul — —— eg 
> 40 - 
= — - 
G United States "d — 2 — . 
Canada. „„ 
20 » orn 
en P — ° P 
S — í” Peru 
w em 
O 
1940 1945 1950 1955 1960 1965 1970 


Figure 3. - World production of silver. 


Canada became the leading silver-produc- 
ing country in 1968, displacing Mexico. 
Of the total production, about 86 percent 
is recovered from ores mined essentially 
for base metals; virtually all of the remain- 
ing 14 percent came from silver-cobalt and 
gold ores. 


Canada: Geographical distribution of 
silver production 


(Troy ounces) 


Province or Territory 1967 1968 p 
Alberta 14 10 
British Columbia 6,082,617 6,977, 705 
Manitoba and 

katche wan 1,284,526 1, 304, 070 

New Brunswick. ......... 8,017,416 3,459,000 
Newfoundland 073,153 1, 110, 000 
Northwestern Territories 1, 980, 228 3, 855,967 
Nova Scotia 89,238 246,136 
o 14,309,891 22, 591, 106 

ebe 4,659,232 4, 015, 827 
Yukon Territory.......... 3,869,874 2,061,534 

DOA c; so ee 36,315, 189 45,621,355 
P Preliminary. 


Source: Dominion Bureau of Statistics. 


In the Yukon Territory (Y.T.,) a sub- 
stantial decrease in silver output was attrib- 
uted to curtailed operations by United 
Keno Hill Mines Ltd. Two new mines, 
Arctic Gold and Silver Mines Ltd., near 
Careross, Y.T., and Mount Nassen Mines 
Ltd., near Carmacks, Y.T., began produc- 
tion in the latter half of 1968. Anvil Mining 
Corp. Ltd. continued construction of its 
5,500-ton-per-day mill to treat zinc-lead- 
silver ore from its Faro mine near Ross 
River, Y.T. Initial production is scheduled 
for late 1969. 

In British Columbia gains in silver pro- 
duction were recorded by Western Mines 
Ltd., by Utica Mines Ltd. following the 
first full year's operation, and by Cominco 
Ltd., the Province's largest silver producer. 

Five base metal mines operated by Hud- 
son Bay Mining and Smelting Co., Ltd. 
near Flin Flon and Snow Lake continued 
to account for most of the silver produced 
in Manitoba. 

Most of the silver in silver-cobalt ores 
and concentrates from the Cobalt and 
Gowganda areas of Ontario were treated 
at the Kam-Notia refinery at Cobalt but 
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some silver was recovered at the East 
Helena, Mont., refinery of ASARCO and 
the Noranda copper refinery in Montreal 
East. 

Silver output in Quebec, recovered al- 
most entirely from base metal and gold 
ores, declined moderately. Gaspe Copper 
Mines and Lake Dufault Mines Ltd. were 
the Province’s largest silver producers; 11 
other Quebec mines also produced signifi- 
cant quantities of silver. 

Virtually all the silver output of the 
Northwest Territories came from the Echo 
Bay Mines Ltd. silver-copper property near 
Port Radium. 

Consumption of silver in the arts and 
industries was 5.1 million ounces, about 
300,000 ounces less than in 1967. About 
4.4 million ounces of silver were used in 
minting 500-fine coins, 3.8 million ounces 
less than in 1967. These coins were minted 
instead of the previous 800-fine coins to 
conserve silver until the newly authorized 
pure nickel coins began to circulate in 
August. The Canadian Government pro- 
hibited the melting and exporting of silver 
coins. Exports of refined and unrefined 
silver to the United States increased about 
16.2 million ounces to 39.6 million ounces. 
Total exports of silver are estimated at 
44.0 million ounces. Imports totaled about 
14.7 million ounces, about half of which 
was shipped from the United States for 
refining and eventual return. 

Texas Gulf Sulphur Co.’s Kidd Creek 
mine, Canada’s largest silver producer, 
mined and milled 3.6 million tons of zinc- 
copper-silver-lead ore and produced 13.4 
million ounces of silver. The company re- 
ported that metal recoveries were improved 
at the concentrator and that several addi- 
tional products, such as pyrite and tin, 
were recovered. The company also re- 
ported substantial progress on its compre- 
hensive study regarding building its own 
smelter in Ontario to treat zinc, copper, 
and lead concentrates." 

Cominco Ltd. reported production of 
6.9 million ounces of silver of which 62 
percent came from company mines. In 1967 
5.2 million ounces were produced, of which 
67 percent came from company mines. 

United Keno Hill Mines Ltd. reported 
that silver production dropped to 1.98 
million ounces nearly 50 percent less than 
in 1967, the seventh successive annual 
decline. The company milled 60,800 tons 
of ore averaging 33.93 ounces of silver per 
ton, 6.53 percent lead, and 5.55 percent 
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zinc compared with 106,200 tons averaging 
37.69 ounces of silver per ton, 7.97 per- 
cent lead, and 5.89 percent zinc in 1967. 
Metal recoveries were as follows: Silver, 
94.7 percent; lead, 94.2 percent; and zinc, 
88.6 percent. Minable ore reserves were 
estimated at 100,230 tons averaging 39.2 
ounces of silver per ton, 6.5 percent lead, 
and 5.5 percent zinc.“ 


Japan.—Mine production of silver 
dropped slightly in 1968 to 10.7 million 
ounces after four consecutive annual in- 
creases, but industrial consumption rose 
approximately 2.7 million ounces to 34.0 
million ounces. No silver was used in coin- 
age and none was recovered from coins in 
circulation. Imports of refined and un- 
refined silver totaled about 23.0 million 
ounces. Government stocks of silver were 
estimated at 25.0 million ounces. 


Mexico.—Silver output in Mexico stimu- 
lated by higher metal prices, increased 2.1 
million ounces to 40.0 million ounces but 
Mexico lost its customary rank as the lead- 
ing silver producer to Canada. Industrial 
consumption was about 5.0 million ounces, 
about the same as in 1967. Silver used to 
complete the minting of the 25-peso silver 
coins commemorating the 1968 Olympic 
Games increased to 14.2 million ounces. 
Exports of silver totaled 35.2 million ounces 
of which 29.1 million ounces were shipped 
to Europe and 10.3 million ounces to the 
United States. Government stocks of bullion 
and coin at yearend were estimated at 10.5 
million ounces about 16.5 million ounces 
less than at the end of 1967. 

Asarco Mexicana, S.A., treated 2.0 mil- 
lion tons of silver-bearing ore from its own 
mines and from purchased ores and re- 
covered 19.0 million ounces of silver com- 
pared with 1.9 million tons yielding 16.5 
milion ounces in 1967. The company 
reported continued progress on its mine and 
plant expansion program and that aggre- 
gate ore reserves at operating mines were 
well maintained. 


Peru.—Output of silver in Peru, the 
third ranking silver producing country in 
1968, increased slightly to 36.0 million 
ounces. Silver was recovered largely as a 
byproduct or coproduct of lead, zinc, and 
copper. 

Cerro de Pasco Corp., the free world's 


7 Seen Gulf Sulphur Co. Annual Report. 1968, 


p. 8. 
8 United Keno Hill Mines Ltd. Annual Report. 
1968, 12 pp. 
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second largest producer of silver, reported 
output from its mines and from purchased 
ore at 20.4 million ounces compared with 
19.5 million ounces in 1967. About 47 per- 
cent of the corporation’s silver output came 
from purchased ores. 


United Kingdom.—Industrial consump- 
tion of silver was about 23.0 million ounces, 
slightly less than in 1967. The decline in 
consumption was attributed largely to the 
falloff in demand for domestic silverware 
due to the increase in the price of silver. 
Imports of silver totaled 125.9 million 
ounces, nearly double those in 1967. About 
40.4 million ounces came from the United 
States, 41.1 million ounces from the Trucial 
States, mostly originating in India and 
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Pakistan; 11.3 million ounces from Aus- 
tralia, 9.3 million ounces from Mexico and 
nearly all the remainder from 29 other 
countries. United Kingdom exports of silver 
dropped 2.3 million ounces to 29.4 million 
ounces. About 6.0 million ounces was 
shipped to Belgium; 5.5 million ounces to 
France; 4.6 million ounces to West Ger- 
many, 5.7 million ounces to Italy, 4.2 
million ounces to Switzerland; and 1.3 
million ounces to the United States. Nearly 
all of the remaining 2.1 million ounces 
went to Norway, Poland, Portugal, and 
17 other countries. 

About 1.4 million ounces of silver was 
recovered from demonetized United King- 
dom silver coinage and sold on the London 
market. 


TECHNOLOGY 


Much research effort continued to be 
directed to developing photographic tech- 
niques which do not use silver and some 
progress was reported. 

A new silverles electrophotographic 
process which is said to produce high- 
quality, continuous-tone photographic prints 
was developed by Charles D. Oughton and 
later acquired by UN Industries. The new 
process—called Contone—is reported to 
produce superior prints at lower cost in a 
shorter time than conventional silver proc- 
esses. The process is electrostatic and uses 
a paper treated with special chemicals, 


including zinc oxide, and is made light 


sensitive by applying a uniform electro- 
static charge. A toner makes images visible 
permanently. Commercial application of 
the Contone process could result in some 
reduction in silver used in the photographic 
industry. 

Significant progress was made in improv- 
ing techniques of cladding and electroplat- 
ing silver to extend the use of bimetals-base 
metal-noble metal composites to conserve 
silver by hmiting its use to applications 
where it is. functionally required. Solid 
state switching with controlled silicon rec- 
tifiers or power transistors increased and 
eventually will replace many silver contacts. 

The Bureau of Mines continued its re- 
search studies to develop improved tech- 
niques of measuring rock pressures and 
seismic effects related to controlling rock 
bursts. These studies were directed pri- 
marily toward alleviating environmental 


problems associated with deep silver-lead 
mines in the Coeur d'Alene Mining dis- 
trict, Idaho. Some progress was reported 
on improving methods of sampling and 
evaluating mineral deposits by applying 
computer techniques for data storage, re- 
trieval and processing which will permit 
reliable appraisal of marginal silver-bearing 
deposits. 

Handy & Harman reported the develop- 
ment of a process for manufacturing silver 
powders directly from the melt. The process 
which reached production levels in 1968, 
has resulted in better products and lower 
costs. The company also reported signifi- 
cant progress in improving processes for 
handling and recovery of precious metals 
from industrial scrap. 


Table 2.—Mine production of recoverable 
silver in the United States, by months 
(Thousand troy ounces) 


Month r 1967 1968 

e, 3,352 1,564 
February...............-..- 3,366 1,523 
Metin. EE 3,672 1,432 
PIII! aue 3,458 2,460 
SES NEM S 8,570 ,130 
. uui pim SSS ass 3,494 8,126 
JUlVe22 coco clone ea tae 2,860 3,138 
August_-.-. . . . . . ; 1,892 8,299 
September 1,708 3,059 
October_____. 1,663 8,347 
November................. 1,656 8,399 
December 1,654 3,257 

Total ˙·AAA iana 32, 345 82,729 

r Revised. 
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Table 3.—Twenty-five leading silver-producing mines 
in the United States in 1968, in order of output 


Rank Mine County and State Operator Source of silver 
1 Sunshine Shoshone, Idaho.... Sunshine Mining Co Silver ore. 
2 Utah Copper Salt Lake, Utah... Kennecott Copper Corp.. Copper, gold-silver ores. 
3 Galena Shoshone, Idaho.... American Smelting and Silver ore. 
Refining Co. 
4 Bunker Hill E, LEE The Bunker Hill Co Lead-zinc, zine ores, 
silver tailings. 
5 Lucky Friday........ o eni Hecla Mining Co........ Lead ore. 
6 Crescent sut lcs idc ccu dus The Bunker Hill Co Silver ore. 
7 Berkeley Pitt Silver Bow, Mont. The Anaconda Company. Copper ore. 
8 U.S. and Lark Salt Lake, Utah.... United States Smelting Lead-zinc ore. 
Refining and Mining 
o. 
9 Idarado............- Ouray and San Idarado Mining Co...... Copper-lead-zinc ore. 
Miguel, Colo. 
10 Pima...........-.-- Pima, Ariz.........- Pima Mining Co........ Copper ore. 
11 Burgin.............. Utah, Utah.......- Kennecott Copper Corp..  Lead-zinc ore. 
12 Mineral Park Mohave, Ariz......- Duval Corp Copper ore. 
13 Copper Queen- Cochise, Ariz......- Phelps Dodge Corp Do. 
Lavender Pit. 
14 Mayflower..........- Wasatch, Utah..... Hecla Mining Co Copper-lead-zinc ore. 
15 Morenci............- Greenlee, Ariz...... Phelps Dodge Corp...... Copper, gold-silver ores. 
16 Mission Pima, Ariz......... American Smelting and Copper ore. 
Refining Co. 
17 White Pine Ontonagon, Mich... White Pine Copper Co... Do. 
18 Darwin Inyo, Cali West Hill Exploration Co. Lead-zinc ore. 
19 Silver Summit Shoshone, Idaho.... Hecla Mining Co........ Silver ore. 
20 putre Hill Copper Silver Bow, Mont.. The Anaconda Company. Copper ore. 
ines. 
21 Star-Morning........ Shoshone, Idaho.... Hecla Mining Co........ Lead-zinc ore. 
22 New Cornelia........ Pima, Ans. ..-- Phelps Dodge Corp Copper, gola-silver ores. 
28 Magma Pinal, Ariz......... Magma Copper Co Copper ore. 
24 Copper Canyon. ..... Lander, Nev......- Duval Corp D 


o. 
25 Knob Hill Ferry, Wash__.---- Knob Hill Mines, Ine... Gold ore. 
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Table 4.—Production of silver in the United States, by type of mine, and 
by class of ore yielding silver, in terms of recoverable metal, 1968 


Lode 
Placer 
Gold ore Gold-silver ore Silver ore 
State Troy 
ounces Short Troy Short Troy Short Troy 
of silver tons ounces tons ounces tons ounces 
of silver of silver of silver 
Alaska. 2-2- 1,329 100 2441. ̃ ⅛ ² ³˙¹ aes tes lu ec Cs 
// ³ K kee 72 65 59,762 8,441 49,982 85,800 
California 3 8 321 3,153 506 3, 075 21,678 2 8,019 
Colorado 220 351 551 2,355 5, 998 70, 425 158, 143 
l etc Sheed 124 199 806 479,647 11,868,938 
llt! ĩðͤV cue J e UA O NE TEE E 
RE, quee diui. Qupa. ` dee . ` Ve deet Lou qu S 
Montana... 225 313 12,389 39,460 55,006 299,508 
Nevada..................- 94 815 Eb ¿Duos Mur Lo 27,09 28,554 
New Mexico V 8,086 48,401 414 2,486 
DS Rain ee meee Z y V qudd sce tr fud. (dms NE EEN, dudo E 
) y dO NAME oc 2 42 
South "Dakota ope e RD D E 752 1.921.653: 136.9160 i2... Lüesee9x- ⁰ ERE Due 
Eege ` Decideieren 
JC; eee cuu. cadis en uisu 25 118,117 14,018 23,819 54,692 
Other States .. 76,631 291,608 ........ 4 1 32 
Total... =- 2,691 2,003,139 432,754 198,805 133,792 700,676 12,451,214 
Percent of total silver. d MEER lh... cx (4) LN 88 
Lode onting 
Copper ore Lead ore Zinc ore 
Short Troy Short Troy Short Troy 
tons ounces tons ounces tons ounces 
of silver of silver of silver 
AA. AA 8 76 JJJJJküüõü x ee 
Arizona. 95,682,778 4,697,394 498 2, 999 194 89 
California 84 581 6,112 85, 900 12 279 
Colorado 1,397 2,824 1,924 24, 453 257,871 147,895 
oo ae Oe 82,855 2,967 160, 949 1, 880, 457 44, 845 56 , 987 
Michigan 7,540,980 472, // ³ KV 
II y A 6,355,777 340, 888888 
Montana 10,079,795 1,456,742 5,514 110,036 14,651 162,416 
Nevada..................- 10, 671, 047 424,336 9,191 86,288 1, 151 ,424 
New Mexico..............- 6,687,066 114,766 43 97 245, 454 45,157 
DR. bis JJ ⁵ↄ E. lh DEN eee mda CU 605,717 27 ,615 
JC ² . E ed 846 JJ ↄðA/⁰˙ ?TTʃʃu . 8 
South | BIR EE ... x taxed 
J%%%ꝓSſ ³Ü¹i˙ ͤ ⅛¹¼mm. ] ͤ mm m "erudi m.; ĩ⁊ð—³ ` ð- e ß oem Tur EP s 
(Qh... o2dcatetesceszs 28,844,008 2,254,482 432 4,605 42 17 
Other States 210,950 15.990 Llc su 8 477,079 86,376 
FF 159,251,382 9,442,816 6,540,440 2,485,686 1,646,916 478, 205 
Percent of total silver. .......... WEEN WEE 
Lode—continued 
Lead-zinc Refinery 
copper-zinc, and Old tailing, etc. Total 
copper-lead-zinc ores Troy 
— EmaN ounces 
Short Troy Short Troy Short Troy of silver 
tons ounces tons ounces tons ounces 
of silver of silver of silver 
y ADU RN eek ENIM ELSE 176 3, 900 3,450 
Arizong .....---------0- 120,656 192,681 46,016 125,693 95,953,958 14,958,162 5,149,040 
California................- 68,297 411,654 285 2 69,028 76,289 2 597,961 292 , 700 
Colorado 720,015 1,272 899 1,788 33,805 1,056,126 1,646,283 1,454,600 
Gao inina 666, 670 1, 887, 522 325, 474 265, 889 1,710,091 15,958,715 15,466,400 
Hen!!! y 7,540,980 2,813 32,100 
(,öôö˙Ü%Ätéöĩéͤßͥ yd ; Muni wuts 6,355,777 340, 856 395, 900 
Montana 952 4,612 46,759 59,484 10,215,185 2,182,571 2,802,000 
Nevada.................-- 10,304 153,820 20 588 10, 779, 621 645, 192 561, 900 
New Mexico 65,299 13,751 46 173 7 „001 408 224, 866 271, 900 
DE au % C ORC A ES 605,717 27,615 27, 600 
dd. Sisa LU Ee Leste, Bese E A 868 835 170 
South 1 /ͥ³¹iiA.A.. ͥ ⁰¹¹w-rLrr ]] yd y | ec 1,921,658 137,668 137,100 
Tennessee 1, 624, 400 „ (Sc SQ 1,624,400 89,525 82,500 
fal cid o usu ous 556, "$44 2,717,088 35,758 175,925 29,078,515 15, 120, 772 4,800,000 
Other States 197, 886 3 21, S 962, 563 3 371, 745 422, 640 
A OLA) ote et eee 


1 Includes byproduct silver recovered from uranium ore. 
* Includes byproduct silver recovered from tungsten ore. 
3 Includes ced babar silver recovered from magnetite-pyrite ore. 


* Leas than 
5 Tocludes Kentucky, Texas, Washington, and Wisconsin. 
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Table 5.—Mine production of recoverable silver in the United States, by States 


(Troy ounces) 


State 1964 1965 1966 1967 1968 
Alaska 7,386 7,678 7,193 5,787 8,900 
Arizona 5, 810, 510 6,095,285 6, 338, 696 4, 588, 081 4, 958, 162 
California 171, 621 196,787 189, 989 144, 515 97, 961 
Colorado 2,626,431 2,051,105 2,085,584 1,817,699 1,646,288 
Idaho 16, 483, 495 18,456, 809 19,776, 785 17,033,330 15,958,715 
Kentucky... c- 1, 1, 931 1,086 o. tp c ett 

ANB e c ous to sla ⅛⁰ꝛ . ] é Ar yd CE Me n EAE S s 1871,745 
Michigan 349, 195 457,851 488,000 301, 992 472, 813 
Sorr!r!r‚r‚„ 8 299,522 MON r 226,168 840,856 
Montana. .............-- 5,289, 959 5,207, 031 5,319, 785 2, 066, 464 2,182,571 
Nevada. ..............-. 12, 07,118 867 , 567 65,755 645,192 
New Mexico 242,405 287 ,472 242 ,620 157,495 224,866 
New Tork 13,306 11,441 21,590 31,103 27,615 
Oklahoma............... ...........- 2 858,477 2 368 , 788 2 279,898 (1) 
Oregon ------------ 14,872 8,80 343 335 
Pennsylvania 3 875,603 2) 2) (2) (1) 
South Dakota 132,981 128,971 109,885 121,258 137,668 
Tennessee 90, 53 94,142 100,716 130,078 89,525 
Utah. ioc ce 4,551,960 5, 635, 570 7,755,411 4, 874, 640 5, 120, 772 
Washington ` (3) (2) (2) (2) 1) 
Wyoming gg 855 ͤö ea JJ;—’ 8 
Totaal 36,333, 861 89,806,033 49,668,988 r 82,844,862 32, 728, 979 
r Revised. 


1 Production of Maine, Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual 


company confidential data. 


2 Production of Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual company 


confidential data 


E Production of Pennsylvania and Washington combined to avoid disclosing individual company confidential 


Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1968 
by States and methods of recovery, in terms of recoverable metal" 


Total 
ore, old 
tailings 

State etc.,? 

treated 

(thousand 

short 

tons) 

Alaska 3) 

Arizona 96,196 
California....... 76 
Colorado 1,056 
Idaho . . 1,710 
Michigan........ 8,027 
Missouri 6,356 
Montana 10,215 
Nevada 11,650 
New Mexico..... 7,001 
OT SE EE 785 
Oregon 1 
South Dakota 1,922 
5 . 5, 969 
VERE 29,079 
Other States 962 
Total 181, 005 


180, 076 


Ore and old tailings to mills 


Recoverable Concentrates 
in bullion smelted and 
recoverable metal 
Amalga- Cyani- Concen- 
mation dation trates Troy 
(troy (troy (short ounces 
ounces) ounces) tons) 
8 lees ese 2,571 
FCC 2,507,098 4,791,191 
738 100 15,215 500,757 
882 141,078 1,481, 046 
22. ͤ ses 191,534 15, 866,840 
VE, "ed 240,576 472 : 813 
FC 341,329 340, 856 
2 ws 248,056 1,690,040 
170 - cose 2 280 ,281 97,513 
ici Serie «eeu le 302,198 173,674 
FE 126,761 SE 
90 ,256 46,660 __... . . .. 22-2- 
7. Cosu uses 299 ,307 89,525 
EE Ee 810,882 4,610,784 
EE 6,906 69,730 4,329 
92,021 53,666 5,574,168 31,009,718 


1 Data may not add to total shown because of independent rounding. 
2 Includes some non-silver-bearing ores not separable; excludes tonnage of magnetite-pyrite, tungsten, and 
uranium ores from which silver was recovered as a byproduct. 


3 Less than 14 unit. 


Crude ore, old 
tailings, etc., 


to smelters 
Thou- 
sand Troy 
short ounces 
tons 
397 166,971 
7 96,045 
8 164,185 
64 91,8 
116 442,529 
95 47,475 
44 51,157 
> 170 
201 509,988 
(3) 


932 1,570,883 
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Table 7.—Silver produced at amalgamation and cyanidation mills in the United States 
and percentage of silver recoverable from all sources 


Bullion and precipi- Silver recoverable from all sources 


tates recoverable (percent) 
Year (troy ounces) 
Amalga- Cyani- Amalga- Cyani- Smelting ! Placers 
mation dation mation dation 
1904. ee ͥ A Soe 91,401 120,894 0.25 0.33 99.39 0.08 
Ärt 167,331 48,632 .42 . 12 99.44 . 02. 
LEE 80,088 41,098 18 09 99.71 .02 
1§öÜ% 84, 290 47,054 26 15 99.57 02 
1968 soo 5ĩ5. ͥ TA semi sum 92,021 53,666 28 16 99. 55 01 


1 Crude ores and concentrates. 


Table 8.—Silver produced at refineries 
in the United States, by source 


(Thousand troy ounces) 


1967 1968 

From concentrates and ores: 
Domestic 30, 268 42,052 
Foren 23,777 31,222 
Ic s upp 54,045 78,274 
From old eerap. 33, 534 57, 466 
From new sera 25,861 84 ,602 
Total production... 112,940 165,342 


Table 9.—U.S. consumption of silver, 


by end use 


(Thousand troy ounces) 


1967 
Electroplated ware 17,897 
Sterling ware 30,269 
Jewelry...............- 5,751 
Photographic materials 50,306 
Dental and medical 
supplies 2,690 
Mirror 2,174 
Brazing alloys and 
solder gs 15,391 
Electrical and electronic 
products: 
Batteries 11, 405 
Contacts and 
conductors....... 26,777 
Rocket nozzle s 
Catalys ts 5,847 
Bearing 600 
iscellaneous 11... 1, 925 
Total net indus- 
trial consump- 
tion 171, 032 
Coi nage 43,851 
Total consump- 
tion ---2- 214, 883 


1 Includes silver-bearing copper, silver- bearing lead 


anodes, ceramic paints, etc. 


5, 764 


145,293 


86,838 


182,126 


Table 10.—Value of silver exported from 
and imported into the United States 


(Thousand dollars) 


Year Exports 
c aaa $110,533 
19d 8 95, 960 
1908 EE ete 247,100 


Imports 


$76,187 
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Table 11.—U.S. exports of silver in 1968, by countries 


(Thousand troy ounces and thousand dollars) 


Ore and base bullion Refined bullion United 
Country — C States Foreign 
Quantity Value Quantity Value coin value coin value 
Een "hee, besteet, 88 $7 
Australia... EE 1 
Art WEE 9 $19. syncs. 8 
Bahamas 262 109. . «öð ę ß cues 
Belgium- Luxembourg 7,280 14, 270 5,509 18,061 ......... 632 
Brazil: 50.5: 2002 ß 183 ĩðͤ l` A18 n. Gopu ann 
/ A ee es 806 685 7,178 14,758 $1 1,115 
Colombia. 4 29 %öõ·oẽs Lvccetats 
Denmark... . e Qusa 256 5999 204 
%). ↄð ⁵ ð ⁵ↄ yd ĩðâv pd E 9,107 17,291. zl. 142 
Germany, West 2,855 4,970 827 5111 63 
Hong Kone. ³oAſſ æꝓWxVHꝓꝓPI l v; ĩ Ä x Kose as 3 
4! tos ee 9 A, N A ] ] , seus oe 
/r 8 87 160 311 55 s s 1,887 
DRDO Loss SZ os st SS 84 85 2,038 4,418 ......... () 
Lebanon AO. o roca eui aol s rcc eee ee ee ᷣ y y ae Aes 50 
Mei. 8 5 10,047 12,990 (1) 17 
Netherlands 15 32 4,857 O TOT uniozocenz 25 
Netherlands Antilles . 
Noreay .. . . ...-- 84 € deme NE UIT 8 8 
OMe cco rr SS 409 81 8 
Spain... A s mE 170 341 152 "rc METTRE abaa 
Sweden 1,320 2954 wee site, Eee EE 
Switzerland 484 958 15, 978 35,206 8 94 
United Kingdom. ...........- 10,771 22,613 45,638 87,171 6 785 
Ke) Sut at LL ne 29,129 47,549 102,632 199,551 18 5,083 
1 Less than Le unit. 
Table 12.—U.S. imports of silver in 1968, by countries 
(Thousand troy ounces and thousand dollars) 
Ore and base bullion Refined bullion United 
Country ———————— m States Foreign 
Quantity Value Quantity Value coin value coin value 
Argentina. 107 )))) T ·˙Ü mA ³W¹ ĩ pue us 
Australia 1,267 2,189 266 S604 s 8 
Austria ) CERTES NEL CONCRA ERN 101 250 8 $2 
Etage eee, Sel dila cA n dy ß E Sas 8 
Belgium- Luxembourg 86 156 555 1.16644 4 
Bolivia 1,102 I 481 uite! oe d wee tears 
Bull ⁵ Vd eur ⁵ ER LE la twee (1) 
Cansdne 18,555 24,634 26,052 56,989 94 
fr! 1, 897 2,102 297 J)«»ͤ»— luces 
Colombia 1 Jr Ü¹³i ˙·u¹ uei 12 
LE ese ose eetees 13 J%%//%%]])%Gßßßkͥ.ꝗ5—ũ 3 
II/ 3o 2 y 3 J;;’ 8 
Branco. ce c ctn Een . hx y ⁊xꝶß . eects 2 
Germany, West 3 1 (1) 7 
Honduras 3, 544 5,774 194 437322 8 10 
ii, ͥͥ ð˙⁊˙s.ͥͥ ] Vr... ⅛ð ]ðx2 ð ß aaa 215 
| ru Mr ³⁰ Uëêë„ß be ` ee ß 189 
//»ö%§;»Bi EE 183 I AA 
Korea, South... Alei 2 npe 6 97 2%%%õà] K 8 
J ul ĩͤ ͤ dd ̃ ͤ w ⅛ĩᷣͤ d ⁰0 dd ͥͥͥͤ kv yd ð . sense amsa 850 
Mexico 1,429 2,928 8,916 16,705 $37 4,453 
Netherlands... eu mou. eee. ⅛ð d d 
Nicaragua 156 283 8 !! eee set. 
OPWSY e ee Se ee. 16 %%%; dcl noL ictu “Susu 
Panama... -cLlercad-s 25 57 11 IT cec 1,418 
CB ĩ² eL ubi e uA eee? teeta ee 
EEC! a en oe su 4,520 7,802 1,286 2 BIO JudLdcunsedo- mime uui 
Philippines 358 687 | 42 58k 1 
South Africa, Republic of 707 966 328 (551 MEOS xs 
Switzerlahd. ----------222- adi --.-.-..-..-.- 3 EE 18 
United Arab Republlteteet ei Ee ` w a Sua 6 
United Kingdom............. .....-:... --......-.. 3,380 689 sus 7 
USS ⁵ð y ĩv y Je Sea 7 GV EE 
Ft; be Coa sa "Lies deg ` ae), eee: 8 18 
eie 8 (2) D Mette ee 
Kart ANE EEN 80 Ek WEE 
d Ke EE 28,786 49 ,587 41,923 88,213 37 7,315 


1 Less than 14 unit. 
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Table 13.—World production of silver, by countries 


(Thousand troy ounces) 


Country ? 1964 1965 1966 1967 1968 » 
North and Central America: 
Canada... uoc. ce . . . Sea ee 29,903 r 92,272 r 32, 825 36,815 45,621 
Gi Gh EE 92 77 51 e 94 13 
Honduras 3,220 3,671 3,734 4,009 4,897 
Mexie0.. . emet 41,716 40,332 41,983 87,939 40,081 
Nicaragua............._.--...------ 882 880 447 872 416 
United States 86,334 39, 806 43,669 82,119 92,729 
South America: 
rëenting -.....------2-------2-MŇM 1,943 2,286 2,207 NA NA 
Bolivia. ull uy ek 4,811 4,114 5,124 4,515 5,180 
BEI Eeler 814 228 222 225 464 
l 8 3,097 2, 972 8,610 8,156 8,757 
Colombia... . coe ees 131 16 09 110 00 
eie coc aw ĩ 88é 117 77 86 
e oe eck 84,419 86,470 82,841 85,870 86,020 
Europe: 
USLTH oon ob ð m AL eie 7 126 161 
Czechoslovakia 2,400 2,400 2,400 2,400 
ET, 22 oo. L.L. L erst ce rens 608 582 520 628 677 
France... . .. „w cse iu e us 969 1,401 2,008 2,168 ° 2,000 
Germany: 
C7Côö§ôö§Üͤöt§L8q. 4, 800 4, 800 4, 800 4, 800 4, 800 
Meet ⅛ͤ K ĩͤ v 2,068 2,022 2,018 2,042 e 2,000 
EE 154 189 188 232 261 
1111111 %˙WðſA — 6 A 8 r 1,218 1,219 2,067 1,913 
tele ee 1,074 1,103 1,132 1,382 1,156 
Poland ©. L v eann 29 129 160 160 160 
Portugal. 2. 2x 88 49 r 93 855 357 800 
Rumania ↄ ˙²’¹d . . 643 643 r 750 800 800 
ü ũͤũ !!!; 8 2,815 1,961 2,025 2,218 e 2,400 
Swedeh.:. 5: 222522 e delucoie r 9,122 r 3,409 r 3,517 3,455 3,524 
USSR: EE 29 ,000 31,000 33 ,000 85,000 85,000 
Yugoslavia. ..............-.-.-.-... 4,087 4,148 3,651 8,075 2,577 
Africa: 
Ae... hadaa aaa 295 295 r 110 100 100 
Congo (Kinshasa :ʒ 1,480 1, 538 1,851 1, 840 2,139 
J ͥ /ĩ A Ee 48 21 19 3 8 
Morocco 604 599 707 773 920 
Rhodesia, Southern 88 e 95 e 95 NA NA 
South Africa, Republic of 2,917 8,132 3,134 3,064 3,337 
South-West Africa, Territory of *...... 1,436 1,541 1,517 1,450 1,850 
( ³˙ꝗ ] 25 28 11 2 2 
"Tunisia soo Gs x ee ee 13 34 88 45 e 46 
is Zambia EE 1,446 849 e 750 e 750 e 768 
ia: 
e EEN 1,867 1,638 r 1,063 917 780 
China, mainland 800 800 800 600 700 
d 17 WEE 152 168 89 112 81 
aon 8 253 299 221 309 309 
ENT, EE tos 8,715 8,989 10,319 10,800 10,718 
Korea: 
, 650 650 650 700 700 
South te ee ue 404 434 499 588 611 
Philippines 908 934 1, 163 1,396 1,575 
i . r 67 r 96 r 87 127 85 
Oceania: 
Australia 18,427 17,281 r 18,888 19,783 21,618 
Fiji z Zoom uuu nu hapu sS uuu Du 2 61 60 67 61 55 
New Guinea and Denua 23 20 18 17 18 
New Zealand (8) (6) GG 4 
// ³ð¹ꝛqi TC es r 248,545 1 257,415 r 266,731 269,081 272, 507 


* Estimate. P Preliminary. r Revised. NA Not available. 

1 Recoverable content of ores and concentrates produced unless otherwise noted. 

2 Silver is also produced in Bulgaria, Guatemala, Hungary, Thailand, Turkey, and several African countries. 
Quantities are insignificant or not reported. 

3 Smelter and/or refinery production. 

4 COV TANIE silver content of Tsumeb Corp. Ltd. concentrates, as reported for year ending June 30 of 
year s : 

s Includes recovery from copper refinery sludges. 

6 Less than A4 unit. 

7 Total is of listed figures only. 
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Slag—lIron and Steel 


By John W. Thatcher! 


Demand for iron-blast-furnace slag prod- 
ucts in 1968 equaled available supplies. 
Although there was a slight reduction in 
the tonnage and dollar value of blast- 
furnace slag marketed in 1968, this was 
more than offset by an increase in the 
amount of steel slag used. Decreased avail- 
ability of blast-furnace slag and rapidly 


changing iron and steel making tech- 
nology have caused an increased interest 
in using steel slags, either alone or blended 
with blast-furnace slag, for roadway base 
and fill, in bituminous mixtures, for rail- 
road ballast, in agriculture, and for mis- 
cellaneous uses. 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Iron-blast-furnace slag processed in the United States, by types 


(Thousand short tons and thousand dollars) 


Air-cooled Granulated Expanded Total 
Year Screened Unscreened 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
19644. 20,969 336,458 621 $599 2,840 $2,170 2,426 57,273 26,856 $46,500 
1988585 T8 22,531 39,624 1,402 1,270 3,550 12,674 2,596 7,879 30,079 51,447 
1966 19,925 35, 348 551 588 3,749 13,026 2,525 7,860 26,750 46, 822 
19677 22,326 39, 204 1,052 800 3,760 12,884 2,456 7,262 29,598 50, 101 
1968. 21,757 39,034 1,826 1,493 2,944 12,631 2,215 6,251 28,742 49, 408 


1 Excludes value of slag used for manufacturing hydraulic cement 1965-68; and granulated aggregate for 


concrete-block manufacturing 1966-68. 
Source: National Slag Association. 


Table 2.—Iron-blast-furnace slag processed in the United States, by States 


(Thousand short tons and thousand dollars) 


Screened air-cooled All types 
Year and State 

Quantity Value Quantity Value 

. 1967 
Al EE 4,029 $7,684 5,868 $10,211 
Pennsylvania. ..............--.....2.-..-2- 7,134 13,051 9,082 15,412 
Illinois, Indiana, Michigan 4,642 7,891 6,519 11,001 
Other States ůꝶ 2. 2-2 2c LLL lll ll. - 6,521 11,078 8,124 18,477 
TObalo c od c oor muu s s t 22,326 89,204 29,593 50,101 

1968 
G soso os Sete k eus ordi epe 4,175 8,208 5,994 11,571 
Pennsylvania.. 5, 728 11,251 7,398 13,751 
Illinois, Indiana, Michigan 4, 808 „759 6,472 9, 776 
Other States Il... 7,046 11,817 8, 878 14,309 
JJ 21,757 89,034 28,742 49,408 


T Alabama, California, Colorado, Kentucky, Maryland, Minnesota, New York, Texas, Utah, and West 


irginia. 
Source: National Slag Association. 
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Table 3.—Shipments of iron-blast-furnace slag in the United States 
by methods of transportation 


Method of transportation 


Source: National Slag Association. 


1967 1968 
Thousand Percent Thousand Percent 
short tons of total short tons of total 

6,798 28 6,934 22 
22,070 74 21,478 75 
725 3 718 3 
29, 593 100 28, 530 100 


DOMESTIC PRODUCTION 


Production and value of all types of 
iron-blast-furnace slag decreased about 3 
percent and 1 percent, respectively, from 
those for 1967. The drop in production was 
attributed to less slag being available from 
old banks built up during previous years 
and to yearly fluctuations in construction 
demands. A total of 30 companies operated 
56 air-cooled, 17 expanded, and 14 granu- 
lated-slag plants in 1968, compared with 
39 companies operating 61 air-cooled, 14 
expanded, and 14 granulated-slag plants 
in 1967. Slag-encrusted iron, reclaimed 
magnetically by the slag processors for 
remelting, amounted to 630,092 short tons, 
compared with 613,109 tons in 1967. The 


industry’s 1,620 plant and yard employees 
worked a total of 3.9 million man-hours 
in 1968. Production per man-hour de- 
creased from 7.6 tons in 1967 to 7.4 tons 
in 1968. 

The amount of steel slags processed in 
1968 increased sharply, and because of the 
availability and satisfactory performance of 
steel slags, this trend is expected to con- 
tinue. It was estimated that at least 12 
million tons of steel slag were processed in 
1968, including 6.2 million tons by mem- 
bers of the National Slag Association. This 
is about a 20-percent gain over the amount 
processed in 1967. 


CONSUMPTION AND USES 


Screened air-cooled slag accounted for 76 
percent of the total quantity of blast- 
furnace slag sold or used in 1968. 
Consumption of other types was as follows: 
Unscreened air- cooled, 6 percent; granu- 
lated, 10 percent; and expanded, 8 percent. 
Of the total blast-furnace slag sold or used, 
more than 91 percent went to products 
used in the construction or maintenance 
of roads, buildings, railroads, or airports, 
or into construction accessories such as 
mineral wool. The balance was used in 
glass manufacture, as a sewage trickling 
filter medium, or as agricultural slag. Note- 
worthy shifts in the slag consumption 
pattern in 1968 were an increase in the 
use of screened air-cooled slag in pavements, 
roofing, construction and sewage systems, 
and an increase in the use of expanded slag 
in lightweight concrete. The amount of 
blast-furnace slags used as an aggregate in 
the manufacture of concrete blocks dropped 
33 percent from that used in 1967. 


In view of the increasing emphasis on 
highway safety, an article concerning the 
construction and performance aspects of 
the Indianapolis Speedway was particularly 
significant. The slag-sand overlay, applied 
to the 2½-mile track in 1962, reportedly 
"never gets slick" and has easily withstood 
the punishment and stress of racing cars 
traveling at speeds up to 200 miles per 
hour. An article was published describing 
the advantages of using a slag slurry seal to 
rejuvenate old roads in the Buffalo, N.Y. 
area.“ The role of blast-furnace slag in the 
construction of a $500-million steel plant 
by Bethlehem Steel Corp. at Burns Harbor, 
Indiana, was described.* 


2 Engineering News-Record. Speedway Faster 
Than Ever After 60 Years. V. 181, No. 22, May 
30, 1968, pp. 26-27. 

3 Constructioneer (South Edition). Old Roads 
Get New Life With Slag Slurry Seal. Nov. 265, 
1968, pp. 32-34. 

4 Rock Products. Bethlehem Plant To Use 
500,000 Tons of Slag. V. 70, No. 12, December 
1967, p. 114. 
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Table 4.—Air-cooled iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Thousand short tons and thousand dollars) 


1967 1968 
T Screened Unscreened Screened Unscreened 
se — —sv (—— — A 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
Aggregate in: 
Portland-cement concrete 
construction: 
trueture s 1,461 82,959 1,284 $2,461 1 $1 
Pavements................-- 933 2,628 ..... ...-- 1,378 2,8999 
Bituminous construction (all types). 3, 462 6,38 ..... ..... 3,661 6,929 249 109 
Highway and airport construction 1. 10,013 16, 647 275 3337 9,282 16,785 94 110 
Manufacture of concrete block 426 9 naa- 264 464 ..... ...-- 
Railroad ballast_-__ --------- 4,108 5,908 ..... ....- 4,228 6,149 ..... ....- 
Mineral wool....................-..- 389 GIS) zonis hos 890 612 26 20 
Roofing slag: 
Cover materiall 425 1,262 2:2 25262 352 1,061 V 
Ill 8 48 22444 aa- 167 8 ee 8 
Sewage trickling filter medium 7 Id" Bese, ss 24 A0 set Wadai 
Agricultural slag, liming............... 2 d. Xo ELM secet 2 R E. 
Other uses 1,057 1,821 777 468 781 1,804 1,457 1,258 
OUR WEE EE 22,926 39,204 1,052 800 21,757 39,084 1,826 1,493 


1 Other than in portland-cement concrete and bituminous construction. 
Source: National Slag Association. 


Table 5.—Granulated and expanded iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Thousand short tons and thousand dollars) 


1967 1968 
Use Granulated Expanded Granulated Expanded 
Quan- Value Quan- Value oan: Value Quan- Value 
tity tity tity tity 

Highway construction and fill (road, ete.) 1,952 $2,440 ..... ..... 1,643 $2,809 ..... ...... 
Agricultural slag, liming................ 69 Ee "n. Bete 59 JUS Ll pees 
Manufacture of hydraulic cement........ 1,210 NA n ----- 914 INA: ͤ adast 
Lightweight concrete 320 $968 ..... ...... 718 $2,233 
Aggregate for concrete-block manufacture. 867 NA 2,061 6,080 131 NA 1,438 3,809 
Größ ⁵³ð¹m 88 261 279 75 264 197 215 59 209 
Total dmm nA Be te 8,760 12,834 2,456 7,262 2,944 12,631 2,215 6,251 


NA Not available. 

! Excludes value for manufacture of hydraulic cement and granulated aggregate for concrete-block manu- 
facture 1967-68. 

Source: National Slag Association. 


Table 6.—Steel slag sold or used by processors in the United States, in 1968, by uses 


(Thousand short tons and thousand dollars) 


Use Quantity Value 
Railroad ballssat 2.2.22 22222 LLL ccc eee ee 792 $709 
Highway base or shoulders- ....... 22 2. 2. 2 LLL Lc Les c cesses seas c 1,665 1,600 
Paved-ured ENER 1,171 925 
Miscellaneous lll ⁵³ 1,390 1,253 
Bituminous mixes_____ ⁊ĩ² ͥ a k kd 479 
Aprieülitural: õ o·w-m. ⁰˙ ³ꝓꝓꝓꝓ— g cen E u ee 85 296 
MM ĩ7˙¹ÜG l: k x ꝙVꝙBP“öͤmqN;g NT Ae i rne e get eatin m 627 469 
TOC a m u EE y K k y pg et 6,209 5,897 


! Does not include tonnage returned to furnaces for charge material. 
Source: National Slag Association. 
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PRICES 


The average value reported for total 
blast-furnace slag production increased 
from $1.69 per ton in 1967 to $1.72 per 
ton in 1968. However, because slag with 
diverse characteristics was produced for a 
variety of uses, values ranged from $0.60 
per ton for material which received little 
processing to $3.52 per ton for smaller 
quantities of slag which required a high 


degree of screening, sizing, and washing to 
meet rigid specifications. 

Prices for crushed slag  (air-cooled, 
screened) used as aggregate were published 
monthly for major U.S. market areas in 
Engineering News-Record. In December 
1968, quoted prices ranged from $1.16 to 
$2.50 per ton for both I- inch and 
34-inch crushed slag. 


Table 7.—Average value of iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Per short ton) 
Air-cooled 
Use Screened Unscreened Granulated Expanded 
1967 1968 1967 1968 1967 1968 1967 1968 
te in: 
ortland-cement concrete construction... $2.33 $2.01 ..... ..... „„ „„ 
Bituminous construction (all types) I ³1 Gaium Asose Sanas 
Highway and airport construction !..... 1.65 1.80 $1.28 $1.16 25 $1.40 ..... ..... 
Manufacture of concrete block......... 1.19 1.76. 2s sbeas 1.80 $2.92 & 65 
Railroad ballast.........................- 1:44 (1:46). zu Lu 22202 kt . eke 
Mineral wool...........................- /f cle. seesaw ( wees 
fing - 
Cover material... -2-2-2-2 8.00- 3.00 oase ine o Lise , Seba 
Granules...................... ui /// ² ↄ A %⅛Ä2ĩ ð d Gnas 
Sewage trickling filter medium // ³o¹¹m /h Ad ĩðꝛ xd. 
Agricultural slag, Hming. 1.87 188 abusa 1.57 . 1:80... essas 
Other useg 1.78 1.78 . 60 86 1.06 1.69 28758 28.52 


1 Other than in portland-cement and bituminous construction. 
3 Does not include slag for use in lightweight concrete valued at $3.04 per ton in 1967 and $3.11 per ton in 


Source: National Slag Association. 


TECHNOLOGY 


A process developed by the British firm, 
Fisons Ltd., for upgrading basic slag from 
steel making is of special interest to steel 
producers and slag processors in countries 
where basic slag sold as fertilizer must meet 
a certain minimum soluble phosphate 
specification. The process features a high- 
intensity magnetic separation technique 
which splits finely powdered slag into a 
phosphate-rich fraction and an iron-rich 
fraction. The former, containing 2 to 3 
percent phosphate, is sold as fertilizer; the 
latter is recycled to the blast furnace." 

Research on slagceram continued in 1968 
at the Chemistry Department of the 
British Iron and Steel Research Association 
(BISRA), London, England. Slagceram, 
first developed in 1965, is a product made 
by heating a mix of iron-blast-furnace slag, 


sand, and a nucleating agent such as 
chromium, titanium, or iron. From this, 
bricks, tiles, and wallblocks can be made 
which can be given a polish or enameled 
finish in a variety of colors and textures. 
With the aid of an electron microprobe it 
was determined that sulfur, in concentra- 
tions below that detectable by chemical 
analysis, plays a significant role in the heat- 
treating process, and thus is an important 
factor in the production economics of 
slagceram.° 

The flow and blending of blast-furnace 
and open-hearth slag through four plants 
of Vulcan Materials Co.’s Southeast Divi- 


S EA Engineering. V. 75, No. 3, Jan. 29, 
19 p 

6 BISRA Annual Report for 1968 (London). 
Process Chemistry, Slagceram, p. 38. 


SLAG—IRON AND STEEL 


sion were described. The plants are located 
within 6 miles of each other in the Birming- 
ham, Ala., area at Exum, Ensley, Fairfield 
and Wylam. Open-hearth slag is sized at 
the Exum Plant, then blended with blast- 
furnace slag at the Ensley and Fairfield 
Plants. Fines from Fairfield are shipped 
to Wylam for further processing and 
bagging. Source of the open-hearth slag is 
a 20-million ton waste slag pile at Exum, 
formed since the startup of U.S. Steel 
Corp.’s Fairfield Steel Works in 1910. 
Blast-furnace slag is obtained at Fairfield 
from adjacent hot pits and from a waste 
pit at U.S. Steel Corp.’s Ensley Works. 
Part of the blended aggregate product is 
consumed at the Fairfield site by a roofing 
granules facility and by an on-site cus- 
tomer’s asphalt plant, and the rest is 
shipped to customers. Part of the open- 
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hearth slag product at Exum does not enter 
the blending process but is shipped back to 
the steel plant for blast furnace sintering 
operations.’ 

New product development and the re- 
sultant growth of a slag processing com- 
pany were summarized, and a process for 
making headlap roofing granules from blast- 
furnace slag was described in detail. In 
addition to roofing granules, other products 
obtained from the process are a high- 
alumina content additive used in manu- 
facturing glass bottles and a mineral filler 
used in fabricating sound deadening panels 
for the automotive industry. 


7 Levine, Sidney. Open-Hearth Slag Produces 


New Aggregate Blends. Rock Products, v. 71, 
No. 5, May 1968, pp. 122-128. 

8Pit & Quarry. New Products From Blast 
Wë ae Slag. V. 60, No. 8, February 1968, pp. 
94-98. 
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Sodium and Sodium Compounds 


By Benjamin Petkof ! 


Domestic production of sodium com- 
pounds increased slightly during 1968 with 
the proportion of total production derived 
from natural sources showing a marked in- 


crease. Green River, Wyo., continued to be 
the major production area for naturally 
derived soda ash to meet industrial re- 
quirements. 


DOMESTIC PRODUCTION 


Total output of natural and manufac- 
tured sodium carbonate (soda ash) rose 
very slightly in 1968. Production of manu- 
factured material declined 6 percent, but 
production from natural sources increased 
18 percent. Soda ash derived from natural 
sources increased to 31 percent of total 
production, which may indicate increasing 
industrial reliance on natural material. 

Soda ash derived from natural sources 
was produced in California from dry lake 
brines and in Wyoming from underground 
bedded trona deposits. California producers 
were American Potash and Chemical Corp., 
PPG Industries, Inc., and Stauffer Chemical 
Co. Early in 1968 Pittsburgh Plate Glass 
terminated production. Wyoming producers 
were Allied Chemical Corp., Inorganic 
Chemicals Division of FMC Corp., and 
Stauffer Chemical Co. of Wyoming. 

Total production of manufactured and 
natural sodium sulfate increased 8 percent 
from that of 1967. About 48 percent of the 
total output was produced from natural 
sources at three operations in Texas, three 
in California, and one in Wyoming. 

In California, American Potash and 
Chemical Corp. and Stauffer Chemical Co. 
recovered sodium sulfate from dry lake 
brines at the Trona and Westend plants, 
respectively, and United States Borax and 
Chemical Co. recovered sodium sulfate at 
plants in Wilmington and San Francisco. 
The Ozark-Mahoning Mining Company re- 
covered salt cake from subterranean brines 
at its Brownfield, Monahans, and Seagraves 
operations in Texas. The William E. Pratt 


Sodium Co. removed a small quantity of 
sodium sulfate from dry lake beds near 
Casper, Wyo. 

Sodium metal production declined trom 
163,448 short tons in 1967 to 156,859 tons 
in 1968. Sodium and its coproduct chlorine 
were produced by electrolysis of molten 
salt by three companies at five plants: 
E. I. du Pont de Nemours & Co., Inc., at 
Niagara Falls, N.Y., and Memphis, Tenn.; 
Ethyl Corp., at Baton Rouge, La., and 
Houston, Tex.; and Reactive Metals, Inc., 
at Ashtabula, Ohio. 


Table 1.—Manufactured sodium carbonate 
produced and natural sodium carbonates 
sold or used by producers in the 
United States 


(Thousand short tons and thousand dollars) 


Manu- 
factured 
soda Natural sodium 
ash carbonates : 
Year (ammonia- 
80 
process)! 
Quan- Quan- Value 
tity tity 
196... 4,948 1,275 $80,451 
1965 ee 4,926 1,494 34,717 
1966 Soa r 5,071 1,788 40,674 
1961. 8 r 4,849 r 1, 726 40, 539 
19888 ———U—— ... p 4, 553 2.048 42,104 
r Revised. PPreliminary. 


1 Bureau of the Census. Includes quantities used 
to manufacture caustic soda, sodium bicarbonate, 
and finished light and dense soda ash. 

? Soda ash and trona (sesquicarbonate). 


1 Physical scientist, Division of Mineral Studies. 
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Table 2.—Sodium sulfate produced and sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


Year 
))) ³ð 
II)). ³¾ K ĩð v a eis 
. èðé dd RO MN 
J he ie ee E DNE 
pE: e ut cc ceo Eee EEN RP EE 


Production Sold or used by 
(manufactured and producers 
natural) 1 (natural only) 
Anhydrous 
Salt cake refined Quantity Value 
(crude) * (100 percent 
Na:SQO,) 
ME 926 889 575 $10,989 
RE 976 428 620 11,024 
-... 1,009 436 640 11,271 
"— r 945 r 419 637 10,710 
-... P1,068 p 409 700 12,729 


EE 


r Revised, P Preliminary. 
1 Bureau of the Census. 


2 Includes production of glauber salt converted to 100 percent Na2SQ,. 


CONSUMPTION AND USES 


The consumption and use pattern of 
sodium carbonate, sodium sulfate, and 
sodium metal remained relatively un- 
changed from previous years. About two- 
fifths of total sodium carbonate production 
was used in the production of glass, about 
one-fourth in chemicals, and about one- 
tenth in pulp and paper. The remainder 
was used for miscellaneous purposes such 
as soap and detergents, aluminum produc- 
tion, and water treatment. 

Kraft paper production continued to 
require the major portion of sodium sulfate 
production. Sodium sulfate was used also in 


the manufacture of glass, ceramic glazers, 
detergents, stockfeeds, dyes, textiles, medi- 
cines, and miscellaneous chemicals. 
Metallic sodium was used primarily in 
the production of tetraethyl and tetra- 
methyl lead compounds, which are used 
as additives to motor fuels to improve their 
antiknock qualities. Possible areas for future 
increased consumption of sodium metal are 
in the reduction of titanium tetrachloride 
to titanium, the sodium sulfate battery for 
electric cars; polyethylene-clad, sodium 
cored electrical conduction cable and 
sodium-cooled  breeder-type nuclear re- 
actors. | 


PRICES 


Prices of sodium compounds showed 
some variation during the year. Price quo- 


tations during 1968 in the Oil, Paint and 


Drug Reporter were as follows: 


Compound Price 

Sodium carbonate (soda ash 58 percent Na; O): 

Light, paper bags, carlots, works- .-.-.-------------2--1-aaaaoMMnaMMnMMMO per hundred weight.. $2.05 

Light, bulk, earlots; oe. EE use eid do.... 1.55 

Dense, paper bags, carlots, work oe eee ee eee do- 2.15 

Dense, bulk, carlots works enEsrLwdedseeLs eee ee do 1. 60 
Sodium sulfate (100 percent Naz SO): 

Technical detergent, rayon grade, bags, carlots, works do.... 40.00 

Technical detergent, rayon grade, bulk, oworksa -2-2020 naaoaaauaeennnsnMnMsMsMsMo do.... 38.00 

Domestic salt cake, bulk, works: do.... 28.00 

National Formulary (N. F. VII), drums -.----022----0oaaaeaaMaMaMMaMMasMnMMM per pound 28 
Metallic sodium: 

Bricks, Carlota, x ß Sk ee cee do 24 

» lots of 18,000 pounds and more, works do 23 
Bull; tank, Workg= uu uuu; uu Tay ß d ee ee do 18 


1 Delivered east of the Mississippi River. 


SODIUM AND SODIUM COMPOUNDS 
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FOREIGN TRADE 


Exports of sodium sulfate doubled in 
1968 with almost three-fourths of the 
material going to Canada, Mexico, and 
Japan. Almost 4 percent of total sodium 
sulfate production was exported compared 
with about 2 percent in 1967. 

Exports of sodium carbonate declined 5 
percent from those of the previous year 
and represented about 4 percent of domes- 
tic production. Almost three-fifths of total 
exports were destined for Canada. Varying 
smaller quantities went to other nations. 

Imports of sodium sulfate increased 5 
percent over those of the previous year with 
all of the material coming from Canada, 


Tariff 
rate per 
short ton 

Sodium carbonate: 
Calcined (soda ash) ................ $4.00 
Hydrated and sesquicarbonate 4.00 
Sodium sulfate: 
Crude (salt cake) .................- Free 
Anhydrou ss . 40 
Crystallized (glauber salt)) we 80 


Table 3.— U.S. exports of sodium carbonate 
and sodium sulfate 


(Thousand short tons and thousand dollars) 


Sodium carbonate Sodium sulfate 


Belgium-Luxembourg, West Germany, and Year — T 
Netherlands. bros Value pire Value 
1 
At the yearend new tariff rates were 
established for imports of sodium com-  1966......... 346 $12,249 28 $779 
pounds effective January 1, 1969, as 1868 288 3.181 56 1,844 
follows: 
Table 4.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 
y Crude (salt cake) Anhydrous Total ! 
ear 
Quantity Value Quantity Value Quantity Value 
KEE 228 $8 , 769 18 $205 287 $3,981 
1961.2... aw cowed 278 4,812 15 190 r 289 r 4,508 
1968____...... .. e 279 4,721 25 877 805 5,108 


r Revised. 
1Includes glauber salt, as follows: 1966, 602 tons ($6,981); 1967, * 662 tons * $5,948; 1968, 1,277 


tons ($10,107). 


WORLD REVIEW 


Canada.—The western Canadian sodium 
sulfate industry has expanded to meet the 
requirements of the kraft pulp industry. 
Almost all of Canada’s sodium sulfate 1s 
used as a chemical in the production of 
kraft pulp and paper. Sodium sulfate pro- 
duction in Saskatchewan increased to 469, 
076 tons in 1968 and was valued at $8 
million. With eight plants in operation, 
including one new plant per year, Canadian 
production capacity reached 800,000 tons 
per year.“ 


Colombia.—Exports of sodium carbonate 
to Peru and Chile were initiated from a 
plant at Cartagena on the Atlantic coast. 
The plant has a production capacity of 
82,000 tons per year and uses sea salt and 
limestone as starting materials.* 


2 Canadian Mining Journal. V. 90, No. 2, 
February 1969, p. 12b. 

3 European Chemical News (London). Colom- 
bia Exports Sodium Carbonate. V. 13, No. 320, 


Mar. 22, 1968, p. 8. 
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Stone 


By Paul L. Allsman ! 


Domestic production of stone in 1968 
was 819 million tons valued at $1.32 billion, 
compared with 786 million tons valued at 
$1.24 billion in 1967. Production of dimen- 
sion stone in 1968 rose 72 percent in ton- 
nage and 4 percent in value from 1967 
levels. Dimension stone represented .4 per- 
cent of the tonnage and 7.6 percent of the 
total stone value. 

Crushed stone production rose 4 percent 
in tonnage and 6 percent in value com- 
pared with 1967 levels. Main uses of 
crushed stone were as concrete aggregate 
and roadstone, 64 percent; cement manu- 
facture, 13 percent; riprap, 3 percent; 
agricultural stone; (agstone), 5 percent; 
lime and deadburned dolomite manufac- 
ture, 4 percent; fluxstone, 4 percent; and 
railroad ballast, 2 percent. 


Legislation and Government Programs.— 
Regulations concerning depletion allow- 
ances as they pertain to the stone industries 
were summarized for the National Lime- 
stone Institute during 1968. Important 
regulations are summarized below: 

Size reduction is specifically considered 
not to alter the inherent mineral content; 
consequently crushed limestone is in the 
general classification of crude mineral prod- 
ucts. Other processes allowable as crude 
mineral treatment include sorting, concen- 
trating, and sintering, including processes 
incidental to these. Specific processes in- 
clude all mineral dressing methods and 
flotation, crushing and coarse grinding for 
limestone, dolomite, granite, marble, and 
other stone. Specifically excluded is fine 
grinding.“ 


Table 1.—Salient stone statistics in the United States? 
(Thousand short tons and thousand dollars) 


1964 
Ship or used by producers: 
imension gtone .--.------------ 2, 54 

G cece dese EE $96,970 
Crushed stone 723,038 
alijó.. ͤ eee cd $1,037,594 
Total stone. ....................- 725, 583 
ECHT $1,134,564 
Exports (value)) 858, 706 
Imports for consumption (value) $23,753 


1 Includes slate. 


1965 1966 1967 1968 
2,408 2,927 2,0 8,457 
$92,285 $89,814 395,472 599, 648 
777,839 811,047 783,581 815,946 
$1,111,596 $1,170,901 $1,144,772 $1,218,105 
0,242 813,374 185,592 19,4 
$1,203,831 $1,260,715 $1,240,244 $1,317,753 
$7 , 598 $9 ,442 $9,40 ; 
$20,414 $20 , 739 $19 , 823 $24,628 


DIMENSION STONE 


DOMESTIC PRODUCTION 


Of the total quantity of dimension stone 
sold or used by producers in 1968, granite 
comprised 20 percent; limestone, 17 per- 
cent; sandstone, 9 percent; miscellaneous 
stone, 46 percent; slate, 4 percent; marble, 
3 percent; and basalt, 1 percent. A 72 per- 
cent increase in production of dimension 


stone in 1968 wás due entirely to increased 
use of miscellaneous rough block, irregular 
shaped stone, and rubble in construction, 
as urban reconstruction programs began to 
take effect notably in California. 


! Mineral specialist, Division of Mineral Studies. 


2Pit and Quarry. New Depletion Regulations 
for Limestone Producers. V. 61, No. 4, October 
1968, pp. 81-88. 
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Jim Walter Corp. announced agreement 
to acquire the Georgia Marble Co., Atlanta, 
Ga. in a stock exchange. The transaction 
was valued at $23 million. Georgia Marble 
Co. produces structural marble and lime- 
stone, monumental marble, crushed stone 
and calcium products, at 14 plants and 
quarries in:seven States. Landmark Granite 
Co. purchased a plant of the Georgia 
Marble Co.’s Continental Granite Division, 
in a separate transaction. The plant at 
Elberton, Ga., produces Royalty Blue 
Granite, Carolina pink and mahogany, and 
black granite.® | 

The importance of rising costs to dimen- 
sion and monument stone producers was the 
subject of an article. Retailing, manufac- 
turing, and tax costs have risen, while 
dealers have attempted to keep prices low 
to meet competition from other products.' 

The Iowa Limestone Producers Associa- 
tion held its 23d annual convention in Des 
Moines. Highlights of the program included 
labor and tax legislation, highway and 
agricultural conservation programs, recla- 
mation of surface-mined property, utiliza- 
tion of mining sites for other purposes, and 
an important panel on safe blasting pro- 
cedures.* The Building Stone Institute held 
its Golden Anniversary Convention in 
Miami, Fla. Important topics on the 
program were automatic data processing, 
stone-faced precast applications, new mar- 
kets for stone, new developments in build- 
ing construction, architectural results, and 
a business seminar. 


CONSUMPTION AND USES 


Consumption was higher in 1968 for all 
types of dimension stone except sandstone 
and slate. Tonnage of stone used in 1968 
compared with 1967 was: granite, up 7 
percent; limestone, up 7 percent; marble, 
up 20 percent; sandstone, 10 percent less; 
slate, the same as last year; miscellaneous 
stone, up 827 percent, largely in the low- 
priced irregular broken stone and rubble 
category. 

Potential new uses for dimension stone 
were highlighted by an architectural mar- 
keting study. Esthetic selection and knowl- 
edge of stone by architects, builders prefer- 
ences, sales efforts by stone companies, and 
availability of stone masons were listed as 
directly affecting consumption of stone. 
Possible standardization of physical and 
chemical tests of architectural stone, and 
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their value as selling tools, were also 
surveyed.’ 

New varieties and uses of dimension stone 
attained prominence during the year. Blue- 
stone, sawn into dimension slabs by Helde- 
berg Bluestone and Marble, Inc., Unadilla, . 
N.Y., was texturized by flame burning to 
provide a highly ornamental structural 
material for a library at Troy, N. v. 

Modern construction systems and innova- 
tions may result in lower costs and conse- 
quent increased consumption of building 
stone. Development of prefabricated stone 
construction units was described. Epoxy 
bonding systems are being widely used to 
assemble stone panels in the dimension 
stone industry. Construction of the new 
Indiana Convention-Exposition Center in 
Indianapolis, using only bonded panels of 
Indiana limestone, was described.” 

A new publication on dimension stone 
was issued during the year. The work covers 
uses and properties of stone, known re- 
sources of interest, and quarrying, manu- 
facturing, and technology of use of dimen- 
sion stone." 


PRICES 


Average values (dollars per ton) are 
listed below for dimension stone, as re- 


ported to the Bureau of Mines: 
EEN 


Building Monu- 
mental 
spd i ging 
Rough Dressed an 

Granite $17.50 $78.00 393.00 
Marble. -00 200.00 265.00 
Limestone....... 15.00 42.00 ...... 39. 50 
Sandstone. ...... 14.75 41.00 ...... 46.00 
late 54.50 160.00 ...... 28.00 
Miscellaneous. 3.00 12.500 18. 00 


eee ĩ eee eee 

3 Elberton Graniteer. Landmark Granite com- 

pany pens Operations. V. 12, No. 3, Summer 
» D. 9. 

* Carr, Gordon D. Rising Costs. American Art 
in Stone, v. 68, No. 1, January 1968, pp. 9-10. . 

5 Pit and Quarry. Iowa Limestone Producers 
Review Industry's Future. V. 60, No. 10, April 
1968, pp. 122-129. 

° Building Stone News. Golden Days Ahead: 
Register for 50th Anniversary Convention. V. 
9, No. 3, September 1968, pp. 1, 4. 

7 Makens, James C. Part I—The Overlooked 
Architect: Part II—The Awareness Gap: Do 
Tests Aid the Building Stone Industry? Stone 
Mag., v. 88, Nos. 4, 6, 8; April, May, August 
1968; pp. 20-21, 16-17, 19. 

8 Clift, Tom. Thermally Textured Bluestone 
Used in Dual Structural-Ornamental Role. Stone 
Mag., v. 88, No. 12, December 1968, pp. 6-10. 

? Burrell, Jim. Prefabricated Stone Units Can 
Cut Overall Building Costs 10% to 40%. Stone 
Mag., v. 88, No. 9, September 1968, pp. 8-11. 

10 Stone Magazine. Bonded Panels Speed Con- 
struction of Convention Center. V. 88, No. 10, 
October 1968, pp. 8-10. 

1Barton, William R. Dimension Stone. Bu- 
Mines Inf. Circ. 8391, 1968, 147 pp. | 


STONE 


FOREIGN TRADE 


In 1968, Canada received 69 percent of 
U.S. building and monumental stone ex- 


ports. The Bahamas received 4 percent and . 


Mexico 5 percent. 

Italy was the leading source of imports 
of dimension stone, 69 percent; followed 
by Canada and Portugal, with 9 percent 
each. Leading import items were polished 
marble, 32 percent; marble or onyx manu- 
factures, 20 percent; block granite, 15 per- 
cent; nonroofing slate, 10 percent; and 
sawed travertine, 7 percent. 


WORLD REVIEW 


Greece.— Marble production should reach 
300,000  tons-per-year within 5 years, 
double that of 1967. Best known producing 
localities are (white marble) Mount Pente- 
licon, Kozani, and Paros Island; Tenos 
Island (green marble), Mani (red marble), 
Skyros Island (multi-colored marble), and 
Vytina and the Peloponnese (black marble). 
Hellenic Marble, S.A., is studying the 
potential of the marble industry. 


TECHNOLOGY 


Flame channeling for cutting quarry 
minerals has nearly replaced mechanical 
channelers. Use of compressed air in place 
of pure oxygen has affected significant cost 
reductions. Channels are burned up to 25 
feet depth and lengths well over 100 feet.” 


CRUSHED 


DOMESTIC PRODUCTION 


Production of crushed stone reached a 
record high in 1968 of 816 million tons, 
1 percent higher than the 1966 total of 811 
million tons. The record year made up 
the 3 percent slump in tonnage of crushed 
stone produced in 1967. Crushed stone 
production has risen an average of 3 per- 
cent a year for the last five years, setting 
an enviable pace in the construction mate- 
rials industry. 

A number of plant descriptions were 
published during the year; modern engi- 
neering features were illustrated at several 
plants. San Xavier Rock and Materials 
Division added a new, automated concrete 
and block plant to its aggregate plant in 
Tucson, Ariz. Crushed stone and all other 
materials for a wide variety of ready mixed 
and concrete block products is produced 
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Wire sawing was the subject of a special 
two-part article by the Electro Minerals 
Division of The Carborundum Co. Different 
sizes of wires and abrasive grades are used 
for different lengths of cuts. Operational 
factors which affect sawing efficiency were 
examined. Skillful sawing may produce 
finishing and polishing effects in cut stone.” 

Diamond blades are often used for cut- 
ting granite building blocks, because of its 
unusual hardness. Costs per square foot for 
cutting dimension stone were summarized: 


Cents 
oe (30 types) 65 
High-eilica sandstone. ....- 11 
Dolomitic limestone....... 9 
Marbles.............--..- 8 


Seventeen diamond wheels were studied by 
the Norton Co. Grinding Wheel Division, 
cutting many types of stone at the Vermont 
Marble Co. Plant, Rutland, Vt.“ 

A portable Model FA 200-A Browning 
Burner was adapted for use as a modern, 
efficient prospecting tool for dimension 
stone. The fuel-air channeler replaces the 
wedge and shim, channel bar and drilling, 
or portable oxygen tanks of the traditional 
prospecting outfit used for quarrying sam- 
ple saw blocks.“ 


STONE 


locally.? Mechanization in the 55-foot-high 
limestone bed at W. S. Frey Co.’s Clear- 
brook, Va., quarry was described. Hydrau- 
lic-boom drills and scaling ladders are used 
to mine 45-foot-wide rooms in a 100-foot- 
thick deposit." One of the industry's most 
efficiently engineered plants, General 


12Browning, J. A. Compressed Air Powers 
Flame Channeller. Stone Mag., v. 88, No. 1, 
January 1968, 3. 

18 Fitch, Runanil W. Wire Sawing—An Opera- 
tor’s Guide (Parts 1 and 2). Stone Mag., v. 88, 
ed 2, 8; February, March 1968, pp. 16-18; 

14 Luce, Evan C. How To Evaluate and Predict 
Costs of Cutting Granite With Diamond Blades. 
Stone Mag., v. 88, No. 6, June 1968, pp. 21-23. 

15 Aston, R. Lee. New Prosp ng Tool for 
Dimension Stone. Stone Mag., v. 88, No. 8, 
August 1968, p. 20. 

16 Papineau, Don. Tucson’s 5 Triangle. 
ura Concrete, v. 82, No. 2, June 1968, pp. 

—53 

17 Beck, Sidney E. Custom-Tailored Drills Meet 
Tough Roof Bolting Challenge. Rock Prou., v. 
71, No. 9, September 1968, pp. 100—101. 
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Crushed Stone Co.’s 300-ton-per-hour in- 
stallation at Skaneateles, N.Y., is com- 
pletely utilized with full interchangeability 
of equipment, giving flexibility for peak 
production of any aggregate specification.“ 

The new 700-ton-per-hour crushed gran- 
ite plant of Vulcan Materials Co. at Lithia 
Springs, Ga., has produced 16 screened 
aggregate sizes, eight of them at one time; 
fines are ponded or sold.” The modern 
800-ton-hour aggregates plant of Standard 
Slag Co. at Marblehead, Ohio, on the 
site of a former do!omitic fluxstone plant, 
now produces premium concrete aggregates 
from the A and B limestone ledges under- 
lying the dolomite.” 

Limestone proved a versatile material, as 
the crushed stone industry made a great 
variety of products for engineering projects. 
Germany Valley Limestone Co. produced 
coal mine rockdust, high-purity stone for 
steel flux lime, limestone sand for glass 
manufacture, agricultural stone (agstone), 
chemical stone for paper pulp plants, and 
road metal at its Riverton, W. Va., 
operation.” Both crushed limestone and 
sand and gravel for the $1.2 billion Arkansas 
River Project are being produced by two 
new plants of W. D. Jeffrey, at Webbers 
Falls, Okla.; the stone plant will furnish 
any specification material, riprap, and agri- 
cultural limestone.” 

Plant expansion was a notable trend as 
new construction projects and high-speed 
concreting schedules demanded additional 
aggregate tonnage. Surge piles enabled 
Curtis Construction Co. to meet aggregate 
demands as joint-venture contractors ex- 
ceeded scheduled concrete yardage on the 
Little Goose Lock and Dam Project at 
Dayton, Wash.” Campbell Limestone Co. 
increased plant capacity at its Beverly, 
S.C., crushed granite plant to 1,200 tons 
per hour, and left room for expansion to 
1,700 tons per hour, if demand warrants.” 
A new, modern 800- ton-per-hour granite 
gneiss aggregate plant was put onstream, 
to produce nine basic sizes of portland 
cement and bituminous concrete aggregates 
for the diversified interests of Glen Gardner 
Quarry Corp., Glen Gardner, N.J.” 


CONSUMPTION AND USES 


Consumption was higher for most kinds 
of crushed stone in 1968. Compared with 
last year, granite used was up 12 percent; 
calcareous marl dropped 1 percent; lime- 
stone rose 6 percent; marble rose 14 per- 
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cent; sandstone dropped 1 percent; shell 
dropped 9 percent; traprock rose 7 percent; 
and miscellaneous stone dropped 40 per- 
cent. The most important uses were for 
road metal, 27 percent of the total in 1968; 
concrete aggregate, 17 percent; and cement 
manufacture, 13 percent. 

The growing needs for agricultural lime- 
stone were forecast by the National Lime- 
stone Institute. Two to three times the 
amount of liming is needed as is actually 
used for various soil conditions in the U.S.” 
Agstone needs in Texas were estimated at 
8 million tons, to correct soil acidity alone. 
Use of agricultural limestone in Australia 
was the subject of a feature article. Use of 
agstone is about one-tenth that in the 
United States per capita, but with un- 
limited potential for growth.” 

Growing uses for aggregates were de- 
scribed, with the problems of acceptable 
specifications in producing them. Improved 
technology and equipment make possible 
meeting a greater number of contractor’s 
specifications for aggregates.” 

Growing use of ground marble as a filler 
in carpet backing was pointed up as the 
Georgia Marble Co. built a new calcium 
carbonate plant at Dalton, Ga. Forty 
different grades of marble whiting are 
produced.” Use of oystershell as a raw 


18 Herod, Buren C. General Crushed Stone's 
Portable Plant Complex. Pit and Quarry, v. 61, 
No. 2, August 1968, pp. 72-76, 107. 

19 Trauffer, Walter E. New Georgia Crushed 
Granite Plant. Pit and Quarry, v. 6, No. 12, 
June 1968, pp. 70-76. 

29 Herod, Buren C. ‘Standard gr s Marblehead 
Plant. Pit and Quarry, v. 60, No. 9, March 1968, 
pp. 90-95. 

21 Levine, Sidney. High-Purity Limestone Gen- 
erates Highly Profitable and Versatile Output. 
Rock Prod., v. 71, No. 8, August 1968, pp. 


66—68. 

22 Pit and Quarry. New Crushed Stone Plant 
and Floating Sand Plant Supply Arkansas River 
Project. V. 60, No. 8, February 1968, pp. 118, 


19. 

23 Pit and Quarry. Aggregate Plant Meets 
Heavy Concrete Schedule. V. 60, No. 12, June 
1968, pp. 120-123. 

% Trauffer, Walter E. Expansion of Campbell's 
Beverly Plant in South Carolina. Pit and Quarry, 
v. 61, No. 5, November 1968, pp. 66-77. 

2 Herod, Buren C. Young Firm Enters Indus- 
try With Outstanding New Plant. Pit and 
Quarry, v. 61, No. 2, August 1968, pp. 86-91. 

26 Smith, Arthur M. Pulverized Limestone— 
Tonnage Used Versus Estimated Needs. Comm. 
Fert. and Plantfood Ind., v. 116, No. 2, February 
1968, pp. 14-17. | 

27 Hoskins, K. C. Liming Down Under. Lime- 
stone, v. 5, No. 15, Spring 1968, pp. 22-28, 
49—51. 

2 Dunn, James E. The Place or Point and 
Conditions of Acceptance of Construction Aggre- 
gates. Pit and Quarry, v. 60, No. 11, May 1968, 
pp. 96-98, 104. 

39 Work cited in footnote 24, pp. 92-95. 


STONE 


material for cement manufacture was de- 
scribed. Shell is very desirable for cement 
and lime manufacture, because of its high 
purity, when suitable oyster reef reserves 
are available.“ 

Potential demand for road materials was 
forecast, based on proposed new highway 
and turnpike projects. Another 2, 500 miles 
of toll-highways are proposed, inclusive of 
tunnels, bridges, and toll facilities.” Traffic, 
and consequent demand for road materials 
and aggregates, is anticipated to double in 
most urban areas by 1985. 


PRICES 


Quotations in the Engineering News- 
Record for 1 ½ inch crushed stone in 1968 
ranged from $5.50 per ton in Minneapolis 
to $1.55 per ton in Birmingham. The aver- 
age price reported for 18 major cities was 
$2.68 per ton. Prices for M- inch crushed 
stone ranged from $5.50 per ton in Minne- 
apolis to $1.60 per ton in Birmingham and 
St. Louis, and averaged $2.75 per ton for 
19 cities. 

Typical price ranges for industrial fillers 
and extenders per ton, as quoted in the 
American Paint Journal, were as follows: 


8 n „ $38.00 
Slice, a ell, 20 mesh. ............ $20.00 
ipid di 825 mesh....... $28.00- $55.10 

ilica, ADM ultra-fine- 
grate eren SAN PAPST K en AA $65.00 
Silica, SEES FFF 320. 50— $45.40 


Weng precipitated, surface 


$48.00 
Whiting, dry ground, 325 5 314. 00— $19.00 
Whiting, precipitated, U. S. ..... 550. 00-8117. 00 
Whiting, precipitated, technical... $33.00- $44.00 
Whiting, natural water ground.... $37.00 


FOREIGN TRADE 


In 1968 Canada received 85 percent of 
U.S. exports of crushed stone, and the 
Bahamas 8 percent. Limestone flux and 
calcareous stone for cement and lime manu- 
facture accounted for 77 percent of export 
use. 

Canada was the main source of imports 
of crushed stone, 97 percent; and the 
Bahamas furnished 2 percent. Principal 
items were limestone chips and spalls, 55 
percent; stone crushed or ground, 43 per- 
cent; and marble, breccia, and onyx chips, 
2 percent. 


WORLD REVIEW 


Canada.— Industrial Minerals of Canada, 
Ltd., announced plans for a silica quarry 
and crushing plant at Killarney, Ontario, 
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and a $1.5 million processing plant in 
Midland, Ontario. The company also oper- 
ates a nepheline syenite mine at Nephton, 
Ontario, and silica mines at St. Canut and 
St. Donat, Quebec. 


South Africa, Republic of.— The largest 
road construction contract ever tendered 
was awarded for the Pretoria By-Pass and 
Transvaal carriageway, requiring over 
350,000 cubic yards of crushed stone. 
Northern Lime Co. is the largest supplier 
of lime and limestone in the country, | 
quarrying 3½ million tons of crushed stone 
annually at Silver Streams and Buxton.™ 
Growth of the cement industry has estab- 
lished limestone quarrying as a major 
industry. Pretoria Portland Cement Co. 
produces 2 million tons of limestone an- 
nually.? 


Upper Volta.— Two deposits of lime- 
stone, containing an estimated 30 million 
tons, were discovered at Tin Hassan. A 
United Nations survey team reported that 
local consumption would justify a 100,000- 


ton-per-year cement plant at nearby 
Tambao. 


TECHNOLOGY 


The Mining Research Division of the 
Bureau of Mines continued studies on the 
technology of crushed stone quarrying and 
related topics. Results of basic research on 
the strength of rock as it pertains to blast- 
ing or crushing of granite, sandstone, 
marble, and limestone were published.“ 
Rock mechanics experiments on under- 
ground quarrying supports enabled devel- 
opment of design criterion for concrete 
support joints. Complete predesign of 
underground openings using concrete sets 
may become possible, as quarry operators 
turn to underground methods as an impor- 
tant answer to growing surface mining con- 
flicts and the undesirable environmental or 


æ% Cosgrove, George V. Orange, Oyster, and 
55 pet Prod., v. 71, No. 8, March 1968, 
pp 

31 Wolff, Jerome B. A New Turnpike Era? 
Roads And Streets, v. 111, No. 7, July 1968, 
pp. 51-52. 

22 South African Engineering and Mining 
Journal. Northern Lime Still Growing. V. 79, 
No. 3925, Apr. 26, 1968, p. 1017. 

83 South African Mining and Engineering 
Journal Winning of Limestone for Cement 
Manufacture. V. 79, No. 8925, Apr. 26, 1968, 
PP. 1011-1015. 

34 Hoskins, John R., and Frank G. Horino. 
Effect of End Conditions on Determining Com- 
pressive Strength of Rock Samples. BuMines 
Rept. of Inv. 7171, Aug. 1968, 22 pp. 
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unsightly problems resulting from continu- 
ous surface quarrying.” 

Costs and operating efficiency of the 
front-end loader were analyzed, based on 
data from the Power Crane and Shovel 
Association; sand and gravel, blasted rock, 
or crushed stone all came within the dig- 
ging range of the front-end loader. Operat- 
ing costs of $35 per hour compare with 
those using a power shovel.” 

The 1,500-ton-per-hour crushing plant 
at the Yuba River Dam Project in Cali- 
fornia.was the subject of an article. A total 
of 7 million tons of diabase, described as 
the “hardest rock in the world,” will be 
required for aggregate.” The Dworshak 
Dam project in Idaho will require 12 mil- 
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lion cubic yards of granite-gneiss for aggre- 
gate. Plans for a quarry atop a mountain, 
and a crushing plant within the mountain, 
will enable low cost of aggregate production 
in steep terrain; scarred land will be land- 
scaped.* 


% Dorman, K. R., M. E. Road, and M. O. 
Serbousek. Three-Piece Concrete Sets for Small 
Openings: A Progress Report. BuMines Rept. of 
Inv. 7114, April 1968, 51 pp. 

36 Gillespie, R. W. Another Look at How To 
Load Rock. Rock Prod., v. 71, No. 12 December 
1968, pp. 67-69. 

37 Bergstrom, John H. Crushing “The Hardest 
Rock in the World". Rock Prod., v. 71, No. 12, 
December 1968, pp. 70-74. 

38 Etheridge, David C. Dworshak Dam: Aggre- 
gate Produced Inside Mountain. Construction 
Methodi and Equipment, v. 50, No. 5, May 1968, 
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Table 2.—Stone shipped or used by producers in the United States, by States 


(Thousand short tons and thousand dollars) 


1967 1968 
State — — —— v n. ———n < Tp 
Quantity Value Quantity Value 
Alabama LLL ee 18,371 $33,346 20,643 $33,847 
AT ii es ĩ v u i s E ME W W W W 
RT ß e Meee ra m 1,910 3,491 3,298 6,239 
An ⁵ d ae 8 17,454 23, 286 16,322 22,256 
California 37, 186 55, 263 36,125 52,671 
eier dh 8 2,992 5, 485 2,471 201 
Connecticut. __ aaan 5,097 10,141 6,383 12,729 
Delaware 210 „ 525 20 
../ ᷣ EN ĩ ( beets iu 33,971 38 , 723 1 36 , 692 1 46,5638 
G 44] is dee 23,418 49,953 26,903 56,177 
Hawaii... o i aoaaa eaaeo a oaae aooaa , 7,207 5,211 11,278 
Idaho. 2n: et Oe bte oe uns bunu uy ss 1,986 4,833 2,195 5,209 
III ³ y ⁵ĩ ee De SSS 48, 458 66,757 55,858 80,188 
EE, VT lucu oe cao ð 26,977 46,725 26,307 46,790 
OWB. o e acne S ( ee et 26,133 37,912 26,150 40,397 
Kansas... d ³ Ai cena tse ef esa EE 13, 551 17, 806 14, 402 20, 714 
Kentucky- 2222000 00aaaaaaaaaaaaaaaa aaan 24,812 35,481 30,105 43,266 
an,, uU U. l. u. ee i LL Ue 7,599 11,174 9,387 11,785 
Maine i oe oai ere Re EE, 1,159 2,999 1,187 8,205 
Maryland... ˙¹ð¹w-- ⁰•m AA y eens 14,479 28 , 581 13,344 26,606 
Massachusetts 6, 203 17,724 6,917 19,501 
Miehiesn -aaau anaana 86 , 432 39 ,910 37,279 41,092 
Minnesota. ..... S LLL LL 8 I 11,442 4,427 13,045 
Mississippi. ............... LLL LLL LLL lll l2 222222 1,879 2,055 
Missouri.. ee 86,585 53,953 38,763 58 , 522 
Montana... . . 3 4,782 6,087 8,314 4,878 
Nebraska. eee e ue ee 4,846 7,488 4,416 7,435 
Nevada ee eee eee eee ewe 1,375 2,145 1,325 2,041 
New Hampshire 478 2,887 883 8,877 
New Jerse 000 00aaaaaaaaaaa aaan 12,611 28 ,253 13,151 30, 343 
New Mexicho oo 2222 Ls 22222222 1,391 2,408 2,226 3,527 
New York ` ⁰k 33,389 56,615 95,441 63,510 
North Carolina.. 24,507 41,488 24,543 42,429 
North Dakota ² w- 96 1,092 5 
h / Naa dre te 45, 458 72, 534 148,054 178,772 
Oklahoma eee ee 16,355 18,932 17,290 21,950 
Oregon. ........... 19,201 20,256 14,312 21,168 
Pennsylvania. ......... LL LLL LLL LL css sss sss 2-2 60,155 103,157 62,812 108,151 
Rhode Island___...__........--..--.------.------- 481 1,61 W W 
South Carolina............. LL ccc c ccs css sss erc ee 8,310 12,366 8,942 13,717 
South Dakota LL ccs naana 1,866 9,694 1,860 9,687 
ennessee ll LL LLL LLL LLL sss 22 222 31,463 41,958 32, 088 48,854 
c E T ET 49 ,424 61,577 48 ,480 58,006 
JJ%%%%%%ͤͤͤõͤͤ ͥ ⁰˙.ʃʃ EE CR 1,831 4, 108 1, 4,312 
Vermont LL LLLLL 22s 2222222222222 2,761 20 ,520 53 21,401 
III ys 31,324 52, 470 31,217 53,533 
Washington 14,454 19,099 14,3381 16,690 
West Virginia 221 9,445 16,447 9,011 16,789 
isconsin. ........ LLL . sss 22-222 2222 17,122 24,863 17,000 25,223 
MWvoming. -2000an 1,246 2,875 1,434 2,754 
VUndistributedgdddl 1, 602 5,144 1,811 5,272 
Total EE 785,592 1,240,244 819,403 1,317,753 
Pacific Island Posseasions__._..__.__......_._.-.---- 570 1,020 653 1,209 
Panama Canal Zoeesss 100 245 106 290 
Puerto Rio eee 7,269 12,795 7,867 18,580 
Virgin Islands 183 851 366 1,555 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 

1 To avoid disclosing individual company data, certain State totals are incomplete, the portion not included 
being combined with “Undistributed.”’ This class of stone omitted from such State totals is noted in the State 
tables in the Summary chapter of this volume. 

2 Data may not add to totals shown because of independent rounding. 
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Table 3.—Stone shipped or used by producers in the United States, by kind 


(Thousand short tons and thousand dollars) 


Year 


Granite 


Quan- Value 


tity 


56,331 $114,465 
60,028 121,147 
65,888 128,558 
63,073 183,664 
70,506 148,333 


Calcareous marl 


Quan- Value 
ity 
1,043 899 
1,291 1,125 
, 358 1,195 
227 1,084 
1,211 1, 166 


Traprock ! 
Quan- Value Qu 
tity tit 


66,090 $108,929 
16,529 121,278 
88,623 147,094 
68,483 116,913 
73,117 125,476 


Sandstone 
quartzite 
Quan- Value 
tity 
28,169 62,087 
29,097 61,710 
27,493 57,037 
27,249 60,494 


2,098 $36,693 
2,172 38,662 
2,244 86,203 
2,292 35, 245 
2,559 32,372 


EE casas u Ee CENT A EU WF T 


Quan- Value 
tity 


511,026 $718,675 
554,986 765,927 
569,577 794,279 
569,463 799,687 
603,546 873,477 


Other stone ? 


Quan- Value 
tity 

40,035 58,964 

34,366 45,971 

85,178 49,386 

80,580 45,208 


Shell 


Quan- 
tity 


19,493 
21,560 
21,662 
22,026 
20,268 


Value 


$30,157 


Total ? 


185,592 
819,403 


— ——— — ———— ee U 1 A R E 


1,184,564 
1,203,831 
1,260,715 
1,240,244 
1,317,153 


1 Includes gabbro, basalt, diabase, etc. 
? Includes mica schist, conglomerate, argillite, various light-colored volcanic rocks, serpentine not used as 
marble, soapstone sold as dimension stone, etc. 
s Data may not add to total shown because of independent rounding. 
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Table 4.—Dimension stone shipped or used by producers in the United States, 


in 1968, by use and kind of stone 


(Thousands) 
1967 1968 
Use and kind of stone 
Short tons Cubic feet Value Short tons Cubic feet Value 
GRANITE 

Rough: 

Architectural... ...._......-.-- 39 462 $1,594 69 811 $2,300 
Construction !................- 133 1,079 97 122 1,491 1,036 
D Monumental..................- 165 2,036 9,271 190 2,194 11,425 
EE eee ee eT 14 169 3,916 46 555 10,442 
Sawed. . . 2-20a 45 562 6,834 (2) (2) W 
House stone veneer 7 83 1,666 5 61 331 
Walls, foundations, bridges .d 16 200 1,251 
Monumental $ C 55 661 10, 144 52 579 11,077 
FFF 166 2,019 913 168 2, 026 „091 
Other rough and dressed stone 535. 6 3 188 7 103 143 
Total $... cece 630 7,099 39,000 676 8,021 43,096 

` LIMESTONE AND DOLOMITE 

Rough: 

Architectural. 190 2, 602 3,688 245 2,823 4,130 
Construetioͤnn 89 31 801 63 765 584 
Other rough stone... 8 109 58 
Cut. 69 904 6,006 90 1,153 5,678 
Sawed.. . 88 1,207 8,275 76 963 2,717 
House stone veneer............- 99 1,300 2,684 96 1,246 , 829 
Walls, foundations, bridges ess uza-lx we sce 8 109 139 
Flagging ? EES 26 335 147 15 184 143 

Tot&l%@___ u... eck se l. 561 6,380 16,552 602 7,952 16,278 

MARBLE 
ugh: 

Architectural... ...............- 7 81 259 .15 164 1,117 
Construction 11. 8 94 309 6 256 116 
Other rough stone?e”eʒz. . 5 56 14 
Gilt -— 30 353 10,011 28 334 7,465 
Sawed.. . .  . . -20-an 11 126 1,507 8 94 1,332 
House stone veneer ?3............ . 13 150 1,639 
Walls, foundations, bridge. 8 5 8 64 * 365 
Monumental „„ 19 221 4,000 8 96 2,118 

!!! k . LESE 14 875 16 ,086 89 1,214 14,166 

Ë SANDSTONE AND QUARTZITE 
ou 

Architectural... ..............- 87 493 716 85 477 583 
Construction 108 164 1,483 69 834 961 

B Other rough stoneezzzdkd  ...-.... --.-..-.-.-- 8 92 34 
Cüt ³·1m l ulus lucu. 26 832 1,783 88 1,234 8,788 
Sawed 9°___ . 8 118 1,627 4,374 42 562 ,108 
House stone veneer zz... 30 390 762 

CCC oorr 57 690 2,036 43 507 1,975 

Other uses not listed ue 2 25 882 

Total 6____ See 846 3,806 10,342 312 4,061 11,083 
SLATE !? 

Roofing date... 21 13 56 2,202 19 13 48 2,006 
Electrical... 21 2,318 2,866 17 2,309 2,504 
Blackboards, ete 2 659 638 2 575 553 
Billiard table tops 2 225 296 W W W 

Totalt See A. 24 9,201 8,801 19 2,884 3,057 
Flagstones 14 .... 22... ----.--- 44 7,679 1,293 43 7,489 1,221 
Miscellaneous uses 16. 6444 2,309 73 258 8,008 

MM /// ⁰·’ Rem AË. DEE 9,605 154 10,679 9,292 


See footnotes at end of table. 
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Table 4.—Dimension stone shipped or used by producers in the United States, 
in 1968, by use and kind of stone—Continued 


(Thousands) 


1967 1968 


Use and kind of stone — —ꝶ I 4Í,: ————n n 
Short tons Cubic feet Value Short tons Cubicfeet Value 


OTHER STONE 16 


ugh: 
Construction 17.___ 189 1,882 8,191 1,596 18, 796 4,908 
Flagging.....................-- 5 21 84 6 65 107 
Other uses not listed 12. (3) (3) (3) 4 51 50 
f u u S cuted 194 1,908 8,275 1,606 18,912 6,061 
TOTAL STONE 
ugh: 
Architectural... ..............- 278 8,640 6,257 376 4,441 
Construction !................- 578 8,286 6,908 1,846 22,016 4,474 
Monumenal .------------ 165 2,036 9,271 90 2,198 k 
Other rough stone $............. 22222020 -.....-.. --.-.-.-.... 18 
Cüt EE 139 1,758 21,666 262 3,391 80,599 
Saeed. -20220-00 270 8,530 15,952 180 1,678 
House stone venee r 106 1,888 4,300 145 1,861 5,581 
Walls, foundations, bridges. 29 364 1,474 
Roofing (slate)................- 33 2,202 19 see 2,006 
Millstock (slate) ...............- 24 ........ 8,801 10. v. 8,057 
Monumental 73 84 14,146 61 680 18,318 
Curbing......................- 167 2,037 4,956 170 2,049 ! 
Flagging 1 180 ........ 8,532 108 1,396 3,452 
Miscellaneous use (salate). 64„„„ 309 73833 ; 
Other dressed stone 1 6 85 178 5 49 1 
Uses not listed or unspecified 3... ........ .. 6 84 1,107 
TOUR) $. u. - ode tee 2.011 O. 95,472 3,457 40, 424 99, 648 


W Withheld to avoid disclosing comp confidential data; included with house stone veneer. 

1 Includes irregular shaped stone an rubbl ç 

3 Less than 14 unit. Included with house stone veneer. 

3 Comparable data not available for 1967. 

* Includes stone for precision plates. 

5 Includes paving blocks, refractory blocks and minor amount of flagging. 1968 data includes unspecified. 

* Data may not add to totals shown due to independent rounding. 

7 1967 data included stone for curbing. 

8 Includes curbing, g, and uses not listed or unspecified. 

? Includes stone for refractory blocks. 

10 Includes stone for curbing. 

11 Includes stone for monumental purposes. 

13 Thousand square feet. 

18 Thousand squares. 

14 Includes slate used for walkways and ste ping stones. 

1$ Includes slate for aquarium bottoms, buildings, fireplaces, flooring, headstones, shims. 

16 Produced by the following States in 1968 in order of value of output and with number of quarries: Cali- 
fornia (35); Hawaii (4); Virginia (9); Maryland (3); Pennsylvania (4); New Mexico (1); Arizona (1); New 
Jersey (1); Oregon (2); Washington (2); Nevada (1); and Montana (1). 

17 1967 data includes rough and cut stone for refractory use. 1968 data includes stone used for architectural 
work, cut and sawed stone. 

18 Includes house stone veneer, walls, foundations, bridges, etc. 

19 Includes paving blocks, refractory blocks and slate used for aquarium bottoms, buildings, fireplaces , 
flooring, headstones, shims and uns uses. 
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Table 5.—Granite (dimension stone) shipped or used by producers 
in the United States in 1968, by States 


Active Short Value Active Short Value 

State quar- tons (thou- State quar- tons (thou- 

ries sands) ries sands) 

Californian 9 6,857 3532 Oklahoma............... 9 8,985 $971 

Colorado 3 1,174 118 South Carolina 8 13,936 580 

Connecticut. 4 3,290 69 South Dakota 7 38,422 6,519 

eorg ia 30 163,104 6,029 Wisconsin 11 9,535 2,291 

Maine 7 15,044 70 Other States i 35 358,688 18,147 
Minnesota 16 22,527 4,844 

New Mexico 144 Totalt: Boss 145 675,615 48,096 

North Carolina 10 33,909 2,298 Puerto Rico. ............ 6 ,900 50 


! Includes quarries in Massachusetts (9), Missouri (1), New York (4), Pennsylvania (3), New Hampshire 
(2), Rhode Island (2), Texas (4), Vermont (7), and Washington (3). 
* Data may not add to totals shown because of independent rounding. 


Table 6.—Limestone and dolomite (dimension stone) shipped or used by producers 
in the United States in 1968, by States 


Active Short 


State quar- tons 
ries 

California 3 775 

linois 3 9,248 
Indiana. . . . . 81 387,946 
Iowa.... A 8 11,200 
Kansas. 8 10, 358 
Michigan 3 2,680 
Minnesota 6 23,051 
Missouri 4 27,799 
Nebraska...............- 9. 4,858 


Value 
(thou- 
sands) 


Active Short 


State quar- 

ries 

New Mexico 1 
Oklahoma.........-.....- 3 
Washington 1 
Wisconsin 34 
Other States . 18 
Total 249 121 
Pacific Island Possessions 1 
Puerto Rico__......_..-- 11 


Value 

tons (thou 
sands- 

) 

400 W 
1,546 $22 
672 11 
76,282 1,501 
45,418 1,272 
602,228 16,273 
84,000 120 
101,450 298 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 

! Includes quarries in Alabama (2), Colorado (2), Florida (1), New York (2), Ohio (2), Rhode Island (1), 
South Dakota (1), Texas (5), Utah (1), and Virginia (1). 

2 Data may not add to totals shown because of independent rounding. 


Table 7.—Sandstone and quartzite (dimension stone) shipped or used by producers 
in the United States in 1968, by States 


Active Short 


State quar- tons 
ries 

Arkansas 4 11,646 
California 6 1,629 
Connecticut 8 6,000 
Indiana................. 5 9,787 

ansas......._.__...---. 1 13 
Maryland. .............- 4 10,714 
Michigan 1 , 500 
Montana 1 20 
New Mexieo. ------ 7 190 


Value 
(thou- 
sands) 


Active Short 


State quar- 
ries 
New Lokk 12 
We NN 8 19 
Pennsylvania 31 
isconsãn 8 
Wyoming 2 
Other States 79 
Totaal 188 


Value 
tons (thou- 
sands) 

36,709 1,921 
114,693 4,999 
65,696 1,399 
2,948 52 

1,244 


, 24 
49,656 1,777 
811,970 11,033 


1 Includes quarries in Arizona (18), Colorado (26), Georgia (4), Massachusetts (2), Minnesota (1), Missouri 
(1), Nevada (1), New Jersey (2), North Carolina (1), Oregon (1), Tennessee (8), Texas (1), Utah (7), Virginia 


(9), Washington (2), and West Virginia (1). 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
in 1968, by use and kind of stone 
(Thousand short tons and thousand dollars) 


1967 1968 


Use and kind of stone ——————————— 
Quantity Value Quantity Value 


CALCAREOUS MARL 1 


Agricultural purposes LLL ccc LL LL Lee - eee 191 $143 186 $150 
Cement manufacture 53 1,036 940 1,025 1,016 
J ͥͥͥͥ ³o¹ ü %o²¹⁰ K E LL t 1,227 1,083 1,211 1,166 
GRANITE 
Agricultural purposes ³)))))j)j „„ 39 398 105 994 
Concrete aggregate (eoarse ......-........---.-----.- 8,151 12,358 
Bituminous oggregate .-------2222222---2-2----- 7,940 12,798 
Macadam ag tes b rh TE M Rae ca * 54,021 80, 593 2,171 8,087 
Dense graded road base stone.......................- 37 , 756 56,834 
Surface treatment aggregatee s 4,875 6,224 
Riprap and jetty etone -2-2222 - -222-22 2,816 6,076 2,951 4, 933 
Railroad balla te 2,612 3,488 3,244 4,822 
ll ꝗV˙d Sulu Su ccu cueste wm. sees: 8 94 159 
Manufactured fine aggregate (stone sand)............- 51,314 1,666 1,153 1,120 
Other Uses EE 758 1,673 1,825 2,647 
Uses not listed or unspecified. .....................-- 888 823 164 266 
DO 252i. d ]⅛ 5c. ñĩͤ ß 62,448 94,664 69,830 105,236 
LIMESTONE AND DOLOMITE 
Agricultural purposes 33333) 30,153 56,468 88,369 68,988 
Concrete aggregate (eoarse/ -2-2-2-0 102,649 146,041 
Bituminous aggreggte -2-2-2-2 48 , 887 65,888 
Macadam aggregates..._..........-......--..------- * 356 , 534 468 ,351 29 ,999 42 ,487 
Dense graded road base stone 143 ,016 186,381 
Surface treatment aggregatee s ; 66,828 
Riprap and jetty stone 18,570 16,464 12,934 16,799 
Railroad ballast. ............. 2... ... eee 5,634 6,729 5,721 7,374 
Filter ene Se ie ok ee bce 84 194 486 918 
Manufactured fine aggregate (stone and) 1,795 3,198 8,208 5,204 
errazzo and ex aggregate 13 19 139 
Cement manufacture --- 91,456 96,878 97,718 104,682 
Lime manufacture tt 25, 505 44, 672 27,473 50, 460 
Dead-burned dolom ite 2, 820 4,367 8,055 4,928 
J7/CC0ööĩÄ5 28,781 49,858 28,268 48,829 
Refractor / 3,415 473 1.270 
Chemical stone for alkali work ass 2,026 2,150 2, 520 8,705 
Special uses and produets -----------2--- 3,706 19,300 8,631 20,092 
Other uses 4,408 18,020 6,800 11,569 
Uses not listed or unspecified. ................-......- 1,954 8,952 5, 563 9,496 
% ˙ðw ⁵⅛ '.... Naaa 568, 902 783,136 602 ,943 857,204 
MARBLE 
Agricultural purposes 24 (8) (8) 424 1.313 
Mere ce „ ed ae TES | 
acadam aggreggten. c LL cce c cL LLL Lease 4 
Dense graded road base stoned W W ° 795 ° 1,904 
Surface treatment aggregate s 
Terrazzo and exposed aggregate 809 4,527 201 3,349 
Cement manufacture (8) (8) 10 31 9» 171 
Special uses and products 7__....-.-..-..__.-..-..--- (8) (8) 951 10,641 
It Dee ee, be 1,779 13,800 41 592 
Uses not listed or unspecified. dd 70 832 27 236 
TOG se ⁵ ⁰ xx ĩð Sead LIE ee 2,158 19,159 2,470 18,206 
SANDSTONE, QUARTZ AND QUARTZITE !! 
Concrete aggregate (eoarse ---------------0MMM 4,110 7, 605 
Bituminous aggregate „„ 2, 859 5,853 
Macadam aggregate 417,915 26,110 961 1,007 
Dense graded road base stone 9,497 14,029 
Surface treatment aggregates__........-..........-.. 1,042 2,062 
Riprap and jetty stone 8,661 5,701 2, 856 4,227 
Railroad bellsast -2-2-2 1,410 1,820 1,269 1,782 
Fit ³ 88 86 140 272 
Manufactured fine aggregate (stone sand) ............. 804 432 840 698 
Terrazzo and exposed aggregate 17 662 56 1,095 
Cement manufacture 460 689 672 1,081 
Ferrosiicon......i.oLanac-ceeemecscaewcesscacLcéses 108 700 303 1,620 
l EE 636 2,651 818 2,962 
Refractory--....... . . . 8 854 4,924 682 5,811 
Special uses and produet e 92 552 59 866 
Other uses Soc EE 1,050 8,911 3 831 s 2,196 


See footnotes at end of table. 
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Table 8.—Crushed and broken stone shipped or used by producers in the United States, 
in 1968, by use and kind of stone—Continued 
(Thousand short tons and thousand dollars) 


1967 1968 
Use and kind of stone 


Quantity Value Quantity Value 


SANDSTONE, QUARTZ AND QUARTZITE—Continued 


Uses not listed or unspecified......................... 863 1,914 253 716 
J;öĩÜ5ê˙ ̃ ee . c Ei ss 26, 903 50,152 26,968 52,382 
SHELL 
Agricultural purposes 253 2,894 236 2,378 
Concrete aggregate (eoarse 6,830 8,313 
Macadam ed aca EN Ee * 15,143 20,832 4 ¿L ci Eeler 
Dense graded road base stone........................ 5,835 7,592 
Cement manufacture 5,311 7,909 9 5,520 97,807 
Lime mganufaeture. LL. LLL Lll lll 2-222... 1,090 1,410 A seg 
Other uses not listed !?...... 2... . .. LLL... 229 723 1,847 2,474 
d Otel CST 22,026 93,334 20,268 28,563 
TRAPROCK 
Concrete aggregate (coarse -200e 11,447 22,480 
Bituminous aggregate 10,651 20,240 
Macadam aggregate s 157,977 97,202 2,869 5,108 
Dense graded road base etone 20,467 35,481 
Surface treatment aggregates______..-_...-.-_.------ 7,755 12, 512 
Riprap and jetty stone nnn 8,695 7,689 2,652 5,655 
Railroad ballasss aaan 1,500 2, 298 1, 400 2,212 
hh ⁰⁰ A ĩðͤ A EES 68 114 
Manufactured fine aggregate (stone enndi. . 62 142 151 874 
Special uses and produets .. 13 8 13 154 823 
Other uses 6____ eee 4,034 7,265 6,019 8,442 
Uses not listed of unspecified........................- 1,153 1,747 9,566 11,808 
S/! ous ham Gee 68,430 116,301 73,099 124,749 
OTHER STONE 
Concrete aggregate (eoaree). ---------------aaMM 809 1,575 
Bituminous aggregate. -a-a 2,564 4,829 
Macadam aggregatesa. s 4 19,224 25,684 264 365 
Dense graded road base stone 7,669 9,870 
Surface treatment aggregate s 606 832 
Riprap and jetty stone... .......... L2 2 22. eee 6,895 9,961 1,665 2,980 
Railroad ballast... See ge SE AA 2,330 1,997 1,221 869 
Other uss 14940 14 8,491 2,508 3,981 
Uses not listed or unspecified. lll 998 800 1,008 1,176 
S ͥͥͥͥ eee fier Dl e 30,387 41,933 18,308 25,477 
TOTAL STONE 

Agricultural purposes 30, 722 59, 762 39,830 73,851 
Concrete aggregate (coarse )))) 134,713 199,848 
Bituminous aggregate 67,901 108,552 
Macadam aggregate s 521,367 720, 323 86,264 52,054 
Dense graded road base stone FFF 224,309 809,594 
Surface treatment aggregates........_..._....-..----- 61,369 88,480 
Riprap and jetty stone............. 2 222 _ eee 30, 687 45, 840 23,154 35,619 
Railroad ballast...22... | aw le Ee EE 13,486 16,277 12, 855 16, 559 
Filter toe ecs amem 136 413 1,318 2,191 
Manufactured fine aggregate (stone sand) 8,532 5,4933 4,958 7,587 
Terrazzo and exposed aggregate 343 5,376 406 5,346 
Cement manufacture 98,263 106,416 104,093 113,518 
Lime manufacture 26,595 46,148 28,468 51,677 
Dead-burned dolomite. ............................- 2,820 4,367 3,055 4,923 
ii cece belle tee eee 10 700 803 1,620 
E csp ee eee en on tet ak 29,420 46,512 29,087 46,292 
Refractory y A ie S eR 8 819 8,341 1,105 6,581 
Chemical stone for alkali works 2,026 2,150 2,890 4,215 
Special uses and produ et 4,556 28,806 4,951 32,008 
Other uges eet y 12,732 87,651 418,885 '5 33,887 
Uses not listed or unspecified- -0-2-2 --------- 6,018 10,256 16,582 23,708 
C/;AẼ ³˙mUuuQ—X——.u. Uni Ed te. 783,581 1,144,772 815,946 1, 218, 105 


See footnotes at end of table. 
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FOOTNOTES PERTAINING TO TABLE 8 


W Withheld to avoid disclosing company confidential data. 

ewen by the following states in 1968, in order or tonnage: Miss., Va., Tex., Mich., Ind., Wisc., Minn. 
and Nev. 

2 Includes mar! used in agricultural limestone, other soil conditioners and nutrients and a small amount of 
marl used in mineral fillers, or extenders. 

3 Includes agricultural limestone, other soil conditioners and nutrients, and poultry grit and mineral food. 

4 Comparable data not available in 1967. 

5 Includes small amount of terrazzo and exposed aggregate. 

6 indes some stone used for fill, roofing aggregates, glass, dam construction and other uses in smaller 
quantities. 

? Includes stone used for mineral fillers, extenders, and whiting and sinaller quantities used for mine dusting 
and abrasives. 

8 1967 data included with “other uses.” 

* 1968 data combined to avoid disclosing company confidential data. 

10 1968 data includes stone sand, and a small amount of riprap and jetty stone. 

11 Includes ground sandstone, quartz and quartzite, Friable sandstone is reported in the chapter on sand 


and vel. 

12 1967 data includes alkali, asphalt filler, other filler, mineral food, and unspecified uses. 1968 data includes 
stone for alkali works, asphalt filler, filter stone, riprap and jetty stone. 

18 Includes small amount of stone used for agricultural purposes. 1968 data also includes stone used for 
cement manufacture. 

14 Includes filter stone, stone sand, terrazzo, flux and stone used in cement manufacture. 

1$ Includes slate used for granules, flour, refuse or waste, expanded slate and other uses. 


Table 9.—Number and production of crushed-stone plants in the United States, 
by size of operation! 


1967 1968 
Production Production 
Annual production (short tons) Number —————————— Number  Ds-s 
o Thousand Percent of Thousand Percent 
plants short of plants short of 
tons total tons total 
Less than 25, 00000 1,013 8,352 1.2 1,582 14,037 1.7 
25,000 to 49,0000 13, 099 1.8 20, 206 2.5 
50,000 to 74, 00⸗0o— 226 14,058 1.9 818 19,692 2.4 
75,000 to 99,9999 9e 2... .--.--.-- 218 18,778 2.6 270 28,198 2.9 
100,000 to 199,999 7 508 71,471 9.9 581 82,857 10.1 
200,000 to 299, 9999999 266 65,178 9.1 811 76,643 9.4 
i to 399,999 99 216 75,117 10.4 206 69,915 8.6 
400,000 to 499, 9999999 181 58,021 8.1 144 63,697 7.8 
500,000 to 599,999... .............---- 98 53,891 7.4 81 43 , 736 5.4 
600,000 to GO0, 000... 69 44,678 6.2 69 44,787 5.5 
700,000 to 799, 9999999 60 44, 589 6.2 63 46, 822 5.7 
800,000 to 899, 9999999. 41 84,543 4.8 38,024 4.7 
900,000 and oger. 134 218, 852 30.4 169 271,718 33.3 
Ill!!! 8,888 720, 616 100.0 4,407 814,827 100.0 
1 Does not include State operations. 
3 Data may not add to totals shown because of independent rounding. 
Table 10.—Crushed stone shipped or used in the United States, 
by methods of transportation 
1967 1968 
Method of transportation — — — — AA — 
Thousand Percent Thousand Percent 
short tons of total short tons of total 
J7%VCCGCͤõͤĩ˙Ü˙ / ͤ ſſ 8 578,298 14 565 , 764 69 
Rebs estes ³ cee wea te we i LEE 89,124 11 89,315 11 
A %Cͥâ”' ˙⅛·D3ꝛ.]. a ⁰we Aa memori es 68,029 9 72,930 9 
)))ͤͤͤ ͤ ᷣ ⁵ ᷣͤÄVTVu“JddGdddũũũũã ͤ b 45, 527 6 
Unspecified 48,135 6 42,410 6 
VOU es asnu et ß pa ZD UA E 788,581 100 815,946 100 


1 Comparable data not available in previous years. 
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Table 11.—Granite (crushed and broken stone) shipped or used by producers 
in the United States in 1968, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 

Arizoni- rio u u. l us SSO 18 $24 New Hampshire 54 $48 
California. ..................- 4,045 5,765 New Jer -2-a 1,226 2,401 
Colorado 200 357 North Carolina 16,486 26,622 
Delaware 200 500 South Carolina 6,978 10,287 

DECR 19,428 28,096 Virginie... 2.222222 2-092925 9,877 14,554 
Massachusetts ; : isconsin____..__._......--.- 1,842 4 
Michigan. 2 60 Wvoming. §21 
Minnesota..................-. 422 679 Other States . 8,171 12,646 
Meontang ......-------------- 80 54 
Nevada. ...............-....- 176 145 Total too. A L u: 69,830 105,286 

Puerto Ríco.................- 


1 Ineludes quarries in Alaska, Arkansas, Connecticut, Idaho, Maine, Maryland, Missouri, New York, 
Pennsylvania, Texas. Vermont, and Washington. 
? Data may not add to totals shown because of independent rounding. 


Table 12.—Traprock (crushed and broken stone) shipped or used by producers 
in the United States in 1968, by States 


(Thousand short tons and thousand dollars) 


State Quantity "Value State Quantity "Value 
California 1,471 21.840 Oregon. 18.517 $19.186 
Connecticut. -.-....---------—- 5,806 10.201 1017 0 E E ESE ß 1) (1) 
HE’ ˙’˙ꝛů⅛]ꝓn . . gSE 8,781 8,605 Virginia_____ l... .... 8,586 6,207 . 
abs onc msc 657 968 Washington................--- 12,671 12,950 
Maryland...................- 8,848 . 7,807 Wvoming 182 
Massachusetts 4,005 7,577 Other States? -.--..-.-------- 8,844 20,018 
Michigan 21 33 — — 
Minnesota 55 W Total 5 78,099 124,749 
New Jer 11,173 24, 243 Panama Canal Zone 290 
North Carolina 3, 562 5,486 Virgin Islands. 866 1,555 


w ee Ay avoid disclosing individual company confidential data; included with “Other States.” 
Less than 34 unit. 

2 Includes quarries in Alaska, Arizona, Missouri, Montana, New Mexico, New York, Pennsylvania, Texas, 
Vermont and Wisconsin. 

3 Data may not add to totals shown because of independent rounding. 
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Table 14.—Shell shipped or used by producers in the United States in 1968, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value 

RI TEE 1,144 $1,951 

§ĩ§ͤ—2. ⁵ ↄ ð d · eau ci LEE 9,387 11.784 

J ³ dd ⁵³ðVAA == v Eu UE 7,851 10, 785 
ee, ß ß RUE PE EE D. 1,886 4, 

Total EE 20,268 28,568 


1 Includes quarries in Alabama, California, Maryland, New Jersey F and Virginia. 
2 Data may not add to totals shown because of independent roun 


Table 15.—Calcareous marl shipped or used by producers 
in the United States in 1968, by States 


State Short tons Value 
Indi oo es eee ete esse ta c C iM oes os 85,828 $28,811 
Michigan... ³˙0iww¹A ³Ü˙o¹w ̃⅛%ͤ%ͤ — Gõ eed une dad cua deua dada dle ed cae 184,394 105,939 
wie CIC DIU ENS SO OO ĩð ee asas 8,8 2,625 
Wisconsin- SZ Z O ce EE 8 6,179 2,228 
Other ‘States EE 1,080,764 1,027,015 
NK WEE FF 1,211,015 1,166,118 


1 Includes quarries in Mississippi, Nevada, Texas, and Virginia. 


Table 16.—Sandstone quartz, and quartzite (crushed and broken stone) shipped or used 
by producers in the United States in 1968, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 
Arkansas................-. 6,459 $8,865 Oklahoma 1,083 $1,646 
California 8,084 5,786 Oregon 
Illinois... ...-------------- (2) 3 Pennsylvania. ............- 8,698 8,990 
Indiana..................- 6 6 pour Dakota. 676 1,402 

EE 724 1, 370 Teras 2,820 2,840 
Kentucky................- 126 4 Vermont 1,282 
Montana 219 503 Virginie 565 885 
Nevadaa.˖. 101 71 Washington 201 1,090 
New Mexico.............-- 189 W West Virginia. 1,068 2,512 
New Vork 472 986 Other States *._ 4,166 11,826 
OMO EE 786 2,280 —— 

Total 99999393792 26, 698 52 , 882 


* Mee yo crm disclosing individual company confidential data; included with “Other States. 
Less than 1⁄4 uni 

Includes quarries in Alabama, Alaska, Arizona, Colorado, Connecticut, Georgia, Idaho, Maryland, 
Minnesota, Missouri, New Hampshire, North Carolina, Tennessee, Utah, Wisconsin, and Wyoming. 

5 Data may not add to totals shown because of independent rounding. 
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Table 17.—Miscellaneous varieties of stone (crushed and broken) shipped or used 
by producers in the United States in 1968, by States 


(Thousand short tons and thousand dollars) 


State Quantity Value State Quantity Value 
Arizona 44 377 Oklahoma 1,198 $749 
California 9,070 11,973 Oregon 190 174 
Colorado 73 204 410 Pennsylvania 1,799 2, 576 
Hawal.... uli 483 782 Washington 281 248 
. eee be ke 5 66 Wyoming 101 164 
Massachusetts 921 1,700 Other States 1111. 12,548 4,226 
Missouri 292 468 — V 
Montana... 2... 1,065 1,589 c ees 18,808 25,477 
North Dakota 165 326 Puerto Rico 1.272 2,968 


1 Includes quarries in Alaska, Kansas, Louisiana, Maine, Maryland, Nevada, New Hampshire, New Jersey, 
New Mexico, New York, South Dakota, Texas, Utah, Vermont, and Virginia. 
* Data may not add to totals shown because of independent rounding. 


Table 18.—U.S. exports of stone 


(Thousands) 
Building and monumental stone Crushed, ground, or broken Other 
SSS  qmanu- 
Year Dolomite Other Limestone Other factures 
——————————— (value) | —— x — — TT of 
Short Value Short Value Short Value stone 
tons tons tons (value) 
1966...........- 101 $1,692 $1,104 1,207 $3,500 276 $3,406 8". 482 
1967__.........- 113 1,756 958 1,159 8,496 806 8,748 1,208 


19888 TTT“ 102 1. 518 849 1.297 3,294 292 3,278 1,080 
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Table 19.—U.S. imports for consumption of stone and whiting, by classes 


1967 1968 


Class Value ` Value 
Quantity (thou- Quantity (thou- 
sands) sands) 


Granite: 


Monumental, paving and building stone: 
agebett cubic feet. 169,198 $1,001 252,023 $1,088 
Dressed, manufactured..............---------- do- 178,064 1,662 406,042 8,115 
Not manufactured and not suitable for monumental, paving . 
or building : ;»ͤoẽÄr , cee eee short tons 269 11 788 18 
M ĩ A).... %⅛ĩ?——WA.. ]ðß2 u uyu s kd ` cR uud Tl 2222 78 
Totál..-.ancuras2ccexeen s au ⁵ ↄiZBÜj ⁵ðâ2d ĩði oculi ud 2,745 ........- 4,294 
Marble, breccia, and onyx: 
In block, rough or squared. ..................- cubic feet. 58 , 668 860 88,537 283 
Sawed or dressed over 2 inches thick do.... 5,164 88 8,951 82 
Slabs and paving tiles superficial feet.. 6,025,706 5,189 8,895,719 6,706 
All other manufacture tt E --.-.-.....- „ - 4; 168 
JC ³˙ꝗmtimnmnm EEN is 11,284 
Travertine stone: 
Rough, unmanufactured. ..................... cubic feet. 45,468 188 48,798 129 
Dressed, suitable for monumental, paving and building stone 
short tons... 84,587 1,085 82,926 1,404 
Other, ET, E EE F 68 
i. | Dp 1220 —8 1.601 
Limestone: 
Monumental, paving, and building stone: 
/ ³o A A cubic feet. 1,878 8 4,686 8 
Dressed, manufactured -- short tons 4, 502 72 6, 809 35 
Crude, not suitable for monumental, paving or building stone 
short tons 41,600 121 20,911 68 
, ß ß ad amc i ede 49 il: 48 
Total- EE o 154 
= OVWn_a ee 
oe fing feet 26 1 
Beete square feet.. ......... .....- 
J)) EE 2, a---..--- 2,180 
Ü UV EE 288988 2,131 
%%%%%/ö;bũ ³ uu AA A Se E short tons 4,213 260 7,147 278 
Stone and articles of stone, n. s. p. f.: 
Statuary and sculpture sss é«õ4é„4ae «„ 2888 Ee 251 
Stone, unmanufactured -- short tons 7,561 107 40, 765 198 
Building stone, rough. — . . . . ... .. ...-..- cubic feet. 5,517 9 8,471 6 
5 stone, dressed —— J. J.J... short tons 1,282 41 15 1 
Othef... c. lnllamcoececl ee eco d. 7 210 
%.. ³˙§ĩ—y ˙] r.. . ³² A lcu eur 58800 8 681 
* és » Spalls, crushed or ground: 
ble, ' breccia and onyx chips...............- short tons 8,129 127 6,436 89 
fincas. chips and spalls, crushed or ground do....71,205,166 1,529 1,677,410 2,075 


Stone chips and spalls and stone crushed or ground, n.s.p.f 
short tons.. 1,070,780 1,079 ie ids 


Slate chips and spalls and slate crushed and ground do 
Oe Ee ee r 2,284,025 2,785 3,052,893 3,764 
Whiting: 
Whiting ; ground, or bolted............... short tons 11,558 206 15,904 926 
Chalk whiting, preeipitated - do.... 2,118 156 2,939 170 
Chalk whiting, putty - -...-. .... ................. do.... (1) J ˙³˙1A 
%% ³ nu ³ A A ees EE S 13,671 862 18,248 496 
Grand total... ß ß , abdita 19,828 ......... 24,628 
z Revised. 
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Sulfur and Pyrites 


By Donald E. Eilertsen ! 


U.S. output of native and other forms of 
sulfur broke all records while apparent 
consumption of all forms of sulfur was the 
third largest. Yearend stocks of Frasch 


sulfur were the largest since November 
1966 and yearend stocks of recovered 
sulfur were the largest since January 1967. 


Table 1.—Salient sulfur statistics 


(Thousand long tons, sulfur content) 


1964 1965 1966 1967 1968 
United States: 
Production (native)... 5,228 6,116 7,002 7,014 7,460 
ONIS. f... 8 7,093 8,212 9,155 9, 136 9,817 
Exports, sulfur... rr 1,928 2, 635 2,978 2,198 1,602 
Imports, pyrites and sulfun rtr 1,582 1,646 1,674 1,639 1,712 
Stocks Dec. 31: Producer, Frasch and re- 
covered sulfur... rr 4,227 8,425 2,704 1,954 2,790 
Consun ption, apparent, all forms II. 7,255 7,981 9,145 9,301 9,085 
World: Production: 
Sulfur, elemental 0-0-2-2- -2 13,916 15,286 16,442 17,597 18,604 
E MELEN RM ²ꝛ˙;˙ẽñ NECI ER IMPOR 9,200 9,660 9,627 9,928 9,905 


1 Measured by quantity sold, plus import, minus exports. 


DOMESTIC PRODUCTION 


Native Sulfur.—Frasch sulfur was pro- 
duced at 20 mines in 1968. The producers 
and mines in Louisiana were Freeport Sul- 
phur Co., at Caminada (new and offshore), 
Grand Isle (offshore), Garden Island Bay, 
Grand Ecaille, and Lake Pelto; Texas Gulf 
Sulphur Co., at Bully Camp; Jefferson 
Lake Sulphur Co., at Lake Hermitage; 
U.S. Oil of Louisiana, Ltd., at Chacahoula; 
and Union Texas Petroleum at Sulfur. The 
producers and mines in Texas were Texas 
Gulf Sulphur Co., at Fannett Dome, 
Spindletop Dome, Moss Bluff Dome, Gulf, 
and Boling Dome; Duval Corp. at Orchard 
Dome and Ft. Stockton; Jefferson Lake 
Sulphur Co., at Long Point Dome; Phelan 
Sulphur Co., at Nash Dome; Sinclair Oil 
Corp. at Fort Stockton; and Hooker 
Chemical Corp., at Bryan Mound. 

The Duval Corp. drilled for elemental 
sulfur in Culberson County, Tex., and 
discovered deposits containing an esti- 


mated recoverable reserve of 57 million 
long tons of sulfur. Mine facilities were 
being designed to produce 2.5 million 
long tons of sulfur annually. The initial 
annual output will be 1.5 million tons and 
production is expected to start in August 
1969. 

Freeport Sulphur Co. publicly reported 
that it produced approximately 3.9 million 
tons of sulfur in 1968 and that its sales 
totaled about 3.8 million tons of which 
75 percent was used domestically and 25 
percent for exports? Freeport Chemical 
Co., a new division of Freeport Sulphur 
Co., produced sulfuric acid and phosphoric 
acid at its new facility at Uncle Sam, La., 
on the Mississippi River between New 
Orleans and Baton Rouge. The sulfuric 
acid plant has an annual capacity of 1.68 


1 Physical scientist, Division of Mineral Studies. 
2 5 Sulphur Co. Annual Report. 1968, 
p. 6. 
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million tons, and the phosphoric acid 
plant 1.1 million tons of commercial 54- 
percent phosphoric acid containing 600,000 
tons of P205. The company uses its own 
raw materials—sulfur from its nearby 
Frasch sulfur mines, and phosphate rock 
from Florida. 

Jefferson Lake Sulphur Co., a subsidiary 
of Occidential Petroleum Corp., began 
sulfur production at its new Lake Hermi- 
tage mine in Louisiana. The parent firm 
also leased and explored promising pros- 
pects in western Texas and in Mexico for 
Frasch sulfur. 
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Texas Gulf Sulphur Co. (TGS) did 
some exploratory drilling for sulfur in 
Pecos County, Tex., and encouraging re- 
sults led to further work. The company 
also drilled for sulfur in Culberson County, 
Tex., and in Eddy County, N. Mex. TGS’s 
Frasch sulfur mine at Bully Camp, La., 
started operation. This mine, located about 
40 miles southwest of New Orleans, re- 
portedly will have a capacity of 300,000 
long tons of sulfur annually. 

California was the only producer of 


sulfur ore—the output (shipments) totaled 
3,125 lang tons valued at $46,000. 


Table 2.—Production of sulfur and sulfur-containing raw materials 
by producers in the United States 


(Long tons) 
1965 1966 
Gross Sulfur Gross Sulfur 
weight content weight content 
Native sulfur or sulfur ore: 
Frasch-process mines...................- 6,116,273 6,116, 273 7,001, 360 7,001, 360 
Other mines 2,592 133 557 143 
e KN HEEN 6,116,406 ........... 7,001,503 
Recovered elemental sulfur............-....- 1,219,312 1,215,168 1,243,960 1,240,386 
POTIS. 22-2 ene ⁰˙·wmm y ewe ee 74,957 353, 645 872,414 355, 592 
Byproduct sulfuric acid (basis 100 percent) 
produced at Cu, Zn, and Pb plants 1,188,314 388 , 484 1,297 ,184 424,075 
Other byproduct sulfur materials 1. 162,668 138,660 161,962 133,859 
Total- EE 8,212,963 ........... 9,155,415 
1967 1968 
Gross Sulfur Gross Sulfur 
weight content weight content 
Native sulfur or sulfur ore: 
Frasch-process mines 7,014,164 7,014,164 7,458,392 7,458,392 
ther mines 568 284 3,125 1,563 
f da E EE E 7,014,448 ........... 7,459, 955 
Recovered elemental sulfur. ................-. 1,270,289 1,267,955 1,358,926 1,353,692 
e d EE 860,909 355, 033 871, 955 362,143 
Byproduct sulfuric acid (basis 100 percent) 
roduced at Cu, Zn, and Pb plants 1,114,881 364,477 1,315,251 429, 982 
Other byproduct sulfur materials 1... 57,262 134, 198 47,297 210,780 
%(öCÜöÜé A ˙·=·³A ] ꝛ5ꝛ˙üm ] 0m my s E 95136, 111 8 9,816, 552 
1 Hydrogen sulfide and liquid sulfur dioxide. Does not include acid sludge converted sulfuric acid. 
Table 3.—Sulfur produced and shipped from Frasch mines in the United States 
(Thousand long tons and thousand dollars) 
Production Shipments 
Year — 
Texas Loui- Total! Quan- Approi- 
siana tity mate value 
TT WEE 2,489 2,739 5,228 6,036 $120,777 
KEE 2,534 3,582 6,116 7,251 i 
LEIDER 2,916 4,085 7,001 7,721 201,292 
EE 2,956 4,059 7,014 7,682 251,670 
EE ee 8,203 4,255 7,458 6,645 268,146 


1 Data may not add to totals shown because of independent rounding. 
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Figure 1. Domestic native production, imports, and exports of native sulfur. 


Table 4.—Sulfur ore (10 to 70 percent S) produced and shipped in the United States’ 


(Long tons) 
Production Shipments 

Year Gross Sulfur Gross Sulfur Value 

weight content weight content (thou- 

sands) 
1964. 333444; ⁵ðx ⁵ Add LIU 8 794 158 794 158 38 
/// t mE 2,592 133 2,852 288 11 
KEE 557 143 557 143 5 
EE 568 284 568 284 8 
17ö;à½ ³ d y y READER 3,125 1,563 3,125 1,563 46 


1 California, Nevada, and Utah. 
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Recovered Sulfur.—Output of recovered 
sulfur broke all records while shipments 
were the second largest on record. Data 
on shipments of recovered sulfur and values 
are listed as follows: 


State Quantity Value 
(long tons) (thou- 

san 
Arkansas.............-- 26,215 $1,049 
California 152,342 „004 
New Jersey, 50,587 2,222 
New Mexico............- 24,914 974 
Texas__.. .. . .. . . ......- 645,925 25,495 
Wyoming 48,153 961 
Other States l. 325,054 11,984 
c . 1,278,190 48 ,689 


1 Combined to avoid disclosing individual company 
confidential data; includes Colorado, Delaware, 
Illinois, Indiana, Kansas, Louisiana, Michigan, 
Minnesota, Mississippi, Montana, North Dakota, 
Ohio, Oklahoma, Pennsylvania, and Virginia. 


Phillips Petroleum Co. and Pan Ameri- 
can Petroleum Corp. planned to recover 
sulfur from nonhydrocarbon gas analyzing 
nearly 78 percent hydrogen sulfide found 
at a depth of 20,000 feet, 40 miles north 
of Biloxi, Miss? 
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Pyrites.— Producers of pyrites in Arizona, 
Colorado, Pennsylvania, South Carolina, 
Tennessee, and Utah sold or used approxi- 
mately 872,000 long tons of pyrites con- 
taining an average of 41.53 percent sulfur 
in 1968. Tennessee accounted for the largest 
amount by far. 


Byproduct Sulfur.—Thirteen States pro- 
duced 1,473,081 short tons of byproduct 
sulfuric acid valued at $23,202,000 in 1968 
—Arizona, Tennessee, Utah and Washing- 
ton from copper smelters; California from 
lead smelting; and Idaho, Illinois, Kansas, 
Montana, Ohio, Oklahoma, Pennsylvania, 
and Texas from zinc smelters and roasters. 

Sulfuric acid output from copper and 
lead smelters totaled 483,108 short tons 
valued at $5,804,000, the largest output 
by far being from copper smelters. Zinc 
smelters and roasters produced 989,973 
short tons of sulfuric acid valued at 
$17,398,000. 

In addition to byproduct sulfuric acid 
247,297 long tons of byproduct hydrogen 
sulfide and sulfur dioxide were produced, 


the largest output by far being hydrogen 
sulfide. 


3 Industrial Minerals (London). Unique Sul- 
phur Project. No. 11, August 1968, p. 21. 


Table 5.—Recovered sulfur produced and shipped in the United States 


(Thousand long tons and thousand dollars) 


Production Shipments 

Gross Sulfur Gross Sulfur Value 
weight content weight content 

1,025 1,021 994 990 $21,088 
1,219 1,215 1,178 1,169 24,574 
1,244 1,240 1,265 1,261 80,166 
1,270 1,268 1,286 1,284 40,984 
1,359 1,354 1,278 1,278 49,696 


Table 6.—Pyrites (ores and concentrates) sold and used in the United States 


(Thousand long tons and thousand dollars) 


Sold 
Year —————— 
Gross Sulfur Value 
weight content 
19 Z; C —— ets 50 24 $239 
1989... 8 57 27 272 
E: EE 52 25 205 
19 88 48 24 184 
TEE 56 28 W 


Gross Sulfur Value 


Used Total sold and used 1 | 
Gross Sulfur Value 


weight content weight content 


798 330 35,232 847 354 35,471 
818 326 5,061 875 354 5,888 
820 830 4,883 872 356 5,088 
818 831 7,759 861 855 1,948 
816 334 W 872 362 W 


W Withheld to avoid disclosing individual company confidential data. 
1 Data may not add to totals shown because of independent rounding. 
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Figure 2.— Sulfur supply sources as a percent of total 
apparent consumption based on sulfur content. 


Table 7.—Byproduct sulfuric acid American Smelting & Refining Com- 
(100- percent basis) produced in pany announced that it is constructing a 

the United States new 750-ton-per-day sulfuric acid plant at 

(Thousand short tons) its Hayden, Ariz., ‘smelter. The plant, 

Year Copper. Zhe Toal scheduled for completion in mid-1970, will 
plants? plants ? use sulfur dioxide which discharges to the 
1964............... 880 924 1,254 atmosphere, thus contributing to the firm’s 
1965 369 962 1,831 program for cleaner air. The increased 
18875 SE d 300 ee demand for sulfuric acid in the Arizona- 
1968..........----- 488 990 Dr New Mexico area for water treatment, 


i Includes acid from foreign materials; fertilizer, and leaching copper ores also 
* Includes acid produced at a lead smelter. Excludes were factors for erecting the acid plant. 
acid made from pyrites concentrates in Arizona, 
Montana, Tennessee, and Utah. 
3 Excludes acid mede. from native sulfur. 
4Data may not add to totals shown because of 
independent rounding. 
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CONSUMPTION 


The apparent consumption of sulfur, all 
forms, was the third largest in history and 
only 2.32 percent less than the record of 
1967. 

Sulfur was consumed mostly as acid 
largely to produce fertilizers (major use); 
refine petroleum; produce inorganic pig- 
ments, alcohols, rayon, and explosives; 
pickle iron and steel; leach copper ores; 


and produce pulp, paper, and cellulosic 
fibers. Sulfur's nonacid uses were largest 
in the production of pulp, paper, and 
cellulosic fibers. 

The consumption of sulfur in the free 
world probably reached almost 27 million 
long tons in 1968, approximately half 
being used to produce fertilizers. 


Table 8.—Apparent consumption of native sulfur in the United States 


(Thousand long tons) 

1964 1965 1966 1967 1968 
Apparent sales to consumers !...__..-...--..--..---.-- 5,775 6,988 7,687 7,729 6,649 
ee ʒ ß tU LLL E C ass 891 831 799 724 742 
Total 22; s; u> wot ole eS fas n5 Ee D MS 6,666 7,769 8,486 8,453 7,391 

Exports: — 
;§ĩ«O9⸗&ꝛũʃu¹w . Leer n mutet 1, 920 2,624 2,926 2,048 1,549 
C CöÄ Z cedo ace 11 47 150 58 
JJ; ³¹˙Üſ ete oe Soe 1,928 2,635 2,373 2,198 1,602 
Apparent consumption 4,738 5,184 6,118 6,260 6,789 


1 Production adjusted for net change in stocks during year. 


2 Data may not add to totals shown because of independent rounding. 


Table 9.—Apparent consumption of sulfur in all forms in the United States 


(Thousand long tons) 


1966 


1964 1965 1967 1968 
Native SE ³ĩoðiÜiꝓd ³⁰ mm d 4,738 5,134 6,113 6,260 5, 789 
Recovered sulfur: 
SS ü ³˙iĩ] cece 988 1,167 1,258 1,287 1,382 
ImDOPS..25 22 RES DR TE 571 656 715 750 830 
Pyrites: | | 
Domestic. ..aoclezedeasnesesue. rm ede eESEECTE EM. 854 954 856 355 362 
hh ee ⁰⁰⁰ iu LE Qi 120 160 160 165 140 
EE 474 514 516 520 502 
Smelter acido... cc ⅛ - ꝛĩðͤ eee ; 366 888 424 864 430 
Other Eelere t 118 r 123 r 119 r 119 202 
Grand total uu. 17,255 7,981 79,145 79,301 9,085 
e Estimated. r Revised. 


1 Crude sulfur or sulfur content. 


2 Hydrogen sulfide and liquid sulfur dioxide. Does not include acid sludge converted to H3SO,. 


3 Data may not add to totals shown because of independent rounding. 


STOCKS 


At yearend producers stocks of Frasch 
sulfur totaled 2,711,016 long tons while 
producers stocks of recovered sulfur totaled 
79,217 long tons. The yearend Frasch sul- 


fur stocks were the largest since November 
1966 and the yearend recovered sulfur 
stocks, the largest since January 1967. 
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PRICES 


Oil, Paint and Drug Reporter quoted the 
following prices for sulfur, sulfuric acid, 
and pyrites. 

Crude, domestic, dark, bulk sulfur, f.o.b. 
Cars, mines, and f.o.b. vessels, Gulf ports 
(for U.S. and Canada) was quoted at 
$38 per long ton until March 15, and then 
$41 per ton. Bright sulfur prices were 
$1 per long ton higher. Bright sulfur for 


export and on long term contracts, 
f.o.b. vessels, Gulf ports, was quoted at 
$39 per long ton until January 5, then 
$40 until March 15, and then $41. Sulfuric 
acid, 100 percent, tanks, works was quoted 
at $33.40 per short ton until April 5, and 
then $34.65. Canadian pyrites containing 
48 to 50 percent sulfur, were quoted at 
$4.50 to $5 per long ton at mines. 


FOREIGN TRADE 


Exports of crude sulfur, the smallest 
since 1962, went to more than 50 countries 
of which more than 35 percent was shipped 
to the Netherlands. 

Exports of other sulfur totaling 52,786 
long tons were made to more than 40 
countries of which 33 percent went to 
Brazil, and almost 19 percent each to India 
and Italy. Other exports which were re- 
ported, included 1,681 short tons, of un- 
roasted iron pyrites valued at $61,426 to 
nine countries, 77 percent of which was 
delivered to Sweden and Canada; and 
6,437 short tons of sulfuric acid valued at 
$402,096, to about 70 countries, 29 percent 
of which went to Canada. 


Imports for consumption of sulfur, shown 
in table 12, were among the largest. Other 
sulfur-bearing imports included 9,548 short 
tons of sulfur dioxide valued at $225,802 
from Canada; and 147,313 short tons of 
sulfuric acid valued at $2,625,762 from 
four countries, the largest imports being 
128,239 short tons valued at $2,309,347 
from Canada. 


Imports of pyrites in 1968 were estimated 
at 280,000 long tons containing 140,000 
tons of sulfur. Official Bureau of the 
Census data, which do not include all ship- 
ments, reported a much lower figure. 


Table 10.—U.S. exports and imports for consumption of sulfur 


(Thousand long tons and thousand dollars) 


Exports Imports 
Crushed, ground, 
Year Crude refined, sublimed, 
and flowers 
Quantity Value Quantity Value Quantity Value 

% 2,826 378,759 47 $3,404 1,514 333, 525 
boys "Dos 2,043 81,492 150 9,522 1,474 47,612 
EE de 1,549 65,650 53 3, 855 1,572 64,277 
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Table 11.—U.S. exports of sulfur, by countries 


Crude Crushed, ground, refined, 
sublimed and flowers 
1967 1968 1967 1968 
Destination 
Long Value Long Value Value Value 
tons (thou- tons (thou- Long (thou- Long (thou- 
(thou- sands) (thou- sands) tons sands) tons sands) 
sands) : sands) 
Argentina 25 $1,056 15 $686 56 $25 109 $29 
Australia 223 8,464 82 8,436 297 92 262 67 
Austria. 31 1,254 8 422 Boeke, Seene eren Ie 
Belgium-Luxembourg.....- 30 1,191 57 2,882 14 5 24 8 
Brazil. L Su usu 4-4 192 7,652 182 5,710 411 106 17,472 925 
Canada 128 4,554 81 3,343 818 236 1,874 880 
Ill! E 4 1807 ates 8 2 4,486 219 
Colombia 1 DO cassee duele 119 29 133 82 
El Salvador.............- 8 868 4 184 63 11 5 1 
CC ses see TIERE ees 5 195 22 913 63 28 128 94 
Germany, West 66 2,647 9 856 17 8 40 6 

::: el 131 6,195 46 2,261 90,252 5,695 10,172 690 
Ireland... 77 5031 95 / ³˙· KKK tessecss Mega ss 
Israel. l 34 1,444 18 827 1 (1) 20 4 
Italy... c. ͤ UOS 5 238 48 2,215 5,883 261 10,000 620 
Jamaica. 2 96 1 56 1,134 4 2 
Korea, South... e 8 219 gesins nemus 1,070 NG? nasLicc deux we 
MéXICO- ucro tows. een uiae y TS usus 233 82 459 82 
Netherlands 564 21,978 e e sedes. Sua 
New Zealand 64 2,452 64 „626 86 18 95 25 
Norw-waee ui 6 224 2 98 36 8 36 8 
Pakistan. . See. Guss () 1 4 117 20 
Dero o c 8 17 665 (1) 5 102 81 149 81 
Philippines. (1) 7 (1) 5 8,567 236 80 87 
Saudi Arabia 1 66 1 62 818 24 406 85 
South Africa, 

Republic off 67 2,123 56 2,027 15, 521 748 249 41 
Sweden 9 848 10 JJ Bese 21 8 
Talwan. .. ĩ 73 8,675 29 1,466 11,752 748 4,208 800 
Tunisia 51 1,974 48 ö ⁰o¹¹· co ĩ tetclese 
United Kingdom 150 5,745 110 4, 562 85 17 442 28 
Uruguay a/ 10 432 8 1300 dx 912 62 
Venezuela. aa. 2 108 11 674 17,139 841 397 74 
Othee cscs 69 2,862 48 2,098 78 151 488 97 

Total___. 2,043 81,492 1,549 65,650 149,825 9,522 652,786 3,855 


1 Less than 14 unit. 


Table 12.—U.S. imports for consumption of sulfur, by countries 


(Thousand long tons and thousand dollars) 


1967 
Country 
Quantity Value 
CCC) ⁵⁰˙²;1ê—04?ꝓ.4:.! ³ ³ dd ĩð—ᷣ en “cede "Sen arde 
CP PPPPPPPPPUUwUwwhꝙfꝙV́ſõͥͤõͤĩùĩð y 88 750 $18,871 
, ß v . ees 1) 12 
777 ZAS E eM E 1 

Molito EEN 124 29 ,221 

United. Kingdom......2..l-ceec o sec .. . ..... l... ........-.-.. (1) (1 
TOL ites co f ee EE 1,474 47,612 


1 Less than Le unit. 


WORLD 


Canada.—The principal sulfur plants in 
Canada together with their individual daily 
rated outputs and estimated annual out- 
put of sulfur in 1967 were listed.* The esti- 
mated output of sulfur in Canada in 1967 


REVIEW 


4 Cote, R. R., and W. 
June 1968, 11 pp. 


E. 
Canadian Minerals Yearbook 1967, preprint, 


1968 
Quantity Value 
(2) $1 
880 26,442 
(3) 17 
742 31,81 
1,572 64,271 


was reported as follows: 2.9 million short 
tons from 23 plants treating sour gas; 


Koepke. Sulphur. 
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Table 13.—World production of elemental sulfur, by countries 


(Thousand long tons) 


Country 1964 1965 1966 1967 1968 v 
Native sulfur: 
Frasch: 
MCXICO sige oc ce K eel i Lee 1,636 1,482 1,611 r 1,790 1,582 
II EE 227 816 
United States 5,228 6,116 7,002 7,014 7,458 
JJC ĩ⅛ð i eee sede. 6, 864 7, 598 8,613 r 9,031 9,856 
From sulfur ores: 
Argentina dE 22 23 80 82 82 
Bolivia (export) ....- 11 9 57 49 85 
Canary Ielandes MMMMMiMŅMħ 10 e 7 e 7 e 7 T 
Lei TEE 43 85 r 39 55 61 
China, mainland *.....................- r 118 r 118 r 118 r 118 r 118 
ß ee ʒ RU e Tuas 12 18 21 24 28 
NET ß. cee cease (1) (9) (1) (4) (4) 
Indonesia... eee A 2 r4 e re] el 
6) ]] 868 95 94 92 r 82 96 
Japan ocene ͤ(ͤÄ0ĩ2[ ys ee sas 287 210 226 250 256 
ö§öÜ1'. ³ y K 34 29 24 24 
Poland. 2o 8 290 424 469 484 479 
d KA EENEG 6 4 5 3 eg 
Kl 22 22 22 2 2 
S.S.R. EENEG r 985 r 984 r 984 r 1,034 1,038 
United States (3) (3) (1) (1) 
Total 3.__ rra yy ti mr r 1, 829 r 1, 986 r 2, 100 12, 188 2,199 
Total native sulfun kk r 8,693 r 9,584 710,713 711,219 12,055 
Other elemental: 
Recovered: 
HEEN 5 8 5 eb e° 5 
Brazil. cu lll d at ere 5 5 6 6 7 
Bulgaria’ 2. 2o 88 7 10 e 11 e 10 e 10 
e . aa i 1,597 1,847 1,823 12,231 2,9308 
China, mainland è “s? r 128 r 128 r 128 r 128 r 128 
Riad. os 8 67 78 72 r 103 123 
Fe... a a eaa 1,487 1,497 1,516 r 1,639 1,589 
Germany 
NEE 123 123 126 r 121 e 123 
E ar za cec ue ca ee TT 75 78 r 103 125 
Hungary-.... ß ee eek 3 4 3 3 
77 ³˙Üwn y eg 20 20 r 25 25 25 
111i. ˙ð˙ümmmmàmà... eevee cde 2 e 2 e 2 e 2 
PPV Drs eee hee oes 18 36 52 61 78 
Mik ⁵³ð cma 36 46 38 48 52 
Netherlands 28 26 r 45 42 e 46 
Netherlands Antilles 28 30 r 29 30 30 
ST e BEER 6 10 6 (1) e (1) 
South Africa, Republic of 6 7 r6 r 6 ° 6 
Dahl. coe e C e T5 43 28 r 41 e 39 
S sanum cea eq a ue 27 21 17 Jasus: 
(C ³ĩÄWÜ ³·¹i aa aaa aL sea 8 2 2 8 e3 
inis, ⅛ 5 4 4 e 2 3 
D. SOS RH. eee ce ee ees r 394 r 423 r 423 r 443 443 
United Arab Republi 2-2-2- -------- 2 4 11 e 12 8 
United Kingdom 54 48 40 46 e 49 
United States 1,021 1,215 1,240 1,268 1,354 
Tas ce e Oana eee, euism ce (2) e (1) 
Total other elemental................- r 5,223 r 5,702 r 5,729 r 6,978 6,549 
Grand total. r13,916 15,286 716,442 *17,597 18,604 
e Estimate. » Preliminary. r Revised. 


L Less than V unit. 

? Includes sulfur from mined sulfur-sulfide ore. 

3 In some years Iran produces mine sulfur equivalent to 250 to 1,500 tons of sulfur. No estimate in total. 

* From refinery gases. 

5 From sulfide ore. 

s Eroduced from natural gas; includes small quantities from domestic crude oil and treatment of nickel-sulfide 
matte. 

? From natural gas. 

8 From shale oil. 

? Including sulfur recovered from petroleum refineries. 
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115,000 tons from one plant treating oil 
sands; 142,000 tons from various oil re- 
fineries; and 755,000 tons of equivalent 
sulfur from eight plants which produced 
sulfuric acid. The report also gave the 
names of four sulfide ore producers. 

Alberta’s established reserves of recover- 
able sulfur in natural gas were estimated 
at yearend 1967 at more than 117 million 
long tons. The distribution of these re- 
serves according to plants, gasfields, geo- 
logical formations, volume of recoverable 
raw gas remaining, the hydrogen sulfide 
content of the raw gas, and recovery 
efficiencies was reported. 


Commercial Solids Pipeline Co., a sub- 
sidiary of Shell Canada Ltd., secured parlia- 
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mentary approval for constructing a 750- 
mile-long, 12-inch-diameter pipeline to 
transport sulfur from Calgary, Alberta, to 
the Pacific Coast. The pipeline is expected 
to cost $60 million and transport 1,600 
tons of sulfur per day.? 

A new multimillion-dollar sulfur extrac- 
tion plant that will produce 1,480 long 
tons of sulfur and 50 million cubic feet of 
sweetened residue gas daily and reportedly 
the third largest of its type in North 
America was placed onstream by Pan 
American Petroleum Corp. near Crossfield, 


5 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 8, August 1968, pp. 28-32. 
6 Sulphur. Project to Establish 750-Mile Sul- 
phur pipe ine Under Way. No. 76, May-June 
„ p. 44. 


Table 14.—World production of pyrites (including cupreous pyrites) 


(Thousand long tons) 


1966 1967 1968 p 
Country ! 
Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content 
North America: 
Canada (shipment) r 292 145 r 887 e 167 286 e 142 
United States 872 856 861 355 872 362 
Europe: 
Bug t . . . . . .. ce; r 145 r 61 e 148 e 62 e 148 e 62 
Czechoslovakia 346 e 13 870 e 157 NA NA 
Kinland.....- lior Nee ee e ie 508 r 245 700 886 762 965 
F ˙¹iuꝛmꝛ ͤK 4cmdxsead am 87 36 84 35 e 82 e 33 
Germany: 
l H T EE daedcushs 127 53 127 53 e 138 e 57 
P/ ³⁰˙¹¹ A 448 203 547 232 e 608 248 
Lë EE 183 e 60 177 e 83 207 e 96 
Italy. soe EAE E WAR da we 1,284 578 1,389 625 1,884 623 
, 667 297 627 282 77 e 805 
Poland é u Tl 22; eege Ee 236 90 236 89 236 90 
Portugal sé ! . . s. 549 253 520 289 544 250 
Rumania 354 138 354 138 354 138 
SDAD.. un mesuaeddeuads adea us oe 2,380 1,115 2,255 1,070 2,965 1,132 
Sweden 427 218 47 e 242 e 512 e 261 
SSC A eed Doe 3,248 1,722 3,445 1,821 3,445 1,821 
Vugosla via 372 156 418 175 243 11 
Africa: 
A/ ĩ³ðVO» A AA cus 49 23 59 28 59 27 
Morocco ?....... clc cse ee r 292 r 93 848 108 411 123 
x5 South Africa, Republic of 474 e 189 544 e 218 578 e231 
sia: 
China, mainland o ------- 1.476 r 669 1,476 669 1,476 669 
ENER eer SS ale dva ciae r 791 880 48 411 860 413 
Japan BEE 4,659 1,958 4,457 1,878 4,405 e 1,870 
Korea: 
Nort Rd d 492 197 492 197 492 197 
ie iee 4 er] 4 e] NA NA 
Philippines Saas Gana miei eis e NS 118 51 144 67 179 84 
QIWI EE 41 17 88 15 38 e14 
r aAa 171 81 123 59 135 71 
Oceania: Australis MNT RCRUM 246 107 253 111 e 246 e 108 
Totál €. 2o SOL; ol 227 Z 222 r 21,278 r 9,627 21,856 9,923 21,737 9,905 
* Estimate. P Preliminary. Revised. NA Not available. 


! Pyrites are produced in Cuba, but there is too little information to estimate production. Pyrites are also 
produced in Southern Rhodesia, but production figures have been withheld by the Government. 

* Contains 282,311 tons pyrrhotite in 1966 and all pyrrhotite in 1967 and 1968. 

3 Pyrite data covering pyrites, cupreous pyrites, and pyrrhotite only are as follows: 1966, 3, 562, 883; 1967, 


9,498, 3817; and 1968 NA. 
4 Total is of listed figure only. 


SULFUR AND PYRITES 


Alberta. The raw gas feed for sulfur re- 
moval is supplied at the rate of 106 million 
cubic feet per day from 36 wells. Pan 
American owns almost 40 percent of the 
plant and it will operate the plant for 
itself and 23 other firms and individuals.’ 


India.—India depends upon imports for 
its sulfur supply and 90 percent of it is 
used to produce sulfuric acid for fer- 
tilizers and chemicals. Imports of sulfur 
in 1967 totaled 583,307 long tons valued 
at $42.7 million. However, India will soon 
obtain part of its sulfur requirements 
from domestic sources. Two new elec- 
trolytic smelters, Cominco Binani in Kerala 
and Hindustan Zinc in Rajasthan, will have 
a combined annual capacity of 73,800 tons 
of byproduct sulfuric acid. The Madras 
Petroleum Refinery, scheduled for com- 
pletion 1969, will have an annual capacity 
of 17,700 tons of sulfur or 50,200 tons of 
sulfuric acid. In addition, the Amjhore- 
Ghogha pyrite deposits in Bihar are ex- 
pected to yield 85,000 tons of sulfur or 
241,500 tons of 98-percent sulfuric acid 
annually when in full production.? 


Norway.—The operations of Norway's 
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primary and secondary producers of py- 
rites were listed and described. 


Poland.—The Piaseczno mine, near 
Tarnobrzeg, which started to operate about 
10 years ago, currently produces about 
500,000 tons of sulfur annually. The deposit 
is said to extend over a 50-mile area and 
contain 100 million tons of sulfur. The ore, 
containing 21 to 24 percent sulfur, is 15 
to 30 feet thick and overlain by approxi- 
mately 200 feet of overburden which is 
removed by strip mining methods. Output 
may be doubled by 1970, and tripled by 
1973. 


Spain. Huelva City continued to attract 
sulfuric acid operations. Interquimica S. A., 
a new fertilizer complex, planned to con- 
struct plants to produce 350,000 tons of 
sulfuric acid and 130,000 tons of phosphoric 
acid annually. Rio Tinto Co., Ltd., together 
with Union Espanola de Explosivos and 
Sociedad Anomina Crosa, was erecting a 
330,000-ton-capacity sulfuric plant to come 
on stream in 1969. Rio Tinto, already 
operating a large sulfuric acid plant, had 
plans to enlarge its facilities by 180,000 
tons annually.” 


TECHNOLOGY 


A comprehensive study was made on 
sulfur’s sources, consumption in industry, 
consumption in fertilizer, and prices and 
costs.” 

The thermal, wet, and microbiological 
methods of recovering sulfur from an- 
hydrite and gypsum and also six pyro- 
metallurgical, two hydrometallurgical, and 
two electrolytic processes of recovering 
sulfur from sulfide ores were discussed.“ 

The operations of Freeport Sulphur Co.’s 
new Caminada mine and its 8-year-old 
Grand Isle mine, both of which are Frasch 
sulfur mines operated. from platforms 
located 7 miles offshore Louisiana and 
7 miles apart, were compared.“ The 
Caminada project cost $25 million com- 
pared with $30 million for the older 
operation. The Caminada sulfur deposit is 
larger and thinner than the Grand Isle and 
the annual output of sulfur at Caminada is 
expected to be smaller, the Grand Isle 
currently producing more than 1 million 
tons of sulfur annually. The top decks of 
the platform at Caminada mine are 75 
to 85 feet above the water compared with 


60 feet for the older operation. Caminada's 
power plant capacity is about the same as 
Grand [Isles which produces 360,000 
pounds of steam per hour at 600 pounds 
per square inch and 600° F, generating 
4,500 killowatts at 2,400 volts. Caminada 
has two compact boilers in contrast to 
Grand Isle’s four, the newer operation 
using a computer for automated starting 


7 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 5, May 1968, pp. 26-27. 

8 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 9, September 1968, pp. 29-30. 

Sulfur. Norway—The Pyrites Industry and 
Its Potential (Part 1). No. 74, January-Febru- 
ary 1968, pp. 13-18; (Part 2), No. 75, March- 
April 1968, pp. 19-22. 

10 Frank Ernest H. Sulfur, a Basic Industry 
Study. First Manhattan Co., New York, May 24, 
1968, p. 24. 

11 Industrial Minerals (London). Spain— 
Another Acid Plant Planned for Huelva. No. 15, 
December 1968, p. 30. 

12 Frank, Ernest H. Sulfur, A Basic Industry 
Study. First Manhattan Co., 30 Wall St., New 
York, May 24, 1968, 93 pp. 

18 Habashi, Fathi. Processes for Sulfur Re- 
covery From Ores. Pres. at Am. Min. Cong. 
Mining Show, Las Vegas, Nev., Oct. 7-10, 1968, 


17 pp. 
14 Chemical Week. Key to Cheaper Sulfur From 
Sea. V. 102, No. 24, June 15, 1968, pp. 35-36. 
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and shutdown of boilers. The molten sulfur 
from Caminada, as at Grand Isle, will be 
pumped to shore through pipelines. 

A catalytic self-regenerative process for 
producing 20 to 25-percent sulfuric acid 
solution from waste gases from smelters and 
other high sulfuric dioxide sources was 
reported.” 

Bureau of Mines research was successful 
in removing 90 percent of the sulfur from 
molybdenite flotation concentrate. The con- 
centrate was compacted with one-fourth 
of its weight of aluminum powder, heated 
at 800° C for one-half hour, and the 
residue leached with water. The hydrogen 
sulfide derived from hydrolysis was suitable 
for conversion to elemental sulfur by the 
Claus method. In addition, at least 95 
percent of the molybdenum was recover- 
able by allowing the residue from hydroly- 
sis to oxidize and then extract the molyb- 
denum with liquid ammonia." In other 
research, a method was developed for 
determining the SOs and total oxides of 
sulfur in flue gases." Sulfur content data 
were obtained during the routine analysis 
of 1,060 domestic crude oils for 1955—66 
and of 201 foreign crude oils for 1966. The 
weighted average sulfur content of the 
domestic crude oils decreased from 0.73 
to 0.67 percent between 1955 and 1966.” 
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Sulfur analyzing 99.9 percent purity was 
successfully produced from volcanic ash 
contaiz ng 20 percent sulfur in experiments 
at the Colorado School of Mines. Solvent 
extraction techniques were employed.” 

A new mass spectrometer technique 
based on the ratios of two sulfur isotopes— 
STT and S*—in samples, reportedly can be 
used to quickly determine the extent of 
sulfur deposits. Operation of the tool 
depends upon the presence of bacteria in 
the samples and bacterial action. The tech- 
nique reportedly can measure enrichments 
of sulfur as small as 0.05 percent.” 


15 Chemical & Engineering News. Add Another 
Process for Removing Sulfur Dioxide From 
Stack Gases. V. 46, No. 34, Aug. 12, 1968, p. 39. 

1$ Haver, E. P., K. Uchida, and M. M. Wong. 
Recovery of Sulfur From Molybdenite. BuMines 
Rept. of Inv. 7185, 1968, 15 pp. 

17 Smith, J. E., J. A. Hultz, and A. A. Orning. 
Sampling and Analysis of Flue Gas for Oxides 
of Sulfur and Nitrogen. BuMines Rept. of Inv. 
7108, 1968, 21 pp. 

18 McKinney, C. M., and Ella Mae Shelton. 
Sulfur Content of Crude Oils of the Free World. 
BuMines Rept. of Inv. 7059, 1967, 36 pp. 

19 Chemical Engineering. A Pilot Plant To 
Test & New Process for Extracting Elemental 
Sulfur From Volcanic Ash. V. 46, No. 52, Dec. 
9, 1968, p. 47. 

2 Chemical & Engineering News. Sulfur 
Located by Shallow Sampling Method. V. 46, 
No. 52, Dec. 9, 1968, pp. 48-49. 
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Talc, Soapstone, and Pyrophyllite 


By John W. Hartwell ' 


Production of talc, soapstone, and pyro- 
phyllite in the United States during 1968 
rose substantially over output in 1967, 
establishing a new record. However, the 
total value decreased about 3 percent, 
chiefly because of the higher percentage 
of low-unit-value material mined. Produc- 
tion was reported from 75 mines, most of 
which were located in California. World 
production increased, 9 percent. 


Legislation and Government Programs.— 
The Government stockpile inventory as of 
June 30, 1968, listed stocks of talc and 
steatite at 1,244 short tons of block and 
lump, of which 1,044 tons valued at $300- 
000 was surplus, and 3,900 short tons of 
ground material valued at $200,000. There 
is no stockpile objective for the ground 
material. Both the excess ground material 
and the block and lump have been author- 
ized for disposal. 


Table 1.—Salient talc, soapstone, and pyrophyllite statistics 


(Thousand short tons and thousand dollars) 


1964 1965 1966 1967 1968 
United States: 

Mine production... nn 8 863 895 903 958 
VT $6,218 $6,343 $6,479 $6,871 $6,656 
Sold by producers 8 838 50 824 886 
Il $19,233 $19,794 $19,269 $20,488 $21,704 

H TEE 7 70 7 66 
Value i... acci ³ BA 8 $3,391 $3,486 $3,917 $3,450 $3,521 
Imports for consumption. .............- 2 21 22 15 24 
BlüB cc d E c oe See $917 $833 $827 $653 $973 
World: Production. nn 3,878 8,934 4,0938 4,852 4,738 


1 Excludes talcum (in package), face, and compact powders. 


DOMESTIC PRODUCTION 


The total domestic talc, soapstone, and 
pyrophyllite production in 1968 increased 
6 percent over the quantity reported in 
1967. Production was from 15 States, 
with seven States accounting for about 95 
percent of the total output. These seven 
States, in order of decreasing production, 
were New York, California, Vermont, 
Texas, North Carolina, Montana, and 
Georgia. Increased production was re- 
ported principally from California, New 
York, and Texas. 

Western Talc Co., Inc, completed a 
modernization and expansion of its talc 
property near Tecopa, Calif. The objective 


of this program was to increase output of 
talc and clay products to 300 short tons 
per day. 

The Piedmont Minerals Co., Inc., Greens- 
boro, N.C., was in the process of expanding 
milling and storage capabilities at its mill 
in Hillsborough. Increased mine production 
of talc, pyrophyllite, and andalusite was 
planned. Water usage in the milling opera- 
tion was expected to increase from 100,000 
gallons per day in 1969 to 400,000 gallons 
per day by 1973. 


1Mining engineer, Pitts- 


Bureau of Mines, 
burgh, Pa. 
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The White Eagle talc mine near Willow 
Camp in the northwest end of Saline 
Valley, Calif., was opened in 1968 by the 


Bishop Mining & Milling Co. The ore will 
be processed at the mill near Bishop. 


Table 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, by States 


1967 1968 
State 
Short tons Value Short tons Value 
thousan thousands) 

Californits—— v ee 148 , 466 $1,945 165 ,896 32, 075 
§öÜ*⁵(ĩ4 . m eee 46,150 292 45, 600 288 
N ˙· AA ee ee 2,096 17 8,029 88 
North Carolina 109,393 513 100,030 520 
Oregon ³ꝛ˙w¼ u puyu TL SSL 2 (1) 3 1 
Tezin EM a 88 90, 836 356 125, 880 517 
ër iii sh L S SSL ces W W 3,9 10 
Washingtoů nn 4,916 26 W W 
Other States 505, 655 3,722 514,396 3,207 
Sr! oes 902, 512 6,871 958,262 6, 656 


W Withheld to avoid disclosing individual company confidential data. 
1 Less than Le unit. 
? Includes Alabama, Arkansas, Maryland, Montana, New York, Pennsylvania, Vermont, and States indi- 
cated by symbol W. 


Table 3.—Talc, soapstone, and pyrophyllite sold by producers 
in the United States, by classes 


Crude Ground ! Total 
Year Value at Value at Value at 
Short tons shipping point Short tons shipping point Short tons shipping point 
(thousan (thousands) (thousands) 
TT DEE 73,4838 $371 801,587 $18,863 875, 025 $19,233 
ö; 63,345 255 715,079 N 838 , 424 S 
. E ? 110,856 493 138,736 18,776 849,592 19,269 
LEE 2 42,758 280 780,998 20,208 823 , 756 20,488 
1968... ... eee os 264,877 831 821,601 21,373 886 ,478 21,704 


an neues crushed and sawed and manufactured material to avoid disclosing individual company confiden 
ta 


2 Includes exports to grinders in Belgium and Mexico. 


CONSUMPTION AND USES 


Consumption of talc, soapstone, and pyro- 
phyllite in the United States increased 7 
percent in 1968 according to information 
supplied by producers and grinders. The 
quantity sold or used by producers in 1968 
was 886,000 short tons. 

Reports indicate that the amount of talc 
used by the paper manufacturers will in- 
crease to about 50,000 short tons by 1975. 
Sales in 1968 dropped 17 percent below 
1965 sales of nearly 47,000 short tons. 

The quantity of talc, soapstone, and 
pyrophyllite used by the ceramic and paint 
industries in 1968 increased 11 percent 


over 1967. In comparison to the total con- 
sumption by all industries, the percentage 
used by the ceramic and paint consumers 
has been in a general decline since 1963 
when 56 percent of the total quantity used 
was consumed by these industries. 
Although the quantity of the talc-group 
minerals consumed by the cosmetic, tex- 
tile, and roofing industries in 1968 in- 
creased 28 percent over 1967, the percent 
of use in recent years has remained fairly 
constant. Consumption by all other indus- 
tries has also remained constant but total 
quantity used declined slightly in 1968. 
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Table 4.—Pyrophyllite* produced and sold by producers in the United States 


Production Total sales 
Year 
Short tons Short tons alue 
(thousands) 

19hhh h.,. 136,108 142, 532 $1,848 
EI a eh ¾ ⁵³ K remate Soke 126,266 186,308 1,824 
JJ))üĩõĩ%r d y 8 125,202 126, 874 1,627 
%%% f. EE 117,457 118,337 1,579 
19608 Sc s ie EE 130,624 120,319 1,748 


1 Includes sericite schist. 


Table 5.—Talc, soapstone, and pyrophyllite sold or used by producers 
in the United States, by uses 


(Short tons) 


U Talc and soapstone Pyrophyllite 
se 
1967 1968 1967 1968 

Gere ³ð 203, 438 227, 327 15, 628 20, 657 
Foundry facing 5,81 NT undc Los 
Fee. 40, 759 38,739 21,598 W 
ADDE obse menia n rU E M ELEM E C. 151,752 166,336 W W 
Du EE 45,046 38,897 ulcus muet 
RN... 8 71,434 84,699 / y _......-- 
Rubber... ee eee tig eee 27 , 937 20,897 W W 
l!!! ³˙ꝛ³ Vr e 8,384 13,520 W W 
Toilet preparations- -.-.-------------------------------- 26,996 83,930 W w 
eege 1 123,855 1141, 814 2 75, 116 2 99,662 
OUR EE 705,419 766,159 118,337 120,319 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes asphalt filler, carving, composition floor and wall tile, crayons, drugs, exports, fertilizer, grease 
manufacture, insulated wire and cable, joint cement, plastics, rice polishing, vault manufacturing, miscellaneous 


products, and items indicated by symbol W. 


? Includes asphalt filler, brick, crayons, enamel coating, exports, joint cement, refractories, miscellaneous 


products, and items indicated by symbol W. 


PRICES 


Eastern U.S. talc producers increased 
prices early in 1967, while Western pro- 
ducer prices remained steady. Late in 1968, 
however, these Western producers increased 


FOREIGN 


U.S. producers of talc, soapstone, and 
pyrophyllite in 1968 exported nearly 66,000 
tons, valued at $3.5 million. About half 
the material, in both terms of quantity and 
value was shipped to Canada. 

Although the total quantity exported 
was practically the same as that in 1967, 
the value increased slightly due to the rise 
in domestic prices. However, exports were 
down 11 percent from 1964 shipments, 
which were the largest ever exported from 
the United States. 


their prices of better grade material from 
$2 to $5 per ton. Generally prices of talc 
are negotiated between buyer and seller. 


TRADE 


Imports of all unmanufactured talc .dur- 
ing 1968 increased 58 percent over those 
in 1967. Shipments from Canada of crude 
and unground talc were the highest ever 
recorded and increased 217 percent over 
those in 1967. Total imports of all grades 
from Canada were more than double the 
1967 quantity and nearly double the im- 
ports from its nearest competitor, France. 
However, the value of the Canadian im- 
ports was 14 percent less than the value 
of the French imports. 
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Table 6.—U.S. exports of talc, soapstone, 
and pyrophyllite, crude and ground 


(Thousand short tons and thousand dollars) 


Year 


Quantity Value 


em 70 $3,917 
E 66 3,450 
E 66 3,521 


Table 7.—U.S. imports for consumption of talc, steatite or soapstone, 
and French chalk, by classes and countries 


Crude and 
unground 
Year and country 
Short Value 
tons (thou- 
sands 
EE 841 $8 
1967 
Australia _..----..------------- 11 1 
Belgium- Luxembourg 
/ ⁰˙¹eA eee T See 2,850 29 
France S S LZ Gee ewe ume. mne gs 
IndIR uomen See ee Sect 20 
Ir ——— ——-——— 
Italy: no ese da et eee eer 82  (?) 
Ff! ⁰ A000 1 () 
Korea, fr aches Dead 
Sitzen M 8 
ell ĩð SEE Dec 2,914 32 
1968 
ECHT, TEE 9,048 90 
EH, Qua, MER 
Germany, Wet 
jc Ts bY E: u eet ea PR 8 22 
MANY C a Sees 959 41 
ĩ·¹“˙.ĩC Eze ees eee. Shue: vu 
Korea, South «„ 
%ö§ö⁵Ü—! 8 2 (2) 
United Arab Republie 5 1 
!! Sse esses 10,086 134 


Ground, washed, 


powdered, or Cut and sawed Total unmanu- 
pulverized, factured 
except toilet 

preparations 


Short Value Short Value Short Value! 


tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 


21,310 $680 257 $189 21,908 $827 


10 NEE 21 2 

2 GG wlsess 28 6 
2,147 47 6 1 5,008 77 
4, 985 122 1 ( 4, KO 122 
Ee aeons 10 2 

4,879 281 4 4,418 285 
SE sz 200 124 201 124 
670 28 1 (2 671 28 
S 3 5 5 


2,014 45 2 2 11,064 187 

5, 968 160 1 1 5,969 161 
— ee 3 188 3 1 
) qute: aac 22 

4,407 8 Lët 5,366 287 

165 7 210 126 375 133 

1,501 62 2 1,507 64 
727... E E E 2 (3 
Jö y 8 5 1 


14, 055 520 222 319 24,313 978 


! Does not include talc, n.s.p.f.: 1966, $7,131; 1967, $4,938; and 1968, $12,722. 


2 Less than Le unit. 


WORLD REVIEW 


Australia.—An agreement was made with 
the United Sierra Division of Cyprus Mines 
to take over the marketing of talc produced 
by Three Springs Talc (Pty.) Ltd. Sales 
will be made throughout the world except 
in Australia and New Zealand. Talc pro- 
duction in 1968 is expected to total about 
25,000 tons, and to continue increasing 
each year until 1976, when output will 
level off at 55,000 to 66,000 tons per year. 
Sales in 1966 and 1967 were 13,365 and 
7,900 tons, respectively. 


Botswana.—Talc deposits in the Mosha- 
neng area were investigated by the Govern- 
ment in cooperation with the United 
Nations Development Plan. Over 270 tons 
were produced during the year from this 
area for marketing and use tests. Minor 
color impurities were causing difficulties in 
obtaining buyers. 


Canada.—Improvements in the beneficia- 
tion of talc from the Banker Talc, Ltd., 
mines were successful on a small scale. 


TALC, SOAPSTONE, AND PYROPHYLLITE 


The material, because of its higher quality 
and brightness, became competitive as a 
filler in paint and in cosmetics uses. 
Production from this mine averages about 
9,500 tons per year. 


Finland. 
was expected to start before mid-1969 from 
the Lohnaslampi deposit near Sotkamo in 
northern Finland. A new company, Suomen 
Talkki Oy., headed by Lohjan Kalkkitehdas, 
was formed to develop the property. Talc 
will be recovered as a flotation product and 
used principally in paper manufacture. 
Reserves of talc were reportedly large. 


A talc deposit on the island of 
reportedly being developed. 


Greece. 
Crete was 
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Eighty percent of the yearly output was 
expected to be exported. A Greek company 
was to be formed to manage the property, 
and plans were made to purchase mining 
equipment from West Germany. 


Korea, South.— Talc production con- 
tinued to increase. Talc is the most impor- 
tant exported industrial mineral by value. 
Eleven mines were producing in 1967. 
The Fongyang mine, which had the largest 
production, increased its output to nearly 
47,000 tons. The next biggest mine, the 
Shinbo, produced 5,000 tons. Pyrophyllite 
production also increased about 21 percent 
over 1966 output. 


Table 8.—World production of talc, soapstone, and pyrophyllite, by countries 


(Short tons) 


Country 1964 1965 1966 1967 1968 » 
North America: 
anada (shipments) ....... 58,132 52,837 70,144 r 60,664 78,401 
Mexico r 865 r 3,733 12,767 r 8,217 707 
United States 889,949 862, 875 895, 045 902, 512 958 , 262 
South America: 
Argentina... 27,385 r 34,687 r 32,908 e 28,000 NA 
Brazil... 53,038 63,546 e 64,000 e 64,000 NA 
Chile 3,042 4,822 2,818 3,176 3,101 
Colombia. 805 440 1,317 1,102 NA 
Paraguay... 52 154 66 79 88 
OF. cc Ll ee er eas r 3,959 r 4,621 4,227 4, 926 NA 
Uruguay 2,341 2,618 2,946 2,908 NA 
Europe: 
Austrig. -------------- 79 ,225 83 ,668 84,110 r 85,685 e 86,000 
Finland 9,062 7,716 5, 516 2, 824 e 3,000 
France..................- 226,414 264 , 872 r 246,999 r 227 ,074 e 232, 000 
Germany, West (marketable). 33, 604 33,878 36,280 r 36,704 e 46,000 
Greece eee r 4,149 r 8,810 r 4,963 4,304 NA 
ltaly....22ccomiQedea men r 147,025 r 133,880 r 124,702 r 130,686 e 125,000 
Norway _._-.-------.-.--- r 84,014 r 84,857 r 88,298 e 88,000 e 88,000 
Portugal................- 880 78 794 154 e 800 
Rumania e 110,000 126, 765 e 132,000 143,299 e 143,000 
PIII! 29,550 r 80,66 e 82,000 e 31,000 e 81,000 
Sweden 18,360 20,639 r 20,383 26,786 e 22,000 
DSS . 2.2- ----- 385, 000 395, 000 395, 000 408, 000 408, 000 
dum United Kingdom 11,374 11,174 r 10,110 * 11,000 e 11,000 
"Rhodesia, Southern........ 15 e 90 NA NA NA 
South Africa, Republic of 7,294 10 ,187 9,530 10,071 9,978 
Swaziland 2,199 1,014 480 660 640 
T United Arab Republic...... 18, 542 43,682 r 32,670 NA NA 
ja: 
China, mainland *......... 165,000 165,000 165,000 165,000 165,000 
Ill. 8 r 160,894 r 184,935 r 172,208 148,953 193,577 
Allr 1,162,646 1,110,908 1,222,485 1 1, 521, 597 1,862,710 
Korea: 
North ------- 44, 000 55, 000 55, 000 55, 000 66,000 
South. ccc cd 99,272 93,306 119,379 135,443 164, 692 
Pakistan (soapstone) )) 2,821 8,135 3,618 2,92 e 8,000 
Philippines 108 6 702 489 558 
Taiwan 18,718 16,787 31,694 45, 542 32, 026 
Thailand (pyrophyl lite ««««öw „4, 1 3,707 
Oceania: 
Australia 18,777 21,710 23,931 NA NA 
Totaal! r 3,878,461 78,984,446 74,098,430 * 4,851,689 4,737,742 
e Estimate. P Preliminary. r Revised. NA Not availalbe. 


1 Totals are listed figures only. 
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New Zealand.—A two-part report on the 
mineral resources of New Zealand was 
published. The second part of the report 
contains data on occurrences of talc. Only 
one talc mine, in the Cobb-Takaka District, 
was actively producing. The mined mate- 
rial is talc-magnesite and quartz-magnesite 
rock, and reserves were reportedly large. 


MINERALS YEARBOOK, 1968 


In 1967 about 600 tons were mined for use 
in fertilizers, fillers, etc.“ 


Zambia.—The Government reportedly 
started to develop the Lilaya and Chipata 
talc deposits for the purpose of establishing 
a local industry. Considerable marketing 
research has already been done. 


TECHNOLOGY 


New chemical, optical, and X-ray data 
were given for talc, tremolite, and a 
manganoan amphibole from the Gouverneur 
Mining District, N.Y.* The chemical and 
physical properties of talc from the Arnold 
pit were described in detail. Additional 
data on 22 talcs from worldwide localities 
indicated that talc derived from metamor- 
phosed sedimentary rocks contains appre- 
ciable quantities of fluorine, while those 
from ultramafic rocks contain less. 

A calcined white pigment, based on talc 
and having hydrophilic properties, might 
be used in papermaking and as a filler for 
latex paints.“ 

A process to obtain separate platy and 
granular fractions from talc ore, while 
eliminating the impurities, was recom- 
mended as an improved method of talc 
beneficiation.® 

A report on the production, quality, 
uses, and specifications of talc from mines 


in France, Norway, Italy, Austria, India, 
and mainland China was published.“ 

A grade of talc was produced by a 
miling plant in Ghent, Belgium, which 
preferentially absorbs organic materials in 
the presence of water. This property has 
found use in combating oil-polluted waters 
and beaches.’ 


2 U.S. Embassy, Wellington, New Zealand, 
State Department Dispatch A-68: Apr. 14, 1969. 

3 Ross, Malcolm, William L. Smith, and William 
A. Ashton. Triclinic Tale and Associated Amphi- 
boles From Gouverneur Mining District, New 
York. Am. Miner. v. 53, Nos. B and 6, 1968, 
pp. 751-769. 

*Lamar, R. S. (assigned to Cyprus Mines 
Corp.). Calcined Hydrophilic Tale Pigment. 
U.S. Pat. 3,366,501, Jan. 30, 1968. 

5 Bixby, D. H. (assigned to Resource Proc- 
essors, Inc.). Tale Beneficiation Method. U.S. 
Pat. 3,414,201, Dec. 3, 1968. 

$ Industrial Minerals (London). Talc—Mineral 
Mier? ei Zeien of Uses. No. 5, February 1968, 
pp. 3-10. 

7 Industrial Minerals (London). World of Min- 
erals. No. 12, September 1968, p. 32. 
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Thorium 


By Richard F. Stevens, Jr.! 


Thorium continued to be recovered 
entirely from monazite beach sands pri- 
marily as a byproduct of rare-earth oxide 
(REO) production. The metals’ use for 
both industrial and nuclear purposes re- 
mained fairly steady. Supply of thorium 
will probably continue to exceed demand 
until thorium is required as a nuclear fuel. 


Legislation and Government Programs.— 
The U.S. Governments Supplemental 
Stockpile contained nearly 8 million pounds 
of thorium nitrate (Th (NO) ·4H2O) 
equivalent to over 3.6 million pounds 
of thorium oxide (ThO2), compared with 
the stockpile objective of 500,000 pounds 
of contained ThO», which represents the 
Government's projected emergency re- 
quirements. Although the 3.1-million-pound 
surplus has been authorized for disposal 
by Congress, the material is currently 
available for government use only. Early 
in 1969 the stockpile objective was revised 
downward to 80,000 pounds of ThOzꝝ 
equivalent. 


The U.S. Atomic Energy Commission 
(AEC) holds additional stocks of about 
3.2 million pounds of thorium metal 
equivalent for use in nuclear research. 

Although the AEC issued revised radia- 
tion protection standards (U.S. Code of 
Federal Regulations, 10 CFR, Part 20) 
during the year, the quantities listed for 
natural thorium (50 microcuries) remained 
unchanged because of the low specific 
activity of this source material and the 
attendant low risk of human intake of this 
material. 

AEC requested expressions of interest 
from the domestic industry to produce 
dense thoria from thorium nitrate held in 
AEC stocks. This thoria will be used for 
the production of clean uranium-233 in 
AEC production reactors. Since only a 
small quantity of the thoria used is con- 
sumed, the remainder, after purification 
and separation will be returned to the 
AEC inventory. 


DOMESTIC PRODUCTION 


Mine Production.—Domestic monazite 
production in 1968, down 12 percent from 
that reported in 1967, came predominantly 
from the operations of the Humphreys 
Mining Co. on property owned by E. I. 
du Pont de Nemours & Co, Inc, at 
Folkston, Ga., and from the reworking of 
the tailings piles at the Skinner mine of 
the National Lead Co., Jacksonville, Fla. 
This reworking operation, conducted by 
the Carpco Research & Engineering Co., 
was discontinued early in 1968. In addi- 
tion a small quantity of monazite continued 
to be recovered as a byproduct of molyb- 
denum mining operations at the Climax 
Molybdenum Company's mine and mill 
near Leadville, Colo. 

Although no production was reported 
from Idaho or Montana, the Union Pacific 


Railroad Co. (UP) finished a sampling and 
mapping investigation of deposits of tho- 
rium and associated rare-earth elements at 
Lemhi Pass, Beverhead County, Mont., on 
property owned by the Sawyer Petroleum 
Co. The UP also completed market studies 
on the sales potential for thorium, rare- 
earth elements, and yttrium. As a result 
of these studies and the development of 
a process to treat these ores by Nuclear 
Chemical Co., UP and Sawyer Petroleum 
tentatively decided to proceed with the 
development of this property and reportedly 
are conducting negotiations on the market- 
ing of this material. 


1Physical scientist, Division of Mineral Studies. 
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Two recent reports on the geology and 
analysis of the Lemhi Pass thorium resource 
deposits were prepared by the AEC.” 


Refinery Production.—American Potash 
& Chemical Corp., a subsidiary of Kerr- 


Table 1.—Principal firms having capacity 
to process and fabricate thorium 


during 1968 
Company Plant location — 
American Potash & 


Chemical Corp 
The Babcock & Wilcox Co. 
The Dow Chemical Co 
General Electric Co 
Gulf General Atomic, Inc.. 
W. R. Grace & Co 
Kerr-McGee Cord 
Metal Hydrides, Ine 
National Lead Co......... 
Nuclear Fuel Services, Inc. 
Nuclear Materials & | 

Equipment Corp. 


West Chicago, Ill. 
Lynchburg, Va. 
Midland, Mich. 
San Jose, Calif. 

San Diego, Calif. 
hattanooga, Tenn. 
Oklahoma City, Okla. 
Beverly, Mass. 

Albany, N.Y. 
Erwin, Tenn. 


Apollo, Pa. 
Hematite, Mo. 


Source: U.S. Atomic Energy Commission. The 
Nuclear Industry 1968. Nov. 14, 1968, pp. 55, 59. 
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McGee Corp., West Chicago, Ill., and the 
Davison Chemical Division of W. R. Grace 
& Co., Chattanooga, Tenn., continued to 
be the only domestic firms who processed 
monazite and produced rare-earth elements 
and thorium compounds. These two firms 
supplied both crude and refined products 
to other processors during the year. Since 
the monazite production rate continued to 
be determined by the demand for rare- 
earth compounds, the recovered thorium 
exceeded domestic demands and commer- 
cial thorium stocks experienced a continu- 
ing buildup. Magnesium-thorium hardeners 
were not produced domestically during 
1968 and U.S. alloy producers relied upon 
imported master alloys (containing about 
40 percent thorium) produced in the 
United Kingdom by Thorium Ltd. and 
distributed in the United States by Mag- 
nesium Elektron, Inc. of New York. The 
source of this thorium was believed to be 
material recovered as a byproduct of 
Canadian uranium mining operations. 


CONSUMPTION AND USES 


Nonenergy Uses.—During 1968 the total 
apparent consumption of thorium in non- 
energy uses continued the slightly rising 
trend which started in 1966 and was 
estimated to total about 125 tons of 
equivalent ThO> (thoria). Principal uses, 
in order of importance, continued to be as 
follows: Thorium nitrate used in the manu- 
facture of Welsbach-type incandescent gas 
mantles (50 percent of total consumption); 
magnesium-base alloys contain about 3 
percent thorium (30 percent); the use of 
ThOz in the production of dispersion- 
hardened metal such as stainless steel, 
nickel and tungsten (10 percent). In addi- 
tion, a small quantity of ThO was used 
in specialized refractories and as catalysts 
in the manufacturing of organic chemicals. 
Because both thoria and thorium boride 
are capable of withstanding temperatures 
up to 3,000* C, these compounds are 
being considered for use in elevated tem- 
perature applications. Minor amounts of 
other thorium compounds continued to be 
used in electronic devices such as electric 
discharge tubes, bolometers, radiation de- 
tectors, computer memory components, 
photoconductive films, and fuel.cell ele- 
ments. The use of thorium, as thoria, in 
structural alloys for aerospace and military 


projects, while small in quantity, was of 
sufficient importance to justify its retention 
on the Government's list of strategic and 
critical materials. 


Energy Uses.—The demand for thorium 
in nuclear-energy applications was very 
small and was supplied completely from 
the AEC’s stockpile which had been ac- 


? Austin, S. Ralph. Thorium, and 
Rare-Earth Analyses Lemhi Pass—Idaho and 
Montana. U.S. Atomic Energy Commission, Grand 
Junction Office, Grand Junction, Colo, AEC- 
RID-2, April 1968, 12 pp. (open file report). 

Sharp, Bryon J., and Donald L. Hetland. 
Thorium and Rare Earth Resources of the 
Lemhi Pass Area, Idaho and Montana. U.S. 
Atomic Energy Commission, Grand Junction 
Office, Grand Junction, Colo., AEC-RID-%3, July 
1968, 13 pp. (open file report). 


Yttrium, 


Table 2.—Producers and fabricators of 
magnesium-thorium alloys + 


Company Plant location 
American Light Alloys, Inc.. Little Falls, N.J. 
Bendix Foundries ` Teterboro, N. J. 


Brooks and Perkins, Ine 
Controlled Castings Corp 
The Dow Chemical Co 
Hills—McCanna Co 
R. C. Hitchcock and Sons, Inc. 


Detroit, Mich. 
Plainview, N.Y. 
Madison, Ill. 
Carpentersville, Ill. 
Minneapolis, Minn. 


Howard Foundry Co........ Chicago, Ill. 
The Wellman Bronze & 
Aluminum Co............ Bay City, Mich. 


1 Three percent thorium alloys. 


THORIUM 


cumulated prior to 1962. Of the five types 
of nuclear reactors adaptable to the tho- 
rium fuel cycle which are discussed in the 
Technology section, the high-temperature 
gas-cooled reactor (HTGR) and the molten 
salt converter reactor experiment (MSRE) 
are the farthest along in development. Both 
of these reactor systems have a potential 
for higher conversion ratios and greater 
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thermal efficiencies than the present light- 
water uranium-fueled reactors. However, 
the complete development of thorium 
breeder reactors is expected to require 
another 15 to 20 years. Until these re- 
actors are developed the accumulated re- 
quirements of thorium for nuclear energy 
purposes are not expected to total more 
than a few hundred tons. 


PRICES 


During 1968 the nominal price of mona- 
zite ore (sands) as quoted periodically in 
Metals Week ranged from $180 to $200 
per long ton (based upon rare-earth oxide 
(REO) content only). This range is 
equivalent to 8 to 9 cents per pound. 
On the basis of the estimated thoria 
(ThO2) content, the value of imports in 
1968 reported by the Bureau of the 
Census averaged $215 per ton of contained 
ThOz. This was $1 per ton less than the 
average value reported in 1967 and some 
$24 per ton greater than the average value 
reported in 1966. 


FOREIGN 


Exports.—Exports of thorium ore and 
concentrate during 1968 totaled 1,476 
pounds of contained thorium oxide valued 
at $11,201 and were shipped primarily to 
France (99 percent). Small shipments 
(totaling less than 10 pounds each) were 
also made to West Germany, Australia, 
the United Kingdom, Switzerland, and 
Belgium-Luxembourg. Exports of uranium 
and thorium metals and alloys totaled 
6,235 pounds (gross weight) valued at 
$125,686 during the year. These exports 
went primary to Japan (85 percent), 
Spain (8 percent), and Canada (5 
percent). 


Imports.—As indicated in table 3, im- 
ports of monazite, the only thorium ore 
received during the year, more than 
doubled and reached the highest level of 
the past 5-year period. The 1968 imports 
from Australia represented a record high 
for that country. 


The quoted price of thorium metal, 
pellets, and powder remained steady at the 
previous year’s level of $15 per pound. 
During the year, thorium nitrate reportedly 
sold in the range from $2.25 to $3.50 per 
pound and the price of thorium oxide 
ranged from $6 to $12.30 per pound. The 
master magnesium-thorium alloy hardener 
containing 30 to 40 percent thorium was 
quoted at $11.50 to $12 per pound of 
contained thorium plus the market value 
of the contained magnesium (35.25 cents 
per pound). On this basis the cost of 
40-percent thorium hardener was about 
$4.82 per pound. 


TRADE 


Imports of thorium metal, all from 
Canada, totaled 50 pounds valued at $700 
in 1968. Other imports during the year 
included 705 pounds of thorium oxide 
primarily from France (99 percent) valued 
at $5,216, and 68 pounds of other thorium 
compounds valued at $9,947 from West 
Germany (65 percent) and Switzerland 
(35 percent). No imports of thorium 
nitrate were reported in 1968. Imports of 
thorium-magnesium hardeners during the 
year decreased approximately 53 percent. 
Essentially all of this material was im- 
ported from the United Kingdom. Imports 
of thoriated gas mantles increased during 
the year and totaled 3.4 million mantles 
valued at $329,814. These imports came 
from the United Kingdom (87 percent), 
Austria (8 percent), and West Germany 
(5 percent). About 1,000 mantles represent 
1 pound of ThOg. 
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Table 3.—U.S. imports for consumption of monazite, by countries 


I 1964 1965 1966 1967 1968 

Country Short Value Short Value Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- tons (thou- tons MO 

sands) sands) sands) sands) sands) 

Australia 1,450 3126 1,278 3111 1,542 $176 1,540 $195 2,810 3369 
CöÜ;àC d é 0222 E 64 h))!!! ⁵ð Beets. gee 8 
Ceylon ....------------- 335 30 141 C; Rees m ĩð K my 8 

ermany, We.“... . Qua. dS 24 4 24 4 
%ͤ ³˙ ¹ ¹Ow.½Ä⅜].. ĩͤũ -⁊ ciens anaa G mm ꝛð2z 8 72 1J11ͤÜÄ—ỹĩĩ 8 
Korea, South...........-. ...... 4 22 F 49 o 
Malaysia 320 80 447 50 785 92 273 38 1, 514 188 

Nie ³ĩÄW. 8 76 „ 133 13 19 2 
South Africa, Republic ofůw ..... ..... ...-- 115 G sGeces tahoe eee dese 
T 2,105 186 2,028 189 2,442 277 2,091 270 4,367 563 
ThO:» content e 130 ..... 120 ..... 145 ..... £125 ..... 2622 

e Estimated. 


WORLD RESERVES 


A recent study of free world thorium 
‘reserves indicated no significant change 
from that reported previously.* Over half 
the known reserves are located in Indian 
placer deposits, while most of the re- 
mainder is found in veins in the United 
States and occurring with uranium ores 
in Canada. In addition, Canadian uranium 
ore dumps contain at least 35,000 tons of 
thorium oxide which, because of the lack 
of demand, have not been recovered. It has 
been estimated that total thorium reserves 
(assured plus possible additional) might 
be over 1.5 million tons of ThOo. 


WORLD 


Australia.— With production at an an- 
nual rate of some 3,000 tons, Australia 
became the world’s major monazite pro- 
ducer in 1968. Approximately two-thirds 
of the country’s monazite production was 
recovered as a byproduct of ilmenite opera- 
tions in Western Australia and the balance 
as a byproduct of rutile mining along the 
east coast. Essentially all of this monazite 
is exported with the major portion being 
shipped to the United States. 

The country’s major monazite producer 
in Western Australia, Western Titanium, 
N.L., has an annual capacity of 1,200 tons 
following a recent plant expansion. In addi- 
tion, Westralian Oil, N.L. which also 
recovers byproduct monazite from ilmenite 


Table 4.—Estimated free world resources 
of thorium! 


(Thousand short tons ThO:) 


Reason- Possible 
Country ably addi- 
assured tional 
resources resources 
Australian I0. ¿LTD az: 
Brazil BEE 10 20 
Canada... coil eR X 80 150 
Central and South America 
and Malaga 50 50 
Denmark (Greenland 15 A 
e tie a 800 250 
United States 100 500 
Total. o ------- emm 565 970 


1 Cost of less than $10 per pound ThO;. 


REVIEW 


sands, announced plans to double its mona- 
zite production to 1,500 tons annually. 


Brazil.—Current monazite production in 
Brazil, is strictly controlled by the country's 
Nuclear Energy Commission Comissáo 
Nacional de Energia Nuclear (CNEN ). 
The only significant producer, Monazita 
e Ilmenita do Brasil Ltda. (MIBRA), 
works the beach sands in the Ponta da 
Fruta and Guarapari (Espirito Santo) 
areas. The monazite, recovered in a plant 
at Guarapari, is supplied to CNEN for 


3 Organization for Economic Co-Operation, and 
Development. Uranium Resources—Revised Esti- 
mates. A joint report by the European Nuclear 
Energy Agency, Paris, France, and the Inter- 
national Atomic Energy Agency, Vienna, Aus- 
tria, December 1967, 25 pp. 
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Table 5.—Free world production of monazite concentrates, by countries? 


(Short tons) 

Country 1964 1965 1966 1967 1968 > 
Australia 2,219 2, 582 12,222 3,254 3, 591 
BSI... xem 733 658 822 1,189 1, 864 

Vd EE 25 40 40 22 46 
Congo (Kinshasa).............  .....-...-- 22 NA NA NA 
Ht E ica are t E 2,807 2,800 2,900 2,900 2,900 
Indonesia...................-- 154 28 NA NA NA 
Korea, South 28 13 I4 ese kate 
MalagasyRepubliec............- 1,063 1,196 937 28 (3) 
Malaysia (export) 840 777 970 1,060 2,957 
Nigeria 11 9 126 
Teta! 6,852 8,140 7,912 8,598 10,765 
Tho: content *.......- 41 488 474 515 646 
P Preliminary. e Estimate. r Revised. NA Not available. 


United States production data withheld to avoid disclosing individual company confidential data. 
us portae as concentrates containing 45 to 50 percent REO; also reported as 30 percent cerium, which may 
18 


3 Less than Le unit. 


4 Year ended March 81 of year following that stated. 


5 Totals are of listed figures only. 


treatment in its Orquima plant in São 
Paulo which manufactures thorium salts 
and has capacity to process 3,000 tons of 
monazite annually. Currently, however, 
this plant is operating at less than 50 
percent of its rated capacity. 

CNEN itself also recovers monazite from 
beach sands at a small separation plant at 
Comoxatiba in Bahia, a few miles from 
Prado. 

Geological surveys of Brazilian thorium 
and rare-earth ores were conducted which 
indicated that the deposit contained about 
one million metric tons of material with 
an average grade of one percent ThOs, 
and four percent total REO.“ 


India.—Production of monazite from 
beach sands in Kerala State was increased 
during the year. The Alwaye plant of 
Indian Rare Earths Ltd. (IRE) tripled its 
monazite processing capacity in 1968 and 
can now recover 730 tons of thorium 
hydroxide annually. This material is all 
used to produce thorium nitrate and tho- 
rum oxide in a Bombay plant operated 
by IRE for the Indian Government. 

A new separation plant set up at 
Manavalakurichi, Madras State, is cur- 
rently recovering up to 3,000 tons of mona- 
zite annually. IRE announced plans to 
begin operation early in 1970 of a mona- 
zite recovery plant at Chavara, near 
Quilon, which will have an initial annual 
capacity of 600 tons. 

Late in 1968 a pilot plant was com- 
missioned for the separation and recovery 
of uranium-233 from thorium that had 


been irradiated in the Trombay nuclear 
reactor. 


Malagasy Republic.—Production of mon- 
azite concentrates from Malagasy beach 
sands continued to decrease as monazite- 
rich deposits became exhausted and the 
recovery plants were closed. 


Malawi.—The monazite deposits of the 
Kangankunde Hill carbonate complex re- 
portedly contain relatively high REO con- 
tents but are low in thoria content. It has 
been estimated that this deposit contains 
at least 110,000 tons of low-thoria monazite. 


Somali Republic.—A large ore body con- 
taining uranium, thorium, and REO was 
recently discovered at Alio Ghelle about 
150 miles northwest of Mogadisco. Should 
uranium production from this ore body 
prove to be feasible, the deposit would 
represent a significant source of byproduct 
thorium and REO. 


South Africa, Republic of.— Although 
current monazite production from South 
Africa is nil, the country has large reserves 
at the Steenkampskrall mine in the Van 
Rynsdorp District of Namaqualand. 


Turkey.—A thorium deposit located 16 
miles northwest of Sivrihisar is of interest 
because of its geological and mineralogical 
similarity with the Lemhi Pass thorium 
deposits in Idaho and Montana. 


t Wedow, Jr. Helmuth. The Morro do Ferro 
Thorium and Rare-Earth Ore Deposit, Pocos de 
Caldas District, Brazil. U.S. Geological Survey 
Bulletin 1185—D, 1967, 36 pp. 
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TECHNOLOGY 


A revised textbook on prospecting for 
radioactive minerals discussed current 
methods of locating and identifying tho- 
rium mineral deposits An evaluation by 
Bureau of Mines scientists of various 
extractive metallurgical procedures for 
recovering thorium from the Lemhi Pass 
deposits indicated that, except for the 
more stringent leaching conditions re- 
quired, the optimum process and equip- 
ment needed for recovering thorium from 
these deposits was essentially identical with 
that used for recovering uranium by acid 
leaching and solvent extraction. Milling 
costs also would be comparable and any 
acid leach-solvent extraction uranium cir- 
cuit could be readily converted to the 
processing of the Idaho-Montana thorium 
ores. Bureau metallurgists also investigated 
methods of electrowinning thorium to 
study the preparation of high-purity tho- 
rium metal from electrowon, low-melting, 
thorium-base alloys by vacuum distillation. 


The potential of the thorium-232— 
uranium-233 fuel cycle in nuclear energy 
applications is high since the fertile tho- 
rium-232 (natural thorium) can be con- 
verted to fissionable uranium-233 by ex- 
posure to either fast or thermal neutrons." 
Since fission in a nuclear reactor produces 
surplus neutrons over those required to 
maintain a chain reaction, it is possible to 
design a reactor which can produce energy 
and convert fertile material into fissionable 
fuel. These reactors are designated 
“Breeders” or “Converter?” and are of 
interest because of their high burnup rates 
(efficiency) compared with those of en- 
riched uranium-water cooled reactors, 
which have a very low fuel efficiency. 


Research and development of thorium 
utilization in nuclear reactors was con- 
tinued during the year by the AEC, its 
contractors, and some cooperative utilities. 
The AEC continued to recover uranium- 
233 from fuel elements irradiated in its 
production reactors located at Savannah 


River, S.C., and Richland, Wash. Five 
thorium-cycle converter reactor systems 
continued to be investigated for the AEC 
by scientists of the Oak Ridge National 
Laboratory (ORNL), Oak Ridge, Tenn.: 

1. The high-temperature gas-cooled re- 
actor (HTGR). 

2. The molten-salt converter reactor ex- 
periment (MSRE). 

3. The heavy-water reactor (HWR). 

4. The seed blanket or light-water 
breeder reactor (LWBR). 

5. The spectral shift control reactor 
(SSCR). The farthest advanced of these 
reactors is the HTGR system, which has 
been operating as a prototype at Peach 
Bottom, Pa. On the basis of the excellent 
results achieved by this reactor, a com- 
mercial 330 electrical megawatts (MWe), 
HTGR nuclear-power generating station 
is currently under construction near Platte- 
ville, Colo., by the Public Service Co. of 
Colorado. This system, designated the Fort 
St. Vrain reactor, is scheduled to become 
operational in 1972. 

The MSRE system at ORNI was re- 
started during 1968 following a fuel load- 
ing of some 75 pounds of uranium-233 and 
became the world’s first reactor to operate 
completely on this manmade nuclear fuel.’ 
Advantages of this reactor system include 
high operating temperature, high neutron 
utilization, continuous gaseous fission-prod- 
uct removal, no need for fuel element 
fabrication, low fuel-cycle costs, and a 
fluid fuel which can be more easily re- 
processed than can solid fuels. 

Investigations of the physical, mechani- 
cal, and irradiation properties of thorium 
metal and alloys were reported and the 
thorium fuel cycle was described and 
analyzed in detail during the year.“ 

Studies of thoria-strengthened nickel, 
cobalt, and molybdenum alloys indicated 
that optimum dispersion strengthening and 
creep resistance occurred in alloys with 
thoria concentrations of 2 percent.” 


5 Bureau of Mines. Prospecting and Exploring 
for Radioactive Minerals: Supplement to Facts 
Concerning Uranium Exploration and Production. 


Inf. Cire. 8396, 1968, 36 pp. 
6 Chemical Engineering. Meeting the World's 
Voracious Appetite for Energy. V. 76, No. 1, 


Jan. 13, 1969, pp. 101-102. 

7 U.S. Atomic Energy Commission. News re- 
lease L-236. Oct. 8, 1968, 3 pp. 

Chemical Engineering. V. 75, No. 28, Oct. 21, 
1968, p. 48. 

8 Chemical Week. V. 108, No. 21, Nov. 23, 
1968, p. 56. 


D. L. Keller. 


9 Simmonds, E. M., S. W. Porembka, Jr., and 


Reactor Materials. V. 11, Nos. 
1-4, 1968, 283 pp 

10 Wagner, H. J., W. F. Simmons, and V. F. 
Beuhring. DMIC Review of Recent Developments: 
Nickel- and Cobalt-Base Alloys. Defense Metals 


Inf. Center, Battelle Memorial Inst, Columbus, 
Ohio, Aug. 9, 1968, 5 pp. 
Wilcox, B. A, A H. Clauer, and W. S. 


McCain. ‘Creep and Creep Fracture of Ni-20Cr- 
2ThO» Alloy. Trans. of Met. Soc. AIME, v. 239, 
No. 11, November 1967, pp. 1791-1795. 
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Tin 


By John R. Lewis! 


The United States continued to lead the 
world in tin usage in 1968. A total of 
81,961 long tons was consumed, of which 
58,859 long tons (mostly imported) was 
as primary tin metal. The United States 
outdistances the other tin-using nations in 
use of secondary (i.e. reclaimed) tin, con- 
suming 23,102 long tons in 1968. Total 
tin consumed was slightly more than in 
the previous year but still about 4.1 per- 
cent below the peak of 1966. 

The International Tin Council met four 
times during 1968, three times in London 
and once in La Paz, Bolivia. Heading the 
list of actions taken was notation by the 
Council of the persistent weakness in the 
tin market reflecting itself in prices, and 
an agreement on September 18, 1968, 
by producing member nations to limit tin 
exports for the remainder of calendar year 
1968 to a rate equivalent to 38,000 long 
tons per calendar quarter. Prices firmed 
late in the year, especially in the United 
States where users made heavy hedge pur- 
chases against the expected dock strike. 


Except for a small amount of Far East 
tin entering the country via California 
ports, nearly all tin arriving in the United 
States came in through east coast ports. 
East and gulf coast ports were struck by 
dockworkers and closed from December 
20, 1968, to February 17, 1969. Tin buyers 
had purchased heavily during the second 
half of 1968 in anticipation of the strike 
and by yearend 1968, U.S. warehouses 
were well supplied, and no dislocations 
had yet appeared. Smaller tin users, how- 
ever, apparently began to suffer before 
the strike was over. 


Legislation and Government Programs.— 
There was no legislation directly affecting 
tin during 1968. 

On July 1, 1968, the General Services 
Administration (GSA) announced that it 
was suspending commercial sales of tin 
pending results of a government review of 
methods of disposing of excess tin. GSA 


Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient tin statistics 


(Long tons) 
1964 1965 1966 1967 1968 
United States: 
Production: 
o nu e es E 65 47 97 W W 
Smelter_-__... .. cece . .. .......- w 3,098 3,825 3,048 9,458 
Secondar F/ 28,508 25,076 25,949 22,667 22,495 
Exports 555 and reex ports) .- „04 2, 829 2,847 2,479 ,495 
Imports for consumption: | 
Metal T . 22 Eh 82,132 40,816 41,699 50,223 57, 358 
Ore (tin eontent). ..--------------- 5,190 4,286 4,372 8,255 2,282 
Consumption: 
Fim 58,543 58, 505 60, 185 57, 848 58 , 859 
L MOCONGETY o. o lc 8 24,804 25,461 25,277 22 ,790 23,102 
Price: Straits tin, in New York, 
average cents per pound — 157.72 178.17 164.02 153.405 148.111 
World: Production: 
MIB uu c 8 198 , 457 201,115 208,071 215,006 226,624 
%õ⁵»;ê1' catorum meme Ea e 191,080 197,181 200 , 502 219 ,276 280 ,021 


W Withheld to avoid disclosing individual company confidential data. 
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stated, however, that sales under the pro- 
gram of the Agency for International 
Development would continue during the 
period of review. The announcement also 
promised that no significant change in the 
tin disposal program would be put into 
effect without appropriate consultations. 
On September 27, 1968, a followup an- 


MINERALS YEARBOOK, 


1968 


nouncement by GSA revealed that the 
review had not been completed, that no 
significant change in the tin disposal pro- 
gram would be put into effect until after 
appropriate consultations, and that in the 
interim the GSA would not sell tin com- 
mercially. There was no further announce- 
ment by yearend. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Very little tin ore has been mined in the 
United States over the past decade, and 
little change is expected. Almost half of the 
small amount recovered in 1968 came as 
a byproduct of molybdenum mining in 
Colorado, while the remainder was mined 
in Alaska and California. In all, less than 
100 long tons of tin metal was mined. 


SMELTER PRODUCTION 


The United States’ only tin smelter, 
located at Texas City, Tex., was sold by 
Wah Chang Corp., a subsidiary of Tele- 


dyne, Inc. on September 1, 1968, to Fred 
H. Lenway & Co., Inc., San Francisco, 
Calif. The smelter has been producing 
refined tin pigs which are 99.96 percent 
Sn, primarily from low-grade Bolivian con- 
centrates (19 percent Sn) by an electro- 
lytic process. 

The Texas City smelter produced 3,453 
long tons of tin in 1968, compared with 
3,048 long tons in 1967. Practically all of 
the tin produced for several years, includ- 
ing 1968, was consumed in tinplate manu- 
facturing plants in Chicago, Ill., Fairfield, 
Ala., and Pittsburgh, Pa. 


SECONDARY TIN 


About 30 percent of the tin consumed 
in the United States in 1968 was recovered 
from secondary sources. Some 85 percent 
was recovered as alloys, either from copper 
base scrap in smelters or foundries or 


Table 2.—Secondary tin recovered from 
scrap processed at detinning plants 

in the United States 

1967 1968 


Tinplate scrap treated ! 


ong tons 773,605 778,346 
Tin recovered in the form of— 
Metall long tons 2,667 2,447 
Compounds (tin content) 
long tons 486 492 
Total do 3,153 2,939 
Weight of tin compounds pro- 
duced. .......... long tons 940 893 
Average quantity of tin recov- 
ered per long ton of tinplate 
scrap used unds.. 9.13 8.46 
Average delivered cost of tin- 
plate scrap. ...per long ton. $24.18 $21.58 


1 Tinplate clippings and old tin-coated containers 
have been combined to avoid disclosing individual 
com any confidential data. 

overy from tinplate scrap treated only. In 
addition, detinners recovered 400 long tons (293 tons 
in 1967) of tin as metal and in compounds from tin- 
base scrap and residues in 1968. 


from lead or tin base scrap. In the latter 
group are solders, type metal, babbitt, 
drosses, and other residues. The balance 


Table 3.—Tin recovered from scrap 
processed in the United States, 


(Long tons) 
Form of recovery 1967 1968 
Tin metal: 
At detinning plants 2,939 2,815 
At other plants.. 237 163 
Total. mc 3,176 2,978 


Bronze and brass: 
From copper-base scrap... 


10,952 11,624 
From lead and tin-base 


SCTE occ ccc E as 316 271 
Dt! 1I1, 268 11,895 
Sf! ( 4.775 4,215 
Type metall 1,604 1,604 
e Seege 912 838 
Antimonial lead ` --.---.------ 386 400 
Chemical compounds... ....... 506 524 
Miscellaneous 40 41 
/ 8,223 7,622 


Grand total ....------- 2,667 22,495 
Value (thousands) $77’ 893 374, 631 


1 Includes foil, eable lead and terne metal. 


TIN 


of recovered tin was obtained as tin metal 
from detinning plants, most of which use 
an alkali chemical process to strip the 
tinplating from cans and scrap. 
Secondary tin metal (as differentiated 
from tin recovered in alloys) was recovered 
to a greater degree in the United States 
in 1968 than anywhere else in the world. 
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Detailed data on these recoveries have not 
been kept except in the United States, 
but the International Tin Council estimated 
that four nations used 77 percent of the 
world’s secondary tin metal in 1968 as 
follows: United States (35 percent), United 
Kingdom (23 percent), West Germany 
(11 percent), and Austria (8 percent).? 


CONSUMPTION 


Table 4.—Shipments of metal cans’ 


(Thousand base boxes) 


968 
Type of can 1967 r 1968 change, 
percent 
FOOD AND BEVERAGES 
Fruit and fruit juices.. 14,313 14,815 ...... 
Vegetables and vege- 
table juices... ..... 21,952 24,540 +11.8 
Milk, evaporated and 
condensed......... 3,337 2,854 —14. 5 
Other dairy produets 728 731 +.4 
Soft drinks 14,580 20,050 +37.5 
S7 ss sce 27,537 30,787 +11.8 
Meat and poultr7 ` 8,803 8,919 +3.0 
Fish and other sea- 
foods 2, 920 2,833 —8.0 
Coffe 4,162 4,117 —1.1 
Lard and shortening... 1,986 1,695 —17.7 
Baby foods 855 862 +.8 
Pet foods 5,797 6,200 +7.0 
All other foods, 
including soups - 13,227 13, 510 +2.1 
Total or aver- 
age, -------- 115,197 126,413 +19.7 
NONFOOD 
FP 3,056 8,166 4.4 
Paint and varnish..... 4,154 4,393 +5.8 
Antifree ne 828 928 +11.5 
Pressure packing 
(valve type) 4,971 4,751 +8.7 
All other nonfood..... 6,374 6,454 +1.3 
Total or aver- 
age. 18,783 19,687 +4.8 
BY METAL 
Steel base boxes 126,141 136,226 +8.0 
Short tons 
(thousand) ) 5, 149 5,560 8.0 
Aluminum base boxes. 7,889 9,810 +25.1 
Short tons 
(thousand)..... 174 209 +20.1 
* Revised 


1 Includes both tinplate and aluminum cans. 


Sources: U.S. Department of Commerce; The 
Malayan Tin Bureau. 


Primary and secondary tin consumption 
in the United States showed a 1.6 percent 
improvement in 1968, thereby reversing, 
but not eradicating, the 6-percent dip ex- 
perienced in 1967. U.S. consumption of 
both primary and secondary tin was 81,961 
long tons in 1968, compared with 80,638 
long tons in 1967 and 85,462 long tons 
in 1966. Primary tin consumption rose 1.7 
percent in 1968 over that of 1967 while 
secondary tin consumption improved only 
1.4 percent. 

Tin faced severe competition, in 1968, 
from glass, aluminum, tin-free steel, and 
plastics, especially in the container field. 
However, increased use of solder for elec- 
tronic devices, vigorous activity among 
bronze and brass makers, a strike in the 
glass bottle industry, an unusually heavy 
food pack, and increasing use of tin in a 
molten float bath for making large plates 
of very smooth glass proved helpful in 
improving demand. 


? International Tin Council. Statistical Bulletin, 
March 1969, p. 41, table G-3. 
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Table 5.—Stocks, receipts and consumption of new and old scrap and tin 
recovered in the United States in 1968 


(Long tons) 
Gross weight of scrap 
Type of scrap and Stocks Re- Consumption Stocks Tin recovered 
class of consumer Jan. 1 . ceipts ec. 
New Old Total 31 New Old. Total 
Copper-base scrap: 
Secondary smelters: 
Auto radiators 
(unsweated)......... 2,879 51,666 ...... 51,487 51,487 3,058 2,214 2,214 
inet composition or 
P RN MUN 4,779 80,039 16,897 64,173 81,070 3,748 642 2,887 8,029 
Brass, low (silicon 
bronze)... 478 4,801 3,863 895 4,758 521 -aas 5 b 
Brass, yellow 6,452 57,880 8,198 50,526 58,724 5,108 2 466 4 
ronze 8,088 28,757 4,451 24,797 29, ,248 2, 547 350 1,951 2,801 
Low-grade scrap and 
residues 6,088 54,294 48,478 8,459 51,982 8,445 11 16 
Nickel silver 868 4,544 63 4,177 4,815 592 5 32 37 
Railroad- car boxes 186 1,625 1,648 1,648 163 ..... 78 78 
r 24,758 288,106 77,520 206,162 288,682 24,182 1,087 7,133 8,170 
Brass mills:! 
Brass, low (silicon 
ron ze) 5,239 35,571 35,571 ...... 35,571 0 82½:ůꝗãꝙcnmnn 8 
Brass, yellow. ........- 24,119 231,258 231,258 ...... 281,258 16,904 298  ..... 298 
rOonze.......-.-..-..- 929 „792 E dk 3,792 652 184 ͤ ñEͤ2ͤ 184 
Mixed alloy scrap . `. ` r 6,381 2,143 2,148 ...... 2,143 3, 134 m uem 2 
Nickel silver 8,498 10,931 10, ,991 .....- 10,981. 6, ,298 __... O ween 
Dil! r 45,116 288,695 283,695 283,695 30, 070 484 484 
Foundries and other plants: 
Auto radiators 
(unsweated)........- 1,858 5,524 ...... 6,007 6,007 870 ..... 270 270 
Vie composition or 
3 571 4,179 1,495 2,648 4,148 607 71 126 197 
Brass, low (silicon 
bronze 111 408 246 244 490 29. 26225 2 2 
Brass, yellow. ........- 889 6,058 2,995 3,285 6,280 667 6 26 82 
FONE. 22055 ces esos 442 1, 575 547 999 1, 546 471 49 78 127 
Low-grade scrap and 
residues 2,488 10,655 3,877 7,289 10,666 2,477 ..... ....- ...-. 
Nickel silver 4 63 19 44 63 A. Sed, Seed 52s 
Railroad-car boxes 1,687 21,826 ...... 22,287 22,287 1,176 ..... 1,059 1,059 
Totaal! 7,495 50,288 8,679 42,808 51,482 6,301 126 1,561 1,687 
Total tin from copper- 
base Scrap 222-22 ⁵¼¼ů³U aaia bicak 1,647 8,694 10,841 
Lead-base scrap: 
Smelters, refiners, and 
others: 
Babbitt. .............- 872 10,404 ...... 10,418 10,418 868 ..... 505 505 
Battery lead plates 25,698 412,20 414,326 414,326 23,577 435 486 
Drosses and residues.... 717,724 96,051 92,829 ...... 92,829 20,946 1,987 ..... 1,987 
Solder and tinny lead... 249 10,186 ...... 10,188 10,188 202 ..... 1,778 1,778 
Type metals 8,217 31,129 ...... ,294 31 294 3,0522 1,487 1,487 
Tell! ¿2 r 47,260 659,925 92,829 466,216 559,045 48,140 1,987 4,205 6,142 
Tin-base scrap: 
Smelters, refiners, and 
others: 
Babbitt..............- 31 890 9 878 887 84 7 817 824 
Block-tin pipe 4 SLT. 22:2 208 208 18 ..... 201 201 
Drosses and residues r 878 3,618 4,044 4,044 452 2,138 2,188 
Pewter.........-.....- 1 14-2222 12 12 8 10 10 
Total.celdo22c22-2- 914 4,239 4,058 598 4,646 507 2,145 528 2,678 
Tinplate scrap: 
Detinning plant 33 718,846 ...... 778,846 ...... 3,889 ..... 8,889 
h; oA k Geet 9,068 18,427 22,495 
Revised. 


1 Lines in brass mills and total sections do not balance as stocks include home scrap—purchased scrap as- 


sumed to equal receipts. 
2 Omits machine shop scrap." 
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Table 6.—Consumption of primary and secondary tin in the United States 


(Long tons) 
1964 1965 1966 1967 1968 

Stocks Jan. 1 IV lũt᷑ eee 29,548 82,591 87,277 82,718 80,087 

Net receipts during year: 
Primary EE 62 ,939 64,302 56,869 r 56,324 58 ,870 
Secondary ....................-..2.-.-.-- 2,524 2,530 2,718 2,884 2,101 
SOPRD EE 22,985 24,676 28,654 21,492 21, ,693 
vk d WEE AAA tse thee 88 , 448 91,508 83,2836 r 80,700 82,664 
Available 117.996 124,099 120,513 113,418 112,751 
Stocks Dec. 31 1 iui1u! -. L2 ----- 32,591 37,277 32, 718 r 80,087 27,778 
Total processed during venr. 85,405 86,822 87,795 88,331 84,978 
Intercompany Case ions ‘in SCTRp.........- r 2, 558 r 2,856 r 2,933 r 2,693 8,012 
Tin consumed in manufactured produets r 82,847 r 88,966 r 85,462 * 80,638 81,961 
aal he EE r 58,5493 r 58,505 r 60,185 57,848 58,859 
Secondary .....................-....-.- 24,304 25,461 25, 277 22,790 23 , 102 


r Revised. 
1 Stocks shown exclude tin in transit or in other warehouses on Jan. 1, as follows: 1964, 175 tons; 1965, 220 
tons; 1966, 185 tons; 1967, 90 tons; 1968, 20 tons; and 1969, 1,185 tons. 


Table 7.—Tin content of tinplate produced in the United States 


Tinplate (hot dipped) Tinplate (electrolytic) Tinplate Total tinplate (all forms) 


waste, 
Gross Tin Tin per Gross Tin Tin per strips, Gross Tin Tin per 
weight content short weight content short cobbles, weight content short 
Year (short (lon ton of (short (lon ton of etc., gross (short (long ton of 
tons) tons pau tons) tons plate vont tons) tons)! plate 


(pounds) (pounds) (short (pounds) 

; tons) 
1964. 188,178 1,341 21.7 5,204,541 * 29,885 712.8 637,481 5,980, 200 731,176 11.7 
1965. 80, 645 914 25.4 5, 245, 642 29,105 712.4 599,400 5,925,687 30,019 1 11.8 
1966. 42, 290 366 * r 19. 4 5,154,550 * 28,194 12.8 675,558 75,872,898 728,560 1 10.9 
1967. r 26,612 r 268 22.2 6,544,987 : 29,289 711.97 748,689 r 6,815,288 r 29,552 10.5 
1968...... (3) (3) © (3) (3) (3) 682,792 6, „088, 345 28, 889 10. 6 


Revised. 

Includes small tonnage of secondary tin and tin acquired in chemicals. 

SE GE and electrolytic tinplate have been combined to avoid disclosing individual company confi- 
en : 


Table 8.—Consumers receipts of primary tin, by brands 


(Long tons) 
Year Banka English Katanga Straits  Thaisarco Others Total 
13rZ g cbse Su 1,271 1,441 1, 839 38,9722 ! 19,416 62,939 
.. suede ee 8,112 425 850 88,434 1,950 119, 531 64,302 
lr E 709 483 95 30,560 9,815 115,257 56 , 869 
190 EE 404 704 91 81,980 13,400 ir 9,745 r 66,324 
19689888 8 305 950 12 40, 900 11, 600 5,108 58,870 


1 Includes GSA not reported under specific brands. 
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Table 9.—Consumption of tin in the United States, by finished products 


(Long tons of contained tin) 
1967 1968 

Primary Secondary Total Primary Secondary Total 

Alloys (miscellaneous) ---------- 310 142 462 442 182 624 
Báäbpitt -c ps 8 1,662 1,159 2,821 2,148 1,440 ; 

, ß eee 854 21 875 970 115 1,085 
Bronze and braas sss 4,350 12,110 16 , 460 3,851 11,631 15,482 
Chemicals including tin oxide 937 1,887 2,774 1,744 1,428 3,167 
Collapsible tubes and foil.............. 1,071 38 1,109 1,114 55 1,169 
Pipe and Gobing 14 67 87 90 
Solder--. 2. en uen 8 14,052 6,070 20,122 14,685 6,685 21,370 
Terne mecal -2-a 26 179 44 295 18 480 
KIK TEE 2,551 58 2,609 2,105 55 2,160 
plette ee r 29,552 .......- r 29,552 28,889 .......- 28,889 
Tin powder 924 19 943 1,103 58 „156 
Type metall 100 1,019 1,119 108 1,109 1,217 
White metal ?............ .. 1,094 70 1,164 1,330 66 1,896 

thor oe es Sok acu 8 74 54 128 7 66 14 
Otel. ul zulu ee ole ls. r 57,848 22,790 * 80,638 58 ,859 28 , 102 81,961 

r Revised. 


1 Includes secondary pig tin and tin acquired in chemicals. 
2 Includes britannia metal, jewelers’ metal, and pewter. 


STOCKS 


Tin stocks on hand in, or en route to, 
the United States as of December 31, 1968, 
continued a 4-year decline, although the 
reduction noted between 1968 and 1967 
was not quite as sharp as had occurred in 
earlier years. One factor which probably 
contributed to the reduced grand totals of 
U.S. tin stocks were the export controls 
imposed for the last 104 days of 1968 upon 
producing member nations of the Inter- 
national Tin Council. 

The strike of longshoremen at east and 


gulf coast ports was still underway at year- 
end, and ships were known to be in certain 
east coast ports waiting to unload pig 
tin. The unusually high amount of tin re- 
ported in table 10 as “afloat to the United 
States" reflects the magnitude of this back- 
log. During the summer of 1968, tin buy- 
ing and coastal warehouse tin receipts 
were considerably inflated in anticipation 
of the dockworkers' strike and by yearend, 
warehouses still were shipping tin to con- 
sumers in the interior. 


Table 10.—U.S. industry tin stocks 


(Long tons) 
1964 1965 1966 1967 1968 
FARE raw materials: 
ig tin: 
ET Lu tb oe a eee es 20,926 25,319 20,531 17,044 15,952 
Secondary 6665666455 . . . . ecole ee 247 202 276 283 215 
In process DEE 11,418 11,756 11,911 * 12,760 11,611 
e d ee 32, 591 37,277 32,718 * 30,087 27,778 
Additional pig tin: 
In transit in United States.. 220 135 90 20 1,185 
dobbere-Amporterg. sss 22,950 3 2,000 41,790 51,815 1,182 
Afloat to United States 1,740 1,875 8,415 4,890 5,390 
J...... a ee ee 4,910 4,010 5,295 6,225 7,757 
Grand total 37, 501 41,287 88,018 * 86,812 35, 585 
r Revised. 


1 Tin content, including scrap 


2 Includes GSA as follows: 15 590 tons end of December 1964, sold but not delivered. 
3 Includes GSA as follows: 97 5 tons end of December 1965, sold but not delivered. 
Includes GSA as follows: 1,539 tons end of December 1966, sold but not delivered. 


$ Includes GSA as follows: 


428 tons end of December 1967, sold but not delivered. 
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PRICES 


Prices for top-graded Straits tin delivered 
in New York City began the year 1968 
on a downhill trend which had started 
during the summer of 1967, at which time 
prices for this tin in New York were 
around $1.55 per pound. One year later, 
between June and August 1968, this price 
bottomed out at around $1.42 per pound, 
the lowest monthly average Straits-New 
York delivered price since May 1964. 
The rapid acceleration which began in 
September 1968 could be traced to several 
overlapping conditions. Hedge buying 
against the possibility of a longshoremen’s 


strike drove prices to a high of $1.68 on 
December 6, shortly before the strike finally 
materialized on December 20. There was 
also a certain price strength which could 
be identified with the export controls 
imposed by the International Tin Council 
on September 19, and with continued sus- 
pension of tin sales from the strategic 
stockpile by the U.S. Government. The 
fractional amounts of grade A tin that 
moved into commercial channels from the 
U.S. stockpile early in 1968 all was sold 
at an average quotation of $1.54 per pound. 


Table 11.—Monthly prices of Straits tin for prompt delivery in New York 


(Cents per pound) 


1967 


1968 
Month 

High Average High Low Average 

Janusry-..... . . . . . . . . . . . ...-- 154.125 153.125 153.881 150.750 144.750 147.876 
FebruarꝰV --------------- 155. 000 153.875 154.382 145.750 145 .000 145.632 
, ...... -- . . . coaches 154.250 153.000 153.710 147.000 145.250 145.625 
April... LZ luu Zb u es 154.250 152.750 153.331 145.750 144. 500 145.214 
MOY aio mmm... ee 154.500 152.250 153.114 144.500 142.750 143.295 
NEE EE 157.000 152.750 154.943 142.2650 141.250 141.650 
/ EET ote 155.000 153.375 154.394 142.250 141.000 141.477 
August-.-... .. oo sec e Unc 158 .875 151.875 152.500 142.500 141.500 141.852 
September....................- 151.875 150.750 151.018 152.000 142.500 148.038 
Gert 8 158. 500 150. 625 151.994 157.250 148. 250 151.071 
November 156.000 154.000 155.013 167.250 157.750 162.139 
December 154. 000 151.250 152 .588 167.750 159. 000 163.464 
Average 157.000 150. 625 153. 405 167.750 141. 000 148.111 


Source: American Metal Market. 


FOREIGN TRADE 


Because the United States produces only 
a very small amount of tin, its imports of 
tin metal dominate the Nation’s tin trade. 
Of the tin imported in 1968, 72 percent 


came from Malaysia and 21.5 percent from 
Thailand, while another 2.4 percent was 
received from the United Kingdom. 
Imports of tin in concentrates fell about 


Table 12.—U.S. exports and imports for consumption of tin, tinplate, and 
terneplate in various forms 


Ingots, pigs, and bars 


Tinplate and terneplate 


Tinplate circles, 
strips, and Tinplate scrap 


cobbles 
Year Exports Reexports Exports Imports Exports Imports 

Long Value Long Value Long Value Long Value Long Value Long Value 

tons (thou- tons (thou- tons (thou- tons (thou- tons (thou- tons  (thou- 

sands) sands) sands sands) sands) sands) 

1966....... 1,866 $6,985 981 $3,849 257,140 $41,746 111,678 $22,096 11,031 $1,229 14,687 3535 
1967 2,050 6,962 429 1,412 241,873 39,781 189,598 27,112 13,732 1,485 12, 078 881 
1968....... 8,813 12,784 682 2,267 249,392 41,898 203,269 39,156 18,681 1,405 15,827 541 
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Table 13.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 


Miscellaneous tin manufactures 


Tin compounds 


Imports Exports Imports 
Tinfoil, Dross, skimmings, Tin scrap and 
tin powder, scrap, residues, other tin-bear- 
Year flitters, and tin alloys ing material 
metallies, tin, n.8.p.f. except tin- 
and plate scrap 
manufactures — 
n.8.p.f., value Long Value Value Long Value 
(thousands) tons (thousands) (thousands) tons (thousands) 
DËSE $251 108 $124 $1,957 295 $476 
/ iue ere 855 449 462 1,490 81 208 
19868 „0tÿ 2,742 487 582 2,676 89 81 


Table 14.—U.S. imports for consumption 
of tin,’ by countries 


1967 1968 
Country Long Value Long Value 
tons (thou- tons (thou- 
sands) sands) 
Belgium- 

Luxembourg 228 $777 12 $37 
Bolivia....... 571 1,961 38 100 
Canada 41 1 11 
Chile 73 S.. 
Germany, 

West. 80 288 Jee 
India 10 G 
Indonesia 129 420 350 1,134 
Malaysia 30,691 101,802 41,324 181,788 
Netherlands 25 83 871 2,652 
Nö ³ ⁰ 88 606 1,933 
Peru 159 599 dëses 
Portugal 275 920 240 776 
Singapore 62 217 80 246 
South Africa, 

Republic of. ..... ....... 50 158 
SSS ³¹¹1 eier 30 94 

ailand .  — 16,586 64,786 12,326 38, Log 
United 
Kingdom... 1,333 4,459 1,480 4,862 


Total... 50,228 166,529 57,358 181,940 


1 Bars, blocks, pigs, grain, or granulated. 


30 percent in 1968, to 2,282 long tons. 
As the Nation’s only tin smelter began 
phasing itself out of the tin business when 
its supply arrangement with Bolivia ex- 
pired, so too did Bolivian concentrates 


WORLD 


INTERNATIONAL TIN AGREEMENT 


Three successive 5-year International Tin 
Agreements have served, since July 1, 1956, 
to regulate certain segments of the world’s 
tin trade. The Third International Tin 
Agreement became effective July 1, 1966, 


Table 15.—U.S. imports for consumption 
of tin concentrate, by countries 


1967 1968 
Country Long Value Long Value 
tons (thou- tons (thou- 
(tin sands) (tin — sands) 
content) content) 
Australia. 96 $36 
Bolivia........ 3,247 $7,608 2,180 5,234 
Congo 
(Kinshasa) ...... 6 17 
Peru 1... 2. 24. usos! ues. 
United 
Kingdom.... 1 D^ luas. wwkwus 
Total... 3,255 7,635 2,282 6,287 


1 Reported by the Bureau of the Census as coming 
from Peru, but believed by the Bureau of Mines to 
be from Bolivia. 


shipped to the United States begin to 
dwindle. By yearend the concentrate im- 
porting operation essentially had ceased. 

Significant quantities of various tin semi- 
manufactures and manufactures continued 
to be exported in 1968. That tin which 
is contained in imports and exports of 
habbitt, solder, type metal, and bronze is 
shown in the Copper and Lead Yearbook 
chapters. Ferrous scrap exports, including 
tinplate and terneplate scrap, are not 
classified separately. 


REVIEW 


and continues to June 30, 1971. A fourth 
and continuing 5-year agreement was under 
preliminary study as 1968 drew to a close. 
The United States, West Germany and 
the U.S.S.R., all large tin consumers, are 
not members. 


TIN 


The agreements are administered from 
the London headquarters of the Inter- 
national Tin Council (ITC). Voting rights 
of the producing member nations are based 
upon the amounts of tin each produces. 
Total producing votes equal 1,000. Like- 
wise, the voting rights (1,000 in all) of 
the consuming member nations are based 
upon the amounts of tin which each con- 
sumes. Thus, each group has an equal 
number of votes in the Council. 


The ITC held four meetings in 1968: 


Dates Place 


7 January 16-18 London, England 

8 April 22-24 La Paz, Bolivia 

9 September 17-19 London, England 
10 December 17-19 London, England 


During the September meeting, votes of 
producing member nations were adjusted 
slightly and agreed to as follows: 


Votes effective 


Producing member country Sept. 17, 1968 


Congo (Kinshasa) 51 
Indonesia 98 
Malaysia lcl cl cll... 450 
Nigeria 70 
Thaitand _ -2-an 152 

Total eee ec eek ee ees 1,000 


In October 1967, Israel joined the 16 
other consuming nation members. Votes of 
the consuming countries were then adjusted 
as follows: | 


Total votes 
Jan. 16 to June 30, 
1968 and to 
Consuming member country June 30, 1969 ! 
Australia 55 
r i eee 12 
Belgium 37 
r cvs o ecc 61 
Czechoslovakia 38 
Denmark... . . aaan 11 
NCC AER 124 
le EE 48 
!! ⁰ 6 
TAV ou ³ h mw ees a ca 71 
Japan... .. .. .. . nn vine 208 
Le io oe IEEE 
Meieog -aaan 19 
Netherlands. 42 
Spain 25 
urkey.__. 14 
Uni Kingdom 220 
KK ul u So ee 1,000 


1 These votes were confirmed at the April 1968 
meeting to be the votes for the full year beginning 
de EE — 

ognized officially during January 1968 meet- 
ing of ITC. d d 
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ITC buffer stock holdings of tin metal 
were as follows: 


As of Long tons 
January 18, 1968_________ 7,165 
arch 31, 1968 8,225 
June 30, 1988989 9,200 
September 18, 1968 11,290 


At its September meeting the ITC noted 
persistent weakness in the tin market which 
had reflected itself in prices and accord- 
ingly, under terms of the agreement, the 
Council declared the imposition of the first 
period of export control in slightly more 
than 10 years. The 104 days from Septem- 
ber 19 to December 31 were designated 
as a period of export control and a total 
export equivalent to 38,000 long tons per 
calendar quarter was established, broken 
down for each producing country as 
follows: 


Tin metal (long tons) 


Calendar 

104 days’ 4th quarter 

Producing country export equivalent 
BoliVig l Sco Qa eM 7,505 6,640 
Congo (Kinshasa)........... 1,994 1,764 
Indonesia 4,040 8,575 
Malaysia- ----------------- 20,255 17 ,920 
Nigeria- 88 2,812 2,488 
Thailand. ................- 6,344 5,613 
Ill! shee we 42,950 88,000 


After consideration of all factors in- 
volved, the Council, at its December meet- 
ing, declared a second period of export 
control for the first calendar quarter of 
1969. Amounts exportable were to be 
equivalent to those for the fourth quarter 
of 1968. These cutbacks amounted to about 
334 to 4 percent on an annual basis of 
152,000 long tons. Tin miners in Thailand 
were reported to have protested the cut- 
backs because of mine closings and un- 
employment. Other small pockets of mild 
protest by miners occurred in Malaysia. 

Other important actions agreed upon by 
the ITC during 1968 included, with minor 
amendments, these tin purchase price 
ranges (in pounds sterling per long ton): 


Lower Middle Upper 
Floor sector sector sector Ceiling 
1,280 1,280 to 1,400to 1,515 to 1,630 
1.400 1,515 1,630 
Also, at the December meeting the 


Council noted with appreciation that the 
Australian Government had decided to 
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introduce export controls upon tin and tin 
concentrate produced in Australia for the 
fourth quarter of 1968 and encouraged 
similar action by Australia in the first 
quarter of 1969. 


Australia.—Tin mining was being car- 
ried out in 1968 by some 25 separate 
companies in six of Australia’s seven States. 
Tasmania led with slightly over 2,000 
long tons of tin metal equivalent produced. 
Queensland and New South Wales were 
not far behind with about 1,500 tons each. 
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Australia’s tin production first exceeded 
her domestic demand in 1966. By 1967 
there was a net export of around 1,000 
tons of tin metal (most of the nation’s 
concentrates are smelted domestically) and 
indications were that there would be an 
exportable surplus by 1969 of around 4,500 
tons, at which level the surplus appeared 
likely to stabilize. In 1968 there were small 
amounts of Australian tin concentrates 
moving to Japan and to a Japanese-con- 
trolled smelter in Malaysia. There were 


Table 16.—World mine production of tin (content of ore), by countries! 


(Long tons) 
Country ? 1964 1965 1966 1967 1968 P 
North America: 

Ch E, TEEN 157 168 817 237 150 
Mees» .. ees r 1,206 508 r 789 588 519 
United States 65 47 97 W 

South America: 
Argentina- 22-222 343 497 458 P 802 NA 
Bl 88 24,319 23, 036 25, 626 26, 890 28,576 
Breser 790 1,810 r 1,599 1,866 e 2,200 
Peru (receoverable). ...------------ 86 4 87 78 94 
Europe: 
Czechoslovakia... r NA r NA 5 148 150 e 155 
EE 486 447 r 421 450 e 475 
Germany, East 1,000 1,000 1,000 1,000 1,000 
Fortuna!!! eee ese 676 557 600 645 ° 650 
SD81 2. ] y CL LLLI. 91 111 r 200 118 118 
BBR ĩ«ĩ ?́“? K uen RR 22, 000 28,000 24,000 25,000 26,000 
United Kingdom 1,226 1,313 1,272 1,475 1,798 
Africa: 
Burundi... uc eh Se LL r LA r 17 r 50 45 98 
Camerooůor nn 40 40 45 50 NA 
Congo (Brazzaville) .-------=- 34 44 48 48 NA 
Congo (Kinshasa) 5,108 6,324 5, 036 4,664 6,470 

oe ee ee Se eee ee eke 14 r 15 r 11 10 19 
i Sake ot ĩ Ä su oe 48 53 r 86 80 102 
Nigeria SE 8,721 9,547 9,854 9,340 9,644 
Rhodesia, Southern 512 510 600 e 600 NA 
Hwandá-..—--.- 8 1,360 1,424 r 885 1,929 1,719 
South Africa, Republic of ___ 1,586 1,671 r 1,745 1,761 * 1,800 
South-West Africa, Territory o 474 416 664 e 720 e 700 
Swaziland. .............--.-.. 2.2... 8 2 1 „ 
Tonsania -aM 287 255 353 841 440 
Upgahdas 222-2 oe i a 217 178 122 111 168 
r 88 8 16 FTF!!! eee 

Asia: 
Burma 5s____.. ĩ⅛·ꝛAA A te eun 916 677 r 377 466 814 
China, mainland 6_____ aaan 25,000 25,000 22 ,000 20,000 20,000 
Indonesia... 16 ,345 14,699 12 ,526 13 ,597 16, 563 
Japan hk hee No ee Sus 796 837 971 1,166 943 
Korea, South... 2.222222 2222222 --------- r2 32 40 44 
)))) ³Ü A EE 336 284 e 340 533 e 500 
Malaysia.. 60,004 63,670 68,886 72,121 75,069 
Fi. 5 ĩ 15,597 19,047 22, 565 22,489 23,678 
Oceania: Australia 3,642 3,849 r 4,807 5,600 6, 628 
%/ô§ö;ö] ͤ= . DEL E Po r 193,457 1 201,115 r 208,071 215,006 226, 624 

e Estimate. P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing 


individual company confidential data. 
! Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 


2 Negligible amounts of tin were also produced in Mozambique and Surinam during 1964-68. 


3 Comibol production plus exports by small and medium mines and smelters. 
4 Estimate, according to the 55th annual issue of Metal Statistics (Metallgesellschaft) through 1967. 


$ Includes tin content of mixed concentrates. 


6 Estimated smelter production. 


7 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 


8 Total is of listed figures only. 
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Table 17.—World smelter production of tin, by countries’ 


(Long tons) 
Country 1964 1965 1966 1967 1968 » 
North America 
EXCO MEETS 1,145 459 795 607 817 
United States: 22.222: 22. .- 5,19 8,098 8,825 3,048 3,453 
South America: 
neee e eaa a 3,610 3,415 1,062 800 * 60 
Brazil. o ]“ me m-B su Sauna er ies 1,731 1,75 r 1,211 1,415 1,251 
Europe: 
Beginn -o 5,458 4,232 r 4,973 4,193 4,799 
Germany: 
East EE 1,200 1,200 1,200 1,200 1,200 
West 8 1,178 1,427 1,362 1,622 1,502 
Netherlands JJͤͤĩÄ?5˙?'19_àℲ 8 15, 858 18,114 12, 552 13,739 7,983 
einne... 8 589 603 556 592 e 630 
DEER ete eo eee t 1,774 1,787 r 1,877 1, 823 2,169 
US See EE 22 ,000 23,000 24,000 25,000 26,000 
in United Kingdom 16,849 16,494 17,499 23,317 24,933 
rica: 
Congo (Kinshasa): 1,485 1,815 2,002 1,815 1,800 
Morocco e aaaauaMMaMaMnMaMMMaMMMiMiMM 10 12 12 12 15 
Nei. ⁵ĩð es bass 8,749 9,321 9,869 9,131 9,778 
Rhodesia, Southern 11 494 e 480 e 600 N 
n South Africa, Republic of.... ........ 1,016 962 822 659 686 
sia: 
China, mainland *..................- 25,000 25,000 22 ,000 20,000 20,000 
Indonesia r 1,363 r 1,189 r 822 1,481 4, 885 
RB Yero Me 1,954 1,610 1,836 1,666 1,888 
Malaesig -2-2-2-2 71,351 72,469 71,045 76,828 88,818 
"Thailand. 3 r 5,548 r 17,062 26,634 24,662 
Oceania: Australia 8,021 8,179 8,640 8,594 8,692 
Totald5. r 191,080 197,181 r 200, 502 219, 276 230,021 
e Estimate. p Preliminary. r Revised. NA Not available. 


! Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 
? Includes tin content of alloys made directly from ores. 
$ ` Imports into the United States of tin concentrates (tin content). 
4 Estimate, according to the 55th annual issue of Metal Statistics (Metallgesellschaft) through 1967. 
s Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
* Including a small amount smelted from imported concentrates. 


' Total is of listed figures only. 


two smelters in the country: M & T. 
Chemicals (Australian) Pty. Ltd. at Sidney 
and the Associated Tin Smelters Pty. Ltd., 
in Alexandria, both in New South Wales. 

Meanwhile, exploration and develop- 
ment work was proceeding at all major 
prospects. Ágain, the hub of activity was 
in Tasmania and offshore in the Bass 
Straits between Tasmania and New South 
Wales. This latter project was being under- 
taken by Ocean Mining A.G., an explora- 
tion affiliate of Ocean Science and Engi- 
neering Inc. and the Anglo American 
Group. 

Full operational status of the Mount 
Cleveland mine at Luina, in northwestern 
Tasmania, was achieved about mid-1968. 
This entire project was under operational 
responsibility of Aberfoyle Tin N.L. and 
was expected to produce 250,000 tons of 
tin and copper ore per year for at least 
9 years and probably a great many more. 
A treatment plant and a mine community 


were also ready. Estimated capital outlay 
to bring the mine to production was around 
$9.14 (A$8.6) million. Tin concentrates 
were slated to go to the Sydney smelters. 
Development of the newest Mount Cleve- 
land ore bodies, part of a long-known and 
several-times-worked deposit, was said to 
be traceable to the firm tin prices of the 
early 1960's. 

There was vigorous development activity 
beyond the confines of Tasmania, in 
northern Queensland around Irvine Bank; 
in Victoria at the Walwa tinbearing areas; 
at Gibsonvale, New South Wales; and in 
Western Australia near Perth. 


Bolivia.—The tin dredging operation of 
the Estalsa consortium, of which W. R. 
Grace & Co. is a member, was declared 
a technical and financial success in 1968. 
Located on the Bolivian antiplano about 
150 miles south of La Paz at an elevation 
of 13,000 feet, the operation is the only 
tin-dredging project in the Western Hemis- 
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phere. The 2,500 ton Uba dredge, which 
once dredged gold near Hammonton, Calif., 
was dismantled and moved in component 
pieces by ship and rail to its present remote 
site. It operates in the alluvial deposits 
emerging from the canyon of the Avicaya 
River, and also in the water sorted glacial 
moraine of an adjacent hillside. After 
considerable modification and adaption 
work, the dredge now works deposits 
buried under coarse gravels which were 
previously inaccessible. Its 14-cubic-foot 
buckets will dig as deep as 110 feet below 
the surface of the riverbed. The unit can 
handle 15,000 tons of raw gravel per day. 

Work proceeded on schedule at the 
Empresa Nacional de Fundiciones (ENAF) 
smelter and refinery site near Oruro during 
1968. The West German Kloeckner group 
were delivering the metal structures and 
machinery and all indications persisted that 
the first stage of the smelter would prob- 
ably be operable toward the end of 1969. 
Eventually, annual output of 20,000 metric 
tons of high-grade tin metal is planned, 
but at the outset, about 7,500 tons per year 
will be produced. | 

Lower world prices for tin during 1968 
created need for Corporacion Minera de 
Bolivia (COMIBOL), Bolivia’s national 
mining company, to seek cost savings 
through greater efficiency and in diversifi- 
cation from tin. Increased production of 
silver appeared to be one alternative. The 
company studied new technologies permit- 
ting more profitable use of Bolivia’s pre- 
dominately low-grade tin ores, and set out 
to initiate as many process improvements 
as possible. Other savings were under addi- 
tional study, such as that performed for 
COMIBOL by the English firm of Head 
Wrightson Process Engineering, Ltd. This 
engineering feasibility and design study 
was expected to propose a plant to further 
beneficiate tin from existing Bolivian con- 
centrators. Increased tin recovery would be 
achieved, under the proposal, by mechani- 
cal, chemical, and pyrometallurgical proc- 
esses. High-grade tin concentrate, sulfuric 
acid, metallic silver, bismuth, and copper 
would thus be produced. 

During the summer, a plant to recover 
tin from tailings at Bolivia’s big Catavi 
mine went into operation. The plant has 
capacity to process 9,500 long tons of mine 
waste per day from which about 95 long 
tons of tin per month would be recovered. 
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Congo (Kinshasa).—Compagnie Geolo- 
gique Minere des Ingenieurs et Industries 
Belges, Societe Anonyme (GEOMINES) 
was transformed, during 1967-68, into a 
new company under Congolese law. The 
new firm, Congo Etain, is owned 50-50 
by GEOMINES and the State. GEO- 
MINES has no mining function in the new 
entity but manages the technical, adminis- 
trative, and marketing phases of Congo 
Etain. The company produced 2,400 long 
tons of cassiterite in the year ending June 
30, 1968 and employed about 3,300 persons. 


Indonesia.—Government efforts to re- 
establish Indonesia as a major world tin 
producer apparently met with some success. 
The opening of onshore and offshore areas 
to exploration and development, plus other 
attractive provisions, brought many com- 
panies and groups into the competition. 
In early July it was announced that Indo- 
nesia and N.V. Billiton Maatschappij of 
the Netherlands had signed a 40-year agree- 


ment for tin exploration and exploitation 


in offshore areas of Indonesia's Continental 
Shelf nearly as large as the Netherlands. 
One of the areas is near Sumatra between 
the islands of Singkep and Bangka and the 
other is off the southwest coast of Kali- 
mantan. With this contract, Billiton returns 
to the country in which it began, bringing 
with it nearly a century of experience with 
tin extraction both in Indonesia and at sea. 

Other companies negotiating for tin 
exploitation concessions, onshore and/or 
offshore in 1968, were the Rio Tinto Zinc 
Corp. of Great Britain, Bethlehem Steel 
Corp. of the United States, Simons-Lobnitz, 
Ltd., of Glasgow and a consortium, Ocean 
Science and Engineering (Swiss-based), 
Mary Kathleen Investments of Australia, 
and Amerada, Dillingham, and Signal Oil, 
all of the United States. Overseas Mineral 
Resources Development of Japan, Kenne- 
cott Copper Corp. of the United States, 
Placer Development (headquartered in 
Vancouver, British Columbia, Canada) also 
were actively negotiating. 

Indonesia’s first tin smelter, on the island 
of Bangka, experienced startup and shake- 
down problems during the year but solu- 
tions promised expanding output. Mean- 
while, concentrates were going to Penang 
for smelting at the Straits Trading Works 
in Butterworth. 


Malaysia.—At yearend 1968, there were 
1,100 Malaysian tin mines in active produc- 
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tion (1,072 at yearend 1967). Softening 
tin prices and gradual lowering of the 
values of ore being mined and dredged 
indicated a need in 1968 for strengthening 
the price picture and development of new 
tin reserves. Some sources called Malaysia’s 
tin deposits "depleted," despite her world 
production leadership. To gain new reserves 
of tin, which creates about 25 percent of 
Malaysia’s income, onshore Malaysian 
areas were opened to prospecting, and 
offshore prospecting, particularly in the 
Straits of Malacca, off Malaysia’s western 
coasts, was particularly encouraged. 

Under the export controls formulated 
by the ITC in September, Malaysia’s ex- 
ports were to equal those prevailing in 
1967 and while there was likelihood that 
some marginal mines would close, the 
Malayan tin mining industry generally 
favored the move. The Malaysian Govern- 
ment formed a tin pool under which those 
mines unable to fill their production quotas 
surrendered their allowable balance to 
those mines which could produce in excess 
of their own quota allocations. In this way, 
it was argued, Malaysia would be able to 
export the maximum allowed under the 
restriction. Renewal of the scheme for 
first quarter 1969 also met with general 
approval. 

Efforts by Malaysian state and central 
governments to achieve momentum in the 
exploration for and development of offshore 
tin reserves were protracted by legal and 
negotiation maneuvering during 1968. A 
total of 15 mining companies, three of 
which were foreign, had applied for the 
offshore prospecting rights. In April the 
Malaysian Government officially announced 
that three foreign companies had been 
granted 12-mile seaward prospecting rights: 
Ocean Mining Company (Swiss registered 
—owned by De Beers Corp. of London and 
Ocean Science and Engineering, Inc., of 
Washington, D.C.), off the States of Kedah 
and Perlis; Conzinc Riotinto Malaysia Ltd. 
(joint venture of local interests with 
Riotinto Finance & Exploration Ltd., 
London with a subsidiary of Bethlehem 
Steel Corp. of the U.S.), off the States of 
Penang, Perak, and Selangor; and the 
Billiton Company (Dutch), off the States 
of Negri Sembilan, Malacca, and Johore. 
Another site off the east coast opposite the 
State of Trengganau was also under con- 
sideration. By yearend the Malaysian Gov- 


ernment was assembling a negotiating team 
to finalize the arrangements, but delays had 
developed because of a law permitting 
each state government to grant onshore 
prospecting licenses. This had created dif- 
ferences of opinion between the state and 
central governments on the general policy 
of joint ventures and how such schemes 
should proceed. At least one local company 
was, however, reportedly prospecting for 
tin off Malacca by mid-1968. 

Several new onshore mines, operated 
either by individual companies or by the 
state mining entities, got into operation 
during the year. 

Malaysia signed trade agreements during 
1968 with Bulgaria and with the Soviet 
Union. Officials explained that such agree- 
ments would permit both countries to deal 
directly with Malaysia instead of through 
Singapore as in the past. Among the com- 
modities to be sent to the Eastern Europe 
nations was tin. Manufactured goods would 
make the reverse journey. Trade agree- 
ments were also under negotiation between 
Malaysia and Yugoslavia, Rumania, and 
Hungary. 

Illegal offshore mining in Malacca Straits 
west of the Malaya Peninsula from con- 
verted fishing vessels was of sufficient mag- 
nitude that rewards were offered by the 
Government for apprehension of the illegal 
operators. Apparently these operations in- 
creased after imposition in September of 
export controls. It was reported in Decem- 
ber that the Sultan of Perak had led a 
police sortie on a number of the converted 
fishing vessels; damaged, seized, or sank 
seven out of the 27 observed; and destroyed 
their shore base. Each vessel was said to be 
capable of recovering around 700 pounds 
of cassiterite on a 24-hour operation. 


Nigeria.—Cassiterite mining and the 
Markeri tin smelter, which treats the entire 
output of Nigerian tin concentrates are 
both somewhat removed from the scene of 
Nigeria's civil conflict. Accordingly, the 
nation has managed to maintain its tin 
output, but the obstacles have been numer- 
ous. Labor and staff shortages, transporta- 
tion upheavals, increasing costs, higher 
taxes, price weaknesses and nondevaluation 
of the Nigerian pound all conspired to 
strain the industry’s vigor. Some relief 
from Government royalty charges came in 
July 1968, when the royalty on tin metal 
was reduced $84.00 per ton of cassiterite, 
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but mining companies appeared unanimous 
in their opinion that this cut was not deep 
enough to assure much expansion in pro- 
duction. The Federal Ministry of Mines 
and Power made loans available to small 
tin producers for the purchase of equip- 
ment in order to help step up their out- 
put. The export controls imposed by the 
International Tin Council did not have 
serious repercussions on Nigeria’s tin output. 


Thailand.—The Government of Thai- 
land, in 1968, expressed eagerness to assist 
those interested in investment opportunities. 
Tin, the most important mineral produced 
in Thailand, is the second most important 
export commodity (after rice). Thus, tin 
mining and smelting seemed certain to 
benefit from the favorable development 
policy. Tin concentrate production showed 
a gentle upward climb during 1968 as 
several new mines and new types of equip- 
ment went into operation. 

Smelting at the Phuket plant of the 
Thailand Smelting & Refining Co., Ltd. 
(THAISARCO) was keeping closer pace 
with actual mine production in 1968 than 
had been true in the previous year. The 
plant was geared to smelt all of Thailand’s 
tin production for the foreseeable future. 
Some 92 percent of Thai tin is found in 
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the south. Most deposits are alluvial with 
an occasional lode being worked; gravel 
pumping or dredging are the most common 
forms used for winning the ore. Offshore 
deposits also began to prove attractive 
although Thailand’s unprotected waters 
and deep offshore tin deposits created 
problems for the tin dredges, some of which 
were still unsolved. 


United Kingdom.—In addition to on- 
going new mining operations in Cornwall, 
which had been in progress for several 
years by 1968, there were a number of 
ventures which were successfully recovering 
tin from old tailings dumps, and from 
tailings streams. In most of the tailings 
operations there were 2 to 4 pounds of 
tin to be extracted for each ton of tailings 
handled. Elsewhere, one marine dredge 
was running-in before beginning commer- 
cial operation. 

Meanwhile, a research program at the 
University of Bristol, supported by a Sci- 
ence Research Council grant of $34,000, 
sought further improvement in the extrac- 
tion of tin from its ores. Sale of devices 
developed would be worldwide as well as 
to the domestic mining industry. The same 
group had made a number of important 
contributions to the recovery of tin from 
tailings. 


TECHNOLOGY 


Discovery of new tin ore reserves in 
pockets in limestone bedrock which some- 
times underlie known but nearly exhausted 
alluvial tin deposits in Malaysia has brought 
forth a new method of mining in the area. 
At old hydraulic mines, rather than move 
blasted and broken limestone bedrock via 
crawler-mounted equipment to a point 
where it can be crushed, Malaysian opera- 
tors turned to pneumatic-tired front-end 
loaders. Working in water-borne shot rock 
proved very tough on crawling vehicle 
undercarriages. Rubbertired loaders helped 
to keep operating costs within manageable 
bounds and were more agile and could 
handle the broken rock or tin-bearing tail- 
ings material much faster. They also were 
used to move barren rock, build roadways, 
etc. 

Proceedings of, and all 26 papers pre- 
sented at the First Technical Conference on 
Tin, sponsored by the International Tin 


Council and held in London in March 
1967, were published.“ The conference con- 
sidered geological, mineralogical, technical, 
and administrative problems which might 
handicap tin production. 

Promising possibilities exist for seekers 
of tin, beryllium, and tungsten in the Lake 
George Area of south-central Colorado, 
according to a report published in October 
1968, by the U.S. Geological Survey. Basis 
for this report were studies of the geologic 
setting of the region plus geochemical 
samples which indicated further prospect- 
ing was warranted." 


3 Engineering and Mining Journal Tin Re- 
serves of the Malay Penninsula May be Much 
Larger Than Expected, v. 169, No. 11, November 
1968, p. 116. 

International Tin Couneil (London). A Tech- 
nical Conference on Tin, 1967. 1968; v. 1. 349 
pp.: v. 2, 299 pp. 

5 Hawley, C. C., and w. R. Grifñtts. Distribu- 
tion of Beryllium, Tin and Tungsten in the 
Lake George Area, Colorado. U.S. Geol. Survey 
Cire. 597, 1968, 18 pp. 


TIN 


The use of molten tin as a float bath for 
making large, exceptionally smooth plates 
of glass continued to meet with favor in 
the United States, and in 1968 the Libbey- 
Owens-Ford Glass Company (L-O-F) an- 
nounced construction of its fourth float- 
glass facility, to cost $19 million, at a site 
already used by L-O-F at Ottawa, Ill. 
Much of this type of plate glass goes to 
the automobile industry, and a number 
of companies use the process. Float glass 
is made by pouring, or floating, molten 
glass across the top of a molten tin bath. 
The glass thus made is very flat and very 
smooth, requiring little additional polishing. 
Tin baths use large amounts of tin at the 
outset, but consumption of tin, once in 
operation, is limited to small process losses. 

Tin-based chemicals are finding widen- 
ing applications each year. A subsidiary 
of American Can Co. developed BIOMET- 
12, a tin-based organic chemical compound 
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which, when sprayed upon pipes, cables, 
wood, paper, or plastics drives gnawing 
rodents away. The savings to the electric 
power and communications industries alone 
reportedly could be very sizable. Tin use 
as a plating over aluminum was described, 
and its use as an organotin-based paint for 
antifouling purposes on aluminum hulled 
boats was discussed." Organotins combined 
with rubber provide antifouling protection 
for 5 years in tropical waters when applied 
to underwater surfaces of buoys, pilings, 
and ship hulls.’ 

$ American Metal Market, Tin Base Liquid 
5 Rodents. V. 75, No. 209, Oct. 29, 1968, 
pp. 1-2. I 

7 American Metal Market, New Process for 
Plating Tin on Aluminum Developed. V. 
No. 95, May 16, 1968, p. 24. 

8 The Tin Research Institute (Middlesex, Eng- 
land). Organotin Paint for Boats. Ch. in Tin 
and Its Uses, Bull. 78, 1968, p. 4 


® Bulletin of the Malayan Tin Bureau (Wash- 
ington, D.C.). March 1968, pp. 6. 
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Titanium 


By John G. Parker! 


World production of titanium concen- 
trates increased in 1968. U.S. production 
of ilmenite concentrate increased 5 percent 
but U.S. imports of Australian ilmenite 
sagged considerably. Rutile from Australia 
and titanium slag from Canada increased 
but rutile imports from Sierra Leone were 
much lower than in the previous year. 
Imports of titanium sponge and waste and 
scrap were more than 50 percent lower 
but those of the oxide were 14 percent 
higher than in 1967. 


A slowdown in aerospace programs, a 
strike at a reduction plant, and large in- 
ventories led to lower metal sponge produc- 
tion and consumption. 

Titanium pigment production and con- 
sumption increased significantly; a new 
producing plant went on stream, and 
expansion of current operations was an- 
nounced. 


Legislation and Government Programs.— 
There were no sales of titanium sponge 
metal by General Services Administration 
(GSA) from the Defense Production Act 
(DPA) inventories. The stockpile objec- 
tives for rutile and titanium sponge metal 
remained at 200,000 tons and 37,500 tons, 
respectively. The Government inventory 
of rutile at the end of 1968 was 50,297 
tons, having risen over 3,000 tons from 


the previous year due to delivery of 
Australian rutile. 

Government exploration assistance for 
rutile, available through the Office of 
Minerals Exploration, U.S. Geological Sur- 
vey, remained at 75 percent of the ap- 
proved costs of exploration. 

The Department of the Interior, acting 
under authorization by the Office of Emer- 
gency Preparedness (OEP), continued its 
investigation of potential sources of domes- 
tic rutile as well as encouraging and 
expediting production and use of sub- 
stitute domestic and other North American 
titaniferous ores. The role of the Bureau 
of Mines in this program was to examine 
the technology and economic factors in- 
volved in producing and using alternate 
titaniferous materials instead of rutile in 
strategic applications. 

Acting on advice that Soviet titanium 
sponge was being, or was likely to be, sold 
in the United States at less than fair value, 
on April 24 the U.S. Tariff Commission, 
under section 201(a) of the Antidumping 
Act, 1921, as amended, began investigating 
the possible injury to the U.S. industry of 
such importations. On June 4 and 5, public 
hearings were held, and on July 23, the 
Commission gave an affirmative ruling on 


the dumping charge. 


1 Physical scientist, Division of Mineral Studies. 
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Table 1.—Salient titanium statistics 


1964 1965 1966 1967 1968 
United States: 
Iimenite concentrate: 
Mine shipments. ....... short tons.. 1,003,997 948,832 868,436 882,414 960,118 
Value. ² A Desc thousands. . 9,178 $18,058 $17,608 $18,519 $19,484 
Imports short tons 173,219 166,315 186,539 207,906 246,109 
Consumption. .............- do.... 980,426 923,304 962,706 919,206 959,558 
Titanium alae: Consumption do 128, 208 148, 184 132, 233 122,926 142,168 
Rutile concentrate: 
Mine shipments............. do.... 10,547 W W W W 
Value thousands 31,016 W W W W 
Imports short tons 110,981 151,748 151,482 167,100 174,366 
Consumption do 9,446 117,376 135,883 153,457 160, 278 
Sponge metal: 
8 E Consumption dud do.... 2,039 9,134 5, 225 7,144 3,448 
Consum ee 0...- 11,181 12,105 19,677 20,062 14,287 
Price dessa 31 per pound...... $1.32 $1.32 $1.32 $1.32 $1.82 
World: Production: 
Ilmenite concentrate short tons 2,589,898 2,705,425 2,886,987 8,018,748 38,216,063 
Rutile concentrate do.... 214,755 245,259 275,198 


837,067 356 M 


W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


Concentrates.—Output of ilmenite con- 
centrate rose 5 percent in 1968. Producers 
of the concentrate were E. I. du Pont de 
Nemours & Co., Inc., Starke and Highland, 
Fla.; Humphreys Mining Co., Folkston, 
Ga.; SCM Corporation, Glidden-Durkee 
Division, Lakehurst, N.J.; National Lead 
Co., Tahawus, N.Y.; American Cyanamid 
Co., Piney River, Va.; and M&T Chemi- 
cals, Inc., Hanover County, Va. 

Rutile was produced solely by M&T 
Chemicals at its mine in Hanover County, 
but output was less than half of what it 
was in 1967. 


Metal. 
by three companies was 25 percent lower 
than in 1967 because of a strike in the last 
quarter at the reduction plant of Reactive 
Metals, Inc., and to decreased demand. 
The sponge producing firms were Titanium 
Metals Corporation of America (TMCA), 
Henderson, Nev., owned by National Lead 
Co., and Allegheny Ludlum Steel Corp.; 
Reactive Metals, Inc., Ashtabula, Ohio, 
owned by National Distillers & Chemical 
Corp. and United States Steel Corp.; and 
Oregon Metallurgical Corp., Albany, Oreg., 
partly owned by Armco Steel Corp. and 
Ladish Co. The capacity of all three firms 
was about 20,000 tons of sponge per year. 

Titanium ingot, production of which 
dropped 26 percent, was made from sponge 
metal and alloys by Crucible Steel Com- 
pany of America, Midland, Pa.; Harvey 
Aluminum, Inc., Torrance, Calif.; Oregon 


Metallurgical Corp.; Reactive Metals, Inc., 
Niles, Ohio; TMCA; and Teledyne Tita- 
nium, Inc., a subsidiary of Teledyne, Inc.. 
with a new plant in Monroe, N.C. 

Oregon Metallurgical Corp. raised its 
ingot melting capacity to 6,500 tons an- 
nually with facilities which included a new 
melting furnace able to produce 5-ton, 
30-inch-diameter ingots. Eventually, by 
the second half of 1969, the furnace will 
be able to accommodate 10-ton, 36-inch- 
diameter ingots. Titanium Technology 
Corp. (TiTech), a joint undertaking of 
Carpenter Steel Co. and Electronic Spe- 
cialty Co., announced the start of con- 
struction of a new, 250-ton-per-year tita- 
nium and titanium alloy casting foundry 
at Pomona, Calif., scheduled to begin 
operating in spring 1969. Subsequently, 
Carpenter Steel indicated it would adapt 
some of its steel melting vacuum furnaces 
at Reading, Pa., to handle titanium. In 
August, TiLine, Inc., Albany, Oreg., began 
casting solid titanium and titanium linings 
for castings of other metals. 


Pigment.—The gross weight of titanium 
dioxide (TiO) pigment produced domesti- 
cally was 6 percent greater than that of 
1967, with the average TiO» content of 
the rutile-, anatase-, and composite-type 
pigments being slightly higher than in the 
previous year. Rutile-type pigment, pro- 
duced by all eight pigment companies, 
again was about 50 percent of the total 
on a TiOg content basis. Most of the 
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remainder was anatase-type pigment, pro- 
duced by 6 companies, and composite-type, 
produced by one company. 


The following companies produced tita- 
nium pigments; American Cyanamid Co., 
Piney River, Va., and Savannah, Ga.; 
American Potash & Chemical Corp., a 
subsidiary of Kerr McGee Corp., Hamilton, 
Miss.; Cabot Titania, Inc., a wholly-owned 
subsidiary of Cabot Corp., Ashtabula, Ohio; 
E. I. du Pont de Nemours & Co., Inc., 
Edge Moor, Del., Baltimore, Md., Antioch, 
Calif., and New Johnsonville, Tenn.; 
National Lead Co., St. Louis, Mo., and 
Sayreville, N.J.; The New Jersey Zinc Co., 
a part of Gulf & Western Industries, 
Gloucester, N.J.; PPG Industries, Inc., 
with a new chloride processing unit, 
Natrium, W. Va.; and SCM, Glidden- 
Durkee Division, Baltimore, Md. 
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American Cyanamid’s chloride process 
TiOe facility at Savannah, Ga., placed on 
standby in the fall of 1967, was to be 
expanded and modified, using patented 
techniques licensed from American Potash. 
Startup was expected in 1970. Also using 
the same patented techniques, SCM, 
Glidden-Durkee Division, decided to ex- 
pand its operation at Baltimore 50 percent 
by building a highly automated, $20 mil- 
lion chloride-process plant. 


Welding Rod Coating.—A total of 272,- 
000 tons of welding rods, containing titanif- 
erous materials in their coatings, was 
produced. Of the total output 46 percent 
contained rutile; 15 percent, ilmenite; 27 
percent, a mixture of rutile and manu- 
factured titanium dioxide; 8 percent, manu- 
factured titanium dioxide; and 4 percent, 
miscellaneous mixtures and titanium slag. 


Table 2.—Production and mine shipments of titanium concentrates 
from domestic ores in the United States 


Shipments 
Production 
short tons Short tons Short tons Value 
(gross weight) (gross weight) TiO: content (thousands) 

Ilmenite:! 

KL :» re oh 1,001,132 1,003,997 526,642 $19,178 

1900. z o. seco ee ep bs 69,459 48,832 494,353 18,058 

ö ³ĩ e EEE 965,378 868,436 451,132 17,608 

1901.52: 935,091 882,414 463,286 18,519 

ö 5·ð w. ⁰⁰y y ATN 978, 509 960,118 506,260 19,484 
Rutile: 

964 SIDE . ³¹ VA EROS OR DD 8,062 10, 547 10,112 1,016 
1965-68833. W W W W 
W Withheld to avoid disclosing Individual company confidential data. 
1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
Table 3.—Titanium—metal data 
(Short tons) 
1964 1965 1966 1967 1968 

Sponge metal: 

Imports for consumption... . r 2,039 3,134 r 5,225 r 7,144 3,443 

Industry stockkkk „ 800 900 800 2, 900 2, 600 

Government stocks (DPA in ventor ie) 22, 254 22,389 21.416 20,711 20,711 

Consumption 11, 131 12, 105 19,677 20,062 14,237 
Scrap meta) consumption 87 KI , 85 , 82 „701 

ngot: 

Produetioos se seuss 13 ,964 15,294 24,253 25,960 19,234 

Consumption - - ---------------------------- 13,501 14,694 22,317 25,386 18,323 
Mill shape production ?........................- , 708 9,358 13,996 7 18,634 11,900 


r Revised. 
1 Includes alloy constituents. 


? Bureau of the Census and Business and Defense Services Administration, Current Industrial Reports 
Series BDSAF-263. Net shipments derived by subtracting the sum of producers' receipts of each mill shape 
from the industry's gross shipments of that shape. Data not comparable for years before 1962. 
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Table 4.—Titanium pigment data 
(TiO content) 


Shipments ! 
Year Production 
(short tons) Quantity Value, f.o.b. 
(short tons) (thousands) 


1964... 558, 536 549,829 $288,031 
1965... 576,700 578,091 r 298,868 
1966... 594,486 598 , 988 808 , 902 
1967... * 589,449 582 ,825 297, 288 
1968... P 626,807 NA NA 


P Preliminary. 1 Revised. NA Not available. 
1 Includes interplant transfers. 


Source: Bureau of the Census. 


CONSUMPTION AND USES 


Concentrates. Consumption of rutile in 
1968 increased 4 percent over that of 1967 
and that of ilmenite and titanium slag rose 
4 and 16 percent, respectively. 


Metal.—Shipments of titanium mill prod- 
ucts, a gage of metal demand, were 13 
percent less than in 1967, and consumption 


of sponge metal was 29 percent less than 


in the previous year. Also, scrap metal 
consumption was lower than in any year 
since 1965. All this reflected a decrease 
in use of the materials in governmental and 
commercial aerospace programs, mainly in 
the delay of the C5A cargo plane and 
plans for the SST (supersonic transport). 
A large domestic producer of titanium 
metal estimated the end-use distribution of 
titanium mill products as follows: 


Consumption, percent 


1966 1967 1968 


Jet engines................ 47 54 54 
Airframes................ — 28 85 83 
Space and missiles. ........ 15 6 8 
onaerospace............. 10 5 5 
Total 100 100 100 


Other countries, including the United 
Kingdom and the U. S. S. R., had an interest 
in titanium usage in aerospace applica- 
tions. Over 6,000 pounds of titanium mill 
products were said to be used in a British 
aircraft motor, the Rolls Royce RB 211 
engine, and titanium was said to be used 
in the powerplant and structure of a Soviet 
supersonic transport. 


Also, because of its corrosion resistance, 
titanium received increased application in 
chemical processing equipment. For ex- 
ample, 5 years’ usage as a replacement for 
cast iron in ammonia-recovery still tubes 
at an Ohio soda-ash plant has shown that 
their trouble-free long life is more than 
enough to pay for the cost differential 
over cast iron tubes.“ At an electrolytic 
chlorine plant in Niagara Falls, N.Y., tita- 
nium tubes have been used in an acid-brine 
cooler since 1965 in place of impregnated 
graphite tubes, and in a urea manufactur- 
ing plant in Niagara Falls, Ontario, 
Canada, titanium was used to line reactors. 
Seamless titanium tubing in heat ex- 
changers and evaporators in a St. Croix, 
Virgin Islands, desalination plant were 
expected to last 30 years without replace- 
ment.* 

A titanium alloy with 6 percent alumi- 
num and 4 percent vanadium, said to be 
the same alloy which will be used in the 
SST, was used in lightweight steam-turbine 
blades which resisted corrosion and boosted 
the turbine's horsepower output by 30 
percent. The U.S. Army announced it was 
testing titanium alloy helmets in Vietnam 
which weighed 34 to 11⁄2 pounds less than 
the conventional manganese steel alloy 
helmet. 


Compounds.—Titanium diboride is ex- 
tremely resistant to corrosive attack by 
molten aluminum when used in pumps 


2McCallion, John. Titanium Sheds Exotic“ 
label. Chemical Processing, v. 32, No. 3, March 
1968, pp. 19-21. | 

3 Light Metal Age. Titanium in Seawater 
SE V. 26, Nos. 5-6, June 1968, pp. 
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employed in hot-chamber die casting. Pigments. of titanium 
Tough titanium carbide cutting inserts, pigment in 1968 on a gross weight basis 
with high edge wear and crater resistance, and using shipments as a gage was / 
increase the life of tools used to semifinish, percent more than that in 1967. 

finish, and precision machine steel and 

alloy steels. 


Table 5.—Consumption of titanium concentrates in the United States, by prod: ts 
(Short tons) 


Ilmenite ! Titanium slag Rutile 
Year and product Gross Estimated Gross Estimated Gross Estimated 
weight TiO» weight TiO» weight TiO: 
content content content 
1964........-.-.---.----------- 980,426 511,053 128,208 91,868 79,446 76,828 
196. ec 923,304 483,002 148,184 105,483 117,376 118,017 
1906... naa L u us 962,706 507,879 132,283 93,683 135,883 130,191 
1967: 
Pigments. 916,398 486,739 122,926 86,945 96,401 92,795 
Titanium metals «22422645. ² Tr 2 2) 
Welding-rod coatings. .... (2) (2) (3) (3) 21,190 20,139 
Alloys and carbide --- 2,414 1,265 (3) (3) 737 697 
Ceramics................ (2) CJ! ³˙ A uU (4) (4) 
Glass Der. o suyu ee eles eee, hoes SASS 2 2 
Miscellaneous. 394 7% Ee, Ee 85,129 38 , 527 
Dl! an 919, 206 488,236 122,926 86,945 153,457 147,158 
1968: 
Pigments 957,114 509, 013 142,168 100,591 112,856 108,544 
Titanium metal... ð m ⁰ mm d mt 8 (2) 2 
Welding-rod coatings (2) e ` Sirisa: Be eer ree 21,414 20,409 
Alloys and carbide - 2,097 1,133 (3) (3) 728 659 
eramics...............- (?) (D. ' anms. (4) (4) 
r ß ß e idee E sasa (2 (?) 
Miscellaneous 347 7ö·Ü usss 25, 275 23,988 
Total. 2 ce docec = 959,558 510,353 142,168 100,591 160,273 153,600 


1 Includes a mixed product containing rutile, leucoxene and altered ilmenite. 

2 Included with “Miscellaneous” to avoid anang Sy eel individual company confidential data. 

5 Included with “Pigments” to avoid disclosing ind ual company confidential data. 

4 Included with “Alloys and carbide" to avoi Gite individual company confidential data. 


Table 6.—Distribution of titanium-pigment shipments, by industries 
(Percent) 


Industry 1964 1965 1966 1967 1968 


Distribution by "gross weight: 
Paints, varnishes, and lacquers...................- 


m Q> 
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Coated fabrics and textiles (oil cloth, shade cloth, 
artificial leather, etc.) .........................- 
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Distribution by titanium dioxide content: 
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STOCKS 


Industry stocks of rutile increased 17 
percent to 218,500 tons, equivalent to about 
one and a third year’s supply at the 1968 
consumption rate. Ilmenite inventories rose 
9 percent but stocks of titanium slag de- 
creased 8 percent. Yearend stocks of sponge 
metal owned by producers, melters, and 
semifabricators were 2,620 tons, 8 percent 


less than in the previous year. Metal scrap 
held by melters and semifabricators was 
4,434 tons compared with 4,894 tons at 
the end of 1967. Stocks of composite and 
pure TiO» held by producers were 9 per- 
cent less than the previous year—94,252 
tons compared with 103,290 tons. 


Table 7.—Stocks of titanium concentrates in the United States, Dec. 31 


(Short tons) 


Ilmenite Titanium slag Rutile ` 
Year and stock Gross TiO: Gross TiO: Gross T10: 
welght content weight content weight content 
estimated es ted estimated 
1967: 
Mine. ee e (1) CCC (1 1) 
Distributor.............- r 195,040 r 119,240 (2) (2) r 12,145 r 11,635 
Consumer 660,712 * 363,761 130,389 92,310 r 174,135 r 167,826 
Fell! 8 r 855,752 * 488,001 130,389 92,310 *186,280 r 178,961 
1968: 
e () P () (3) 
Distributor.............. 213,410 /// AA aaa nedia 17,142 16,454 
Consumer 682, 000 373, 350 119,746 84,748 201,375 193,388 
Po! tai 895, 410 506, 424 119, 746 84,748 218,517 209,842 


r Revised. 
1 Included with “Distributor” to avoid disclosing individual company confidential data. 
2 Included with “Consumer” to avoid disclosing individual company confidential data. 


PRICES 


Concentrates.—At yearend, imported il- 
menite (54 percent TiO), Lob Atlantic 
ports, was quoted in Metals Week at $20 
to $21 per long ton of contained TiO», $1 
to $3 per ton less than at yearend 1967. 
Contrarily, rutile (96 percent TiO) rose 
$2 to $4 to $121 to $125 per short ton of 
contained TiO», Lob cars Atlantic ports. 
According to Metals Week bulk sales often 
were made at $100 per ton but some sales 
were as high as $130 per long ton.* The 
quoted price for domestic ilmenite, (60 
percent TiO) Lob Florida, ranged from 
$30 to $35 per short ton, but Canadian 
titanium slag (70 percent TiO) remained 
at $43 per long ton. 


Manufactured Titanium Dioxide.—The 
base prices of anatase grades of manu- 
factured titanium dioxide pigment and 
calcium-rutile base titanium pigments were 
unchanged from 1967. Anatase titanium 
dioxide of paper grade, however, was 3.5 


cents per pound less than other anatase 
grade oxides. Rutile grade oxide pigment 
increased 1 cent per pound. At yearend 
the following prices were quoted in Oil, 
Paint and Drug Reporter. 


Price per 
pound 
Anatase, chalk-resistant, regular and 
ceramic: 
Carlots, delivered 30. 255 
Less than carlots, delivered 265 
Rut ile, nonchalking, bags: 
Carlots, 20 tons, delivered, East. 285 
Less than carlots, delivered East. 295 
Titanium pigment, caleium-rutile 
base: 
80 percent TiO», bags: 
Carlots, 20 tons, delivered. .09375 
Less than carlots, delivered. . 09875 
50 percent TiO», bags: 
Carlots, 20 tons, delivered. . 14375 
Less than carlots, delivered. 14875 


4 Metals Week. Upgraded ilmenite: Will it be 
tomorrow’s source of titanium metal? V. 89, 
No. 53, Dec. 30, 1968, pp. 12-14. 
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Metal.—Prices for various grades of 
titanium sponge of domestic, British, and 
Japanese origin (99.3 percent maximum 
titanium; Brinell hardness number 115 
maximum) were quoted in Metals Week 
at yearend as follows: 


Price per 
pou 
Domestic titanium sponge $1.32 
Japanese and British titanium 
sponge... .... . . . . . . . .. . m LT $1.20-$1.25 


Until the middle of August, when quota- 
tions were discontinued on Soviet titanium 
sponge, Metals Week quoted prices on this 


FOREIGN 


Titanium dioxide exports to 58 coun- 
tries, mostly to Canada (50 percent) and 
to South Korea and the Philippines (about 
10 percent each), increased 17 percent to 
30,188 tons valued at $8,226,779. The 
quantity of ores and concentrates exported 
to six countries increased 40 percent; the 
unit value increased almost $10 per ton. 
Canada received 75 percent by weight of 
the ore exports, but the unit values of the 
shipments to Canada were much lower 
than exports to any of the other nations. 
Although exports of unwrought metal and 
alloy, waste and scrap to 13 countries 
(80 percent to Canada) increased over 
90 percent, there was a 47-percent de- 
crease in unit value. On the other hand, 
there was a 32-percent decrease in exports 
of combined intermediate titanium mill 
shapes and wrought metal and alloys as 
well as a 16-percent decrease in unit 
value. Canada again received most (83 
percent) of the shipments of intermediate 
mill shapes to 20 foreign countries, but 
only 49 percent of shipments of wrought 
titanium and alloys sent to 31 countries. 

Imports of ilmenite from Australia de- 
creased considerably, but those of titanif- 
erous concentrates, mostly slag, from 
Canada increased 36 percent while their 
unit value decreased by 24 percent. 


1095 


material ranging from $0.97 to $1.10 per 
pound for 99.6 percent pure metal in 100- 
to 500-pound lots. 


Ferrotitanium.—Nominal prices (un- 
changed from 1967) at the end of 1968 for 
various grades of this alloy were quoted 
in Metals Week as follows: 


Price 
Low- carbon, 25-40 percent titanium, 
per pound 31.35 
Medium- carbon, 17-21 percent Titani- 
um, per short net ton.............. 375. 00 
High-carbon, 15-19 percent titanium, 
per short net oe n 310.00 


TRADE 


Although rutile imports from Australia 
continued to increase, those from Sierra 
Leone, owing to an interruption in that 
country’s output, dropped off to only 
about 10 percent of what they were in 
1967. Imports for consumption of 3,443 
tons of unwrought titanium and waste and 
scrap from six countries were less than 
one-half of what they were in the previous 
year. Japan shipped the United States over 
70 percent (2,466 tons) of these materials, 
practically all as titanium sponge. The 
United Kingdom and the U.S.S.R. also 
supplied the United States with significant 
quantities of sponge metal. Most of the 
remaining items under this import cate- 
gory, largely scrap, came from Canada. 
The steadily climbing imports of wrought 
metal, from six countries in 1968 and 62 
percent from Japan, were about 20 percent 
greater than the 1967 total. Imports of 
titanium dioxide from 12 countries, prin- 
cipally from Japan, West Germany, France, 
Finland, Spain, and the United Kingdom, 
totaled 53,324 tons valued at $18,667,976. 

The tariff on titanium sponge, waste, and 
scrap was lowered to 19.5 percent ad 
valorem on January 1, 1968, but the 
suspension of duty on waste and scrap was 
continued through the year. 
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Table 8.—U.S. exports of titanium products, by classes 


Ores and Metal and alloy Intermediate mill Dioxide and 
concentrates sponge and scrap shapes and mill | pigments 
ucts, n. e. e.! 
Year 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons N tons (thou- 
sands) sands) sands) sands) 
1966 1,800 $213 1,783 $1,988 1,871 39, 585 26,872 $7,501 
1961... my 8,027 167 1,429 1,708 rl, 812 :' 18 ,866 25,852 7,165 
1968............ 4,288 276 2, 756 1,748 1, 228 7, 575 30, 188 8.227 
r Revised. 
1 Not elsewhere classified. 


Table 9.—U.S. imports for consumption of titanium concentrates, by countries 


1966 1967 1968 
Country Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Ilmenite: 
Australia 46,245 $866 60,689 $524 45,196 $380 
Canada..................- 140,237 6,329 147,216 4,621 200,918 4,787 
Other countries 57 8 1 CJ ³˙¹ A 
Total. c ucu. o ul z ns. 186,539 6,698 207 ,906 5,145 246,109 5,167 
Rutile: 
Australia.. .....----------- 151,463 8,498 153,768 11,029 171,847 12,508 
Sierra Leone 19 1 13,129 898 1,348 91 
Other countries (2) (?) 208 16 1,171 54 
/ —a 151,482 8,494 167,100 11,948 174,366 12,658 


1 5 slag averaging about 70 percent TiO». 


WORLD REVIEW 


Australia.—New estimates of Australian 
titanium mineral reserves were reported 
and are as follows, in thousand long tons: 


. Company Ilmenite Rutile 
Associated Minerals Consolidated 

PNG ose ete x See 1,900 
Cable (1956) Ltd. l 2,250 ..... 
Coastal Mining Development Pty. T 
Consolidated Rutile Ltd. 600 
Cudgen R.Z, Ltd 560 
Mineral Deposits Pty. Ltd. 1,230 
Murphyores Holdings L te 25 27837 
Naracoopa Rutile Ltd ........ ...... 100 
Northern Rivers Rutile Pty. Ltd 50 
Queensland Titanium Mines Pty. 

1 lourd recul oan ae 600 
Rutile and Zircon Mines (New- 

Castle) Ltd... oo oi ee 750 
Signal-Dillingham................ ...... 100 
P ub Zirconium Industries 100 
Western Mineral Sands Pty. Ltd 3. 3,000 ..... 
Western Titanium N. I.. 8,500 ..... 
Westralian Sands Ltd.. 2,250 ..... 

S/ A 16,000 6,900 


1 Financial Review (Sydney), Feb. n 1968. 
oo Minerals (London). No. 


"s West Coast operation. 
* Rounded 


8, May 1968, 


One-third of the stocks of N.S.W. Rutile 
Mining Co. Pty., Ltd., the last of the pri- 
vately owned mineral sands producers on 
the east coast, were offered to the public by 
Murphyores Holdings Ltd Murphyores 
new dry processing operation at Barney 
Point, Gladstone, Queensland, to be ready 
early in 1969, was scheduled to have an 
initial output of 93,000 tons per year of 
ilmenite, rutile, and zircon concentrates. 
Material processed will be obtained from 
a 300-ton-per-day floating dredge on Rodd's 
Peninsula. | 

Australian ilmenite producers sought to 
develop salable grades of beneficiated il- 
menite (synthetic rutile) to fill the gap 
left by a shortfall of rutile. Murphyores 
planned to produce commercial tonnages 
of upgraded ilmenite of rutile grade at 
Gladstone by 1971, and at Capel, Western 
Australia, Western Titanium N.L. com- 
missioned a  semicommercial upgrading 


5 Industrial Minerals (London). No. 6, March 
1968, p. 22. 
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Table 10.—World production of titanium concentrates (ilmenite and rutile) by countries 


(Short tons) 
Country ! 1964 1965 1966 1967 1968 P 
Iimenite 
Australia (shipments) ?. .... r 840,799 r 494,885 r 575, 420 604, 488 616,181 
Brazil „117 10, 796 14, 920 16,498 19,710 
Canada (titanium slag) 544,721 545,916 524,773 602,455 672,866 
Ceylon..................- 50,880 : 5 45,415 58,578 5 82,242 
Finland. -..-.------------ 127 , 987 117,947 129,588 139,883 : 
India... 8 27 132 253 45, 840 ; 
Japan (titanium slag)...... 2,161 8,190 8,867 6,298 4,624 
Malagasy Republic........ §,291 6,957 6,821 51100 
Malaysias 144, 774 136,154 130, 864 100, 097 188,698 
OrW8y --..--------------- 299 , 854 811, "017 r 407,553 464 ,089 * 441,000 
Portugal................- 63 r 5 e 550 
nope. VVV /// ĩ ĩ²˙¹wA NA ³ y ĩ NA 
pum 3 ᷣ ͤ K 48,418 r 22,167 46,548 41,728 ° 48,000 
nited Arab D- Republie tee 8 r 2,507 1.171 NA 
United States . 1,001,132 969,459 965, 378 935, 091 978,609 
Total ilmenite `... r 2,589,898 2, 705, 425 72,886,987 13,018, 748 8,216,063 
Rutile: 
Australia 204, 256 243,410 r 213,122 806 , 286 828 , 665 
Ball 315 397 8 5 126 
%%0%000Cͤ col Lexus. ³³AA ] s. ⁊ð25 Aeneae 1,270 
/// ² AAA eee 2,062 1, 452 2,002 2,798 2,961 
Senegal )/ͤ; Lou i Dich NA 
Sierra Leonel. coco Bees Zei eiert, Qul 8 27,718 28 ,660 
United Arab b Republie Ee, See ? 37 NA 
United States 8,062 W W W W 
Total rutile . 214,755 245,259 r 275,198 r 887,067 856,682 
* Estimate. P Preliminary. r Revised W Withheld to avoid disclosing individual company con- 
fidential data. NA Not available. 


1 Titanium concentrates are produced in U.S.S.R., but no reliable figures are available. 


2 Includes small quantities of leucoxene concentrates. 
a Nuclear only. 


Production—Comissao Nacional de Ene 
: Contaming approximately 70—72 percent 
X 
6 Includes a mixed ) ds 
7 Total is of listed res only. 
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plant^ The Capel plant was designed to 
upgrade ilmenite from 55-56 percent to 
93 percent TiO. 

Signal Oil and Gas Co. Los Angeles, and 
Dillingham Corp., Honolulu, bought min- 
eral sand leases on 30,000 acres of land and 
dry processing plants at Kincumber and 
Woodburn N.S.W. from Northern Rivers 
Rutile Pty. Ltd.° 


Belgium.—A new 20,000-ton-per-year ti- 
tanium dioxide pigment production facility, 
using the sulfate process, was to be built 
before the end of 1970 by N.V. Bayer S. A., 
a subsidiary of Farbenfabriken Bayer, A.G., 
Antwerp.’ 


Canada.—A new chloride unit with a 
production capacity of 10,000 tons of 
TiOg due for completion in the spring of 
1969, was under construction at the 
Varennes, Quebec plant of Canadian Tita- 
nium Pigments, Ltd. a subsidiary of 
National Lead Co. Sté.  Quebecoise 


oduct containing ilmenite, leucoxene, and rutile. 


d’Exploration Miniere (SOQUEM), a 
Quebec Government-owned company, in- 
vestigated the titaniferous magnetite de- 
posit at Magpie, north of Minegan.“ 


Ceylon.—A 3-year contract, under wuich 
Japanese titanium dioxide makers will 
receive up to 70,000 tons of ilmenite per 
year, was expected to lead to expansion 
of the Pulmoddai plant owned by the 
Government-controlled Ceylon Mineral 
Sands Corp. to 72,000 tons per year 
output.“ 


6 Australian Mineral Industry. Quarterly Re- 
view. Quarterly Statistics. V. 21, No. 1, Septem- 
ber 1968, p. 12. 

7 Industrial Minerals (London). No. 7, April 
1968, p. 21. 

8 Industrial 3 (London). No. 4, Janu- 
ary 1968, p. 

9 Industrial Minerals (London). No. 15, Decem- 
ber 1968, 8. 

10 Industrial Sinera (London). No. 16, Janu- 
ary 1969, 

No. 10, July 


u Industrial Minerals (London). 
1968, p. 26. 
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Table 11.—Australia: Exports of ilmenite concentrates, by countries 


(Short tons) 

Destination 1964 1965 1966 1967 1968 » 
REH 28 ,947 53,215 90,674 184, 635 
C“Ow e ee ee 55, 876 884 49,362 69, 272 5, 

N atherlands GE 411 838 7,417 (1) (1) 
South Africa, Republic of— 20,017 24,640 11,314 (1) (1) 
BID. Coen cioe ͤ ee RASEN CEU masus (1) (1) 7,078 67 11,421 
United Kingdom. «„ 186,516 225,912 216,668 186,704 178,144 
United States 7,1 72,91 , 928 54,451 83,599 
Other countries 376 260 29,248 15,120 
Total... EE 275,588 404,005 399,237 430,416 448,420 
P Preliminary. 1 Included with “Other countries." 
Table 12.—Australia: Exports of rutile concentrates, by countries 
(Short tons) 

Destination 1964 1965 1966 1967 1968 » 
,  EENAR EEdM ees 4,287 4,084 2,465 (1) (1) 
CADRUR. ao ͤ k yß y y 8 (3) OI 5,499 5,419 26,649 

CO io ceo cou es ee c see ae 808 12,758 13, 642 8,782 9,668 
Germany, West. ..------------------------ 10,625 „051 10, 750 ; 7,865 
Italy. ea u ees pe a y eee er 8 6,851 5,915 6,287 (1) (!) 

S PUT RESUME ROS DOR aes 17,832 22,715 24,431 32,913 34,287 
e a 15, 206 12, 601 859 21,084 18,925 
SAS- e C o 454 4,742 8,857 (1) (1) 
United Kingdom... .... . 17,187 18,928 17,343 17,862 18,572 
United States 107,539 152,479 186,556 146,021 164,528 
Other countries... ........................ 87 24,920 28,355 46,422 89,300 
TT GE 217,160 268,188 259,044 289,846 319, 194 

p Preliminary. 

1 Included with “Other countries." 

Germany, West.—Effluent disposal ap- India.—Travancore Titanium Products 


parently was solved for the time being 
when the three titanium dioxide pigment 
producers—Farbenfabriken Bayer,  Pig- 
ment Chemie G.m.b.H., and Titangesell- 
schaft A.G.—entered a 13-year agreement 
to barge dilute waste acid to Rotterdam. 
There it would be transferred to ocean- 
going tankers and dumped into specified 
areas in the North Sea.“ Meanwhile, 
Titangesellschaft, a National Lead Co. 
subsidiary, was constructing a new, sulfate 
process plant with an initial annual capac- 
ity of 36,000 tons of TiO» at Blexner 
Groden, near Nordenham, with completion 
scheduled for the spring of 1969. Farben- 
fabriken Bayer A.G. was installing a chlo- 
ride processing unit with a capacity of 
21,000 tons of TiO» per year at Uerdingen, 
Westfalen, thus bringing its total company 
capacity up to 75,000 tons of TiO» per 
year. 


Ltd. (TTP) signed an agreement with the 
Power Gas Corp. Ltd. (UK) to raise the 
annual capacity of its dioxide plant at 
Trivandrum, Kerala State, from 6,000 to 
24,000 tons by 1970.” 

An ambitious $53 million program to 
construct a large integrated titanium com- 
plex in Kerala State was unveiled. * On a 
900-acre site near Cochin, Bhallarpur 
Paper and Straw Board Mills, with foreign 
collaboration, hoped to revive the Indian 
beach sand industry by building facilities 
to produce high-grade titanium slag, oxide, 
tetrachloride, and sponge metal. 


Japan.—The combined production of 
titanium sponge by the two producers, 
Osaka "Titanium Co. Ltd., Amagasaki, 


13 TNR Minerals (London). No. 4, Janu- 
ary, 1968, 26. 
13 Chemical pd (London). V. 98, No. 2547, 
May 11, 1968, 25. 
M Metals Week. V. 89, No. 32, Aug. 5, 1968, 
p. 
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Hyogo Prefecture, and Toho Titanium Co., 
Ltd., Chigasaki, Kanagawa Prefecture, was 
5,983 short tons, whereas the only output 
of titanium slag (4,624 tons) emanated 
fron Hokuetsu Metal Co.5 During the 
year the firms were said to have cut out- 
put 50 percent owing to low U.S. demand.” 
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All seven titanium dioxide pigment pro- 
ducers still use the sulfate instead of the 
chloride process. Ishihara Sangyo Kaisha 
Ltd., Osaka, a large titanium oxide pro- 
ducer, raised the plant capacity at Yok- 
kaichi by 50 percent to 6,600 short tons 
per month." 


Table 13.—Malaysia: Exports of ilmenite by countries 


(Short tons) 


Destination 1963 1964 1965 1966 1967 
Belguu dd Ser 19,470 14, 663 22, 184 (1) (1) 
France... AAA ae 63,194 58,805 27,351 (1) (1) 
TTT EE |, 537 71,037 86,300 106,832 100,039 
Other countries %%% toD E IS NUR 456 269 319 23,532 58 
( AAA eee zz ss 164,656 144,774 136,154 130,364 100,097 
1 Included with “Other eountries." 
Another of the larger firms, the Sakai Sherbro Minerals Ltd., a subsidiary of 


Chemical Industry Co. Ltd., Osaka Pre- 
fecture, was adding 500 tons per month 
to the existing capacity of 1,750 tons per 
month at its Onahama plant. 


Mexico.—Pigmentos y Productos Quimi- 
cos, S.A. de C.V., Tampico, a 49-percent- 
owned affiliate of E. I. du Pont de Nemours 
& Co., Inc., increased its sulfate process 
TiOz capacity from 10,000 to 14,000 tons 
per year with an additional 4,000 tons more 
planned for late 1969. 


Netherlands.—In the Rotterdam area, 
N.V. Titaandioxydefabriek Tiofine (TDF), 
owned 50 percent by American Cyanamid 
Company, completed modernizing and ex- 
panding its sulfate process titanium dioxide 
plant.!? 

New Zealand.—I]menite-bearing sands in 
the Westport area, South Island, were in- 
vestigated as a source of pigment feed by 
Rutile and Zircon Mines (Newcastle) Ltd., 
Sydney, Australia, in conjunction with 
Buller Minerals Ltd., Nelson, New Zealand, 
and the chemistry division of the New 
Zealand Department of Scientific and In- 
dustrial Research.” If large-scale produc- 
tion is proved commercially feasible, a 
titanium slag plant of 200,000 tons annual 
capacity was foreseen. Total ilmenite re- 
serves near Westport were estimated at 
between 17 and 31 million tons. 


Sierra Leone.—In June, about 6 months 
after its large hydraulic dredge sank, 


PPG Industries, Inc., and British Titan 
Products Co. Ltd., refloated and repaired 
the dredge and resumed production of 
alluvial rutile near the Sherbro estuary on 
the southwest coast, about 60 miles from 
Freetown. 


United Kingdom.—A new titanium melt- 
ing furnace installed at Imperial Metal 
Industries Kynoch works at Witton, a 
Birmingham suburb, has an annual capac- 
ity of 900 ingot tons, raising the total 
capacity at Witton to 3,500 ingot tons.” 
A greater efficiency is claimed because the 
crucibles are cooled with a liquid metal 
alloy of sodium and potassium, which will 
not react explosively with liquid titanium 
as will water. 

A new 30,000-ton-per-year chloride proc- 
essing unit, to be built by British Titan 
Products Co. Ltd. at Greatham, will raise 
the total capacity to about 250,000 tons 
per year of titanium dioxide.” Laporte 
Industries Ltd. announced it would ex- 
pand its TiO» production facilities at 


18 U.S. Embassy, Tokyo. State Department 
Airgram A-210, Mar. 11, 1969. 

16 Metal Bulletin (London). No. 5323, Aug. 13, 
1968, p. 21. 

17 Engineering and Mining Journal. V. 169, 
No. 8, August 1968, p. 134. 

18 American Cyanamid Company. Annual Re- 


port. 1968, 25 pp. 

19 Industrial Minerals (London). No. 14, No- 
vember 1968, p. 34. 

20 Metal Bulletin (London). No. 5298, May 


14, 1968, p. 23. 
2 Oil, Paint Mes Drug Reporter. V. 


193, No. 
4, April 1, 1968, 
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Stallingborough, Lincolnshire, by 40,000 
tons per year, using a chlorine process 
developed in cooperation with American 
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Potash & Chemical Corp. Completion in 
early 1970 will make the total capacity 
at this location 95,000 tons per year.“ 


TECHNOLOGY 


The need for titaniferous raw materials 
which can augment the dwindling supplies 
of rutile or substitute for that mineral has 
created considerable interest in the up- 
grading of ilmenite.” Because it takes 
about 2½ times as much ilmenite as it 
does rutile to make a unit of titanium, 
using the chloride process, the costs for 
upgrading ilmenite would have to be re- 
duced significantly for it to compete 
successfully with the higher grade rutile. 
The major effort entailed in the several 
techniques developed or being developed 
involves increasing the TiO content, up 
to over 90 percent in some cases, and the 
reduction of impurities such as an iron 
and chromium. 

Bureau of Mines personnel endeavored 
to assess the feasibility of recovering cer- 
tain valuable metal components found in 
the titanium mineral processing residues. 

Also, as described in the Zirconium and 
Hafnium Minerals Yearbook chapter, the 
Bureau and industry hoped to find means 
for recovering marketable grades of il- 
menite and rutile from Florida phosphate 
plant operations. 

An international conference on titanium, 
covering all aspects of titanium research 
and use, was held in London in May. 
It was sponsored by the Institute of Metals 
(Great Britain), American Society for 
Metals, and the Metallurgical Society of 
the American Institute of Mining, Metal- 
lurgical, and Petroleum Engineers, in asso- 
ciation with the Japan Institute of Metals 
and the Academy of Sciences of the 
U.S.S.R. Selected papers from the meetings 
were to be published in 1969 in the pro- 
ceedings of the conference. Various aspects 
of titanium metallurgy were discussed at 
a Materials Engineering and Sciences con- 
ference and Exposition sponsored by the 
American Institute of Chemical Engineers 
and held in the spring of 1968.“ Included 
in the 10 papers on the subject were 
presentations on basic metallurgy, primary 
production, preparation of mill products, 
fabrication techniques, corrosion resistance 
characteristics, and proven industrial ap- 
plications of the metal. 


At an extractive metallurgy symposium 
sponsored by the Metallurgical Society of 
AIME, held later in the year, a spokesman 
for TMCA described some features of a 
commercial prototype titanium sponge elec- 
trowinning cell.” The method, which in- 
volves sending an electric current through 
an electrolyte mixed with titanium tetra- 
chloride in a vacuum and collecting tita- 
nium at the cathode, was said to provide 
a higher quality sponge and eliminate the 
magnesium and sodium reduction steps re- 
quired in the current commercial methods. 
Also, an electrolytic method, which had 
been investigated years before, was de- 
scribed in detail.” The capital and manu- 
facturing costs of a full scale operation to 
produce 20 tons of titanium per day were 
estimated at $28 million and $0.98 in 
1959 dollars. Other papers on titanium 
were reported to have been presented at 
the 1968 Western Metal and Tool Con- 
ference and Exposition held in Los Angeles 
in March." 

An interesting property of a nickel- 
titanium alloy, developed by the U.S. Navy 
in 1961, was disclosed.” Called Nitinol 50 
and Nitinol 60, in its two forms, the alloy 
is hard, nonmagnetic, corrosion-resistant, 
and high in tensile strength. Its unique 
property is the ability of the substance to 
regain its original shape when it is heated 
above its transition temperature. Measure- 


3 arr EN (London). No. 5295, May 8, 
p 

23 Work cited in footnote 4. 

% Defense Metals Information Center, Battelle 
Memorial Institute, Columbus Ohio. Titanium for 
the Chemical Engineer. DMIC Memorandum 234, 
Apr. 1, 1968, 60 pp. [available from Defense 
Documentation Center (DDC), Cameron Station, 
Bldg. 5, 5010 Duke St., Alexandria, Va. 22314]. 

35 Chemical & Engineering News. Electro- 
winning Cell Turns Out High-Quality Titanium 
Sponge. V. 46, No. 54, Dec. 23, 1968, p. 82. 

3$ Myhren, A. J., E. 'H. Kelton, R. L. Johnson, 
G. E. Snow, L. D. Grady, E. W. Andrews, L. J. 
Reimert, and C. E. Barnett. The New Jersey 
Zinc Company Electrolytic Titanium Pilot Plant. 
J. Metals, v. 20, No. 5, May 1968, pp. 38-41. 

s Wood, R. A. Review of Recent Develop- 
ments— Titanium and Titanium Alloys. Defense 
Metals Information Center, Battele Memorial 
Institute, Columbus, Ohio, May 29, 1968, 6 pp. 

38 Product Engineering. Alloy Will Reshape 
Itself When Triggered by Heat. V. 39, No. 23, 
Nov. 4, 1968, pp. 131-132. 
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ments on the specific heat of the alloy were 
made.” 

The experimental evaluation of titanium 
metal and alloys in plates for undersea 
vehicles and of tubing for use in aircraft 
was assisted by industry facility improve- 
ments. Reactive Metals, Inc. (RMI) was 
said to have begun producing 36-inch- 
diameter ingots weighing over 15,000 
pounds from which it was able to make 
plates measuring 129 inches in diameter 
and 2.5 inches thick. The largest titanium 
plate rolled to date, by Lukens Steel Co., 
Coatesville, Pa., for RMI, was 151 inches 
in diameter and 4 inches thick and weighed 
11,600 pounds. New forging facilities at 
Alcoa’s Cleveland, Ohio, works had new 
heat-treatment furnaces with precise ther- 
mal controls and a rapid quenching system 
which insured optimum properties in large 
titanium forgings. 

A new machining technique, which in- 
volves planning titanium extrusions by 
ganged tungsten carbide cutters, requires 
no lubricant or coolant. The method, used 
at Lockheed-Georgia Company’s Chatta- 
nooga, Tenn. fabrication plant, affords in- 
tegrally stiffened extrusions with corrosion 
resistance which may substitute for pres- 
ently used aluminum wing panels in 
aircraft.” 

Diffusion bonding techniques, that are 
already economic for joining large tita- 
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nium aircraft forgings, were described.” 
Temperatures of between 1,675° F and 
2,000° F and pressures from 14.7 pounds 
per square inch (psi) to 10,000 psi, employ- 
ing roll bonding, blanket (up to 1,500 psi) 
or press bonding (up to 10,000 psi) forces 
an interpenetration and intermingling of 
atoms, with a joint at least as strong as 
parent metal. 

Preparation methods have been investi- 
gated for borides and carbides of titanium 
because of the resistance of these materials 
to high temperatures. Titanium diboride 
was made by reacting titanium dioxide 
and elemental boron for 1 hour in a 
vacuum at 1,700? C.” Titanium carbide 
was deposited at high temperatures from a 
gas mixture of titanium tetrachloride, hy- 
drogen, and methane.” 


2 Steel Times (London). Engineering Data 
Obtained for Titanium-Nickel Alloy. V. 196, 
No. 5, May 1968, pp. 282-283. 

30 Iron Age. Production Method Tames Tita- 
nium. V. 202, No. 24, Dec. 12, 1968, pp. 96-97. 

$3 Iron Age. Bonding: Bigger and More Com- 
plex. V. 201, No. 3, Jan. 18, 1968, pp. 66-67. 

Iron Age. Diffusion Bonding Goes Commercial. 
V. 202, No. 19, Nov. 7, 1968, pp. 64-65. 

32 Peshev, P., and G. Bliznakov. On the Boro- 
thermic Preparation of Titanium, Zirconium and 
Hafnium Diborides. J. Less-Common Metals, v. 
14, No. 1, January 1968, pp. 23-32. 

33 Pearce, M. L., and R. W. Marek. Formation 
of Silicon and Titanium Carbides by Chemical 
Vapor Deposition. J. Am. Ceram. Soc. V. 61, 
No. 2, Feb. 21, 1968, pp. 84-87. 
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Tungsten 


By Richard F. Stevens ! 


Although the price of tungsten remained 
stabilized during the year as a result of the 
General Services Administration (GSA) 
fixed-price disposal program, the demand 
for tungsten fell 20 percent while mine 
production, as measured by mine ship- 
ments, increased 18 percent. The three 
major factors which continued to influence 
the improved world tungsten market during 


1968 were, in order of importance: The 
price stability that occurred as a result of 
the U.S. Government's stockpile sales 
policy; the relatively high level of industrial 
activity in Japan, Western Europe, Eastern 
Europe, and the United States; and the 
absence of significant quantities of tungsten 
exports from mainland China. 


Table 1.—Salient tungsten statistics 


(Thousand pounds of contained tungsten) 


United States: 

Mine production 
Mine shipmenttn hh 
Releases from Government stocks 
ERportſsdf eee meet 
Imports, general „ 
Imports for consumption. ................-.- 
Consumption of concentrate 
Stocks: 

Producer ses -2-2 


World: 
Pele. ces olsen eects 
Consumption 


r Revised. 


1964 1965 1966 1967 1968 
W W 9,250 9,817 

8,798 7, 566 r 8,482 8,649 10,188 
758 926 8,273 6,393 3,225 

19 11 101 974 623 
2,737 3,495 4,203 2,004 1,824 
,148 3,618 4,298 1,699 1,743 
12,311 13,868 18,058 13,860 11,038 
580 411 358 975 603 
2,090 1,434 1,582 1,134 574 
r 61,928 759,632 *63,085 62,991 69,813 
58,417 60,634 65,441 58,729 56,661 


W Withheld to avoid disclosing individual company confidential data. 


1 Estimated tungsten content. 


Legislation and Government Programs.— 
During the year GSA continued its long- 
range tungsten concentrate disposal pro- 
gram and offered the tungsten concentrate 
in the Defense Production Act (DPA) 
inventory, all of which had been declared 
to be excess, for sale as a "shelf" item on 
a “first-come, first-serve basis.“ Sales con- 
tinued to be made at $43 per short-ton 
unit (s.t.u.) adjusted for premiums and 
penalties and some 3½ million pounds, 


tungsten content, were released in 1968 
at an average adjusted price of $40.05 per 
s.t.u. The average adjusted prices of in- 
dividual sales ranged from $37.27 to $43.63 
per s.t.u. There continued to be no restric- 
tions on the exportation of this material 
and approximately 20 percent was pur- 
chased by traders for export. The com- 
panies which purchased excess tungsten 
during the year are listed below: 


1 Physical scientist, Division of Mineral Studies. 
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Amount Dollar Average 
price 
Company (s.t.u.) value ($/s.t.u.) 
Firth Sterling 46,298 $1,802,549 $38.94 
Union Carbide Corp... 8,574 134, 849 37.59 
W. R. Grace & Co.... 4,297 187, 441 48.63 
Philipp Brothers 
Corp., Ine 76,747 3,053,204 39.78 
Bethlehem Steel Corp. 3, 554 146,007 41.08 
SCO- · A sahaa 1,818 72,888 39.95 
Fansteel Inc. (formerly 
Fansteel Metallurg- 
ical Corp.) 14,358 583,410 40.63 
Columbia ool Steel 
0000 ees oe 98,453 139,974 40.54 
Kennametal, Inc...... 36, ,971 1,483,443 40.79 
Sylvania Electric 
Products, Ine 8,156 137,329 43.51 
Molybdenum Corpo- 
ration of America 
(Molycorp) ....-..- 2,252 91,709 40.72 
Shieldalloy C Corp 503 21,122 41.99 


General Electric Co. .. 3,153 Y 
C. Tennant & Sons... 3,782 152, ,692 40.37 


Total... 208,311 $8,143,459 $40.05 


A detailed report was prepared for GSA 
to help that agency formulate its continuing 
plans for long-range disposal programs of 
excess tungsten concentrate.” 


Table 2.—U.S. Government tungsten materials inventories and objectives 


(Thousand pounds, tungsten content) 


Inventory by program 
Dec. 31, 1968 


Material Objective Total 
National Supple- 
(strategic) DPA mental 
stockpile stockpile 
Tungsten ore and concentrate: 
Stockpile gerade -2 ---2------------ 35,785 67,541 43,981 3,352 114,874 
Nonstockpile grade... ...... 2... 2.2...  -2--..-. 46,695 15,724 1,158 63,572 
Ferrotungsten: 
Stockpile grade 1,800 938: duusscon ¿Dogs 938 
Nonstockpile erade 2.2.2.2... IIc Të 1,208 
Tungsten metal powder, hydrogen reduced: 
Stockpile grade 1,600 1-196. 2-12 sdonis 1,196 
Nonstcckpile grade- d. 1 Aion sis 102 
Tungsten n.etal powder, carbon reduced: 
Stockpile gerade -22-an 500 DAT uoce noie D 547 
Nonstockpile erade -.-..-.... Db. —————À Imole 171 
Tungsten carbide powder: 
Stockpile verade ananasni 2,000 842222 1,080 1,922 
Nonstockpile gradedʒ . 1/;⁊ . 8 112 


Tungsten carbide, erystalline: 
Stockpile grade 


DOMESTIC PRODUCTION 


Ore and Concentrate.—As a result of the 
Government’s continuing disposal policy 
which resulted in high stabilized prices dur- 
ing 1968, domestic production as measured 
by mine shipments increased 18 percent. 
Although 47 mines reported production 
and/or shipments of tungsten concentrates 
during the year, only the Pine Creek mine 


of the Mining and Metals Division, Union 
Carbide Corp., near Bishop, Calif., and the 
Climax mine of Climax Molybdenum Co., 
a division of American Metal Climax, Inc., 
(AMAX), at Climax, Colo., operated con- 


2Charles River Associates Inc. Economic 
Analysis of the Tungsten Industry. Cambridge, 
Mass., January 1969, 314 pp. 
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Table 3.—Tungsten concentrate shipped from mines in the United States 


Quantity Reported value f.o.b. mines ! 

Year Short Short-ton Tungsten Total Average Average 

tons, units content (thou- per unit per pound 

60 percent WO:? (thousand sands) of WO; of tungsten 

WOs basis pounds) 

1964... 8 9,244 554,676 8,798 $11,251 $20.28 $1.28 
99, ⁵ K NEL EEE 7,949 476,979 7, 566 13, 028 27.32 1.72 
1939%9ꝙ9ꝙͤ/q . ee SZ 8,912 534, 727 8,482 17,620 82.95 2.08 
1961... 2. ß 9,088 545,269 8,649 20,895 88.32 2.42 
1968. 2:2 ee foc eL 10,704 642,263 10,188 25,197 89.28 2.47 


1 Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2 A short-ton unit equals 20 pounds of tungsten trioxide (WOs) and contains 15.862 pounds of tungsten. 


tinuously during 1968. Both of these mines 
obtained tungsten as a coproduct or by- 
product. Tungsten was the major mineral 
value recovered at Pine Creek along with 
minor amounts of molybdenum, copper, and 
gold. At Climax, the major mineral value 
recovered was molybdenum while tungsten, 
tin, pyrite, and monazite were recovered 
as byproducts. 

Additional intermittent tungsten output 
was also reported from Pima, Santa Cruz, 
and Yuma Counties, Ariz.; Fresno, Inyo, 
Kern, Madera, San Bernardino, Tulare, 
and Tuolomne Counties, Calif.; Boulder 
and Lake Counties, Colo.; Custer and 
Valley Counties, Idaho; Beaverhead, and 
Deer Lodge Counties, Mont.; Churchhill, 
Ormsby, Pershing, and White Pine Coun- 
ties, Nev.; and Salt Lake County, Utah. 
Some of these mines, because of their high 
elevation, were able to operate for only 
about 6 months of the year when the area 
was relatively clear of snow. 

Ranchers Exploration & Development 
Corp., Albuquerque, N. Mex., completed 
an evaluation of the tungsten ore reserves 
and the production potential of the Hamme 
tungsten mine near Henderson, N.C., and 
late in the year it was announced that 
Ranchers had purchased this property 
from Howmet Corp. Ranchers indicated 
that it had completed pumping the water 
which had filed the mine following its 
closing in early 1963, that a main shaft 
was being sunk, and that the company 
was reviewing the extractive metallurgical 
operations involved to determine the most 
economic methods for use at this site. Plans 
were underway to replace the equipment 
which had been sold at auction following 
closure of the mine and to build a process- 
ing mill adjacent to the mine site. This 
property is not expected to be in full-scale 


production before 1970 at which time, 
based upon historical data, the Hamme 
mine could produce between 134 to 2½ 
million pounds of contained tungsten an- 
nually. This would make Ranchers the 
second largest domestic tungsten producer. 

During the year Union Carbide Corp. 
obtained an option to purchase the Leonard 
scheelite mine near Rawhide, Nev., from 
Kennametal, Inc. This mine reportedly has 
important reserves of medium-grade schee- 
lite ore. Low-grade concentrate could easily 
be trucked to Union Carbide's Pine Creek 
synthetic scheelite processing facilities for 
upgrading to commercial grade concentrate. 

Minerals Engineering Co., with financial 
assistance from General Electric Co., con- 
tinued work on the reopening of its Calvert 
Creek open-pit tungsten mine in Montana. 
In connection with this operation, the 
capacity of the mill in Glen, Mont., is 
being increased to 250 tons per day (tpd) 
and a chemical processing plant is being 
constructed to process the concentrate to 
ammonium  paratungstate (APT). This 
operation, which was originally scheduled 
to go on stream in 1968, has been delayed 
by corrosion problems in the solvent extrac- 
tion circuits of the APT plant and it is 
not expected that full production will begin 
before mid-1969. It is anticipated that most 
of the output will be shipped to General 
Electric. 

Because of heavy snows, tungsten pro- 
duction at the Strawberry mine of the New 
Idria Mining & Chemical Co., Madera 
County, Calif., was limited to only 5 to 
6 months’ operation during the year; while 
the Eureka tungsten mine of Canyon Min- 
ing Corp., near Boulder, Colo., was able to 
operate throughout the year owing to its 
close proximity to an all-weather highway. 
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Metal, Alloys, and Compounds.—The 
Chemical and Metallurgical Division of 
Sylvania Electric Products, Inc., continued 
further expansion of its facilities at 
Towanda, Pa., with the completion of a 
63,000-square-foot addition to its metals 
plant. This new structure will permit the 
expansion and consolidation of tungsten 
and molybdenum rod, wire, and fabricated 
parts production formed from arc-melted 
metal ingots. 

Carbide, Inc., McKeesport, Pa., devel- 
oped a method of isostatic pressing tungsten 
carbide powder which gives superior con- 
trol over size, uniformity, and properties 
than that obtainable by standard hydraulic 
pressing operations. 

M&R Refractory Metals, Inc., Spring- 
field, N. J., was acquired during the year 
by Whittaker Corp., Los Angeles, Calif., 
to expand the latter’s metal processing 
activities by adding chemical processing 
techniques to existing pyro-metallurgical 
methods. M&R will be operated under its 
former management as a subsidiary of 
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Whittaker’s Industrial and Commercial 
Metals Group. 

During the year Firth-Loach Metals, 
Inc., a cemented carbide producer, was 
acquired by Howmet Corp. and became 
the Carbide Division of the Howmet Super- 
alloy Group. 

In 1968 Fansteel Metallurgical Corp. 
changed its name to Fansteel Inc. because 
the old name was inadequate to describe 
the company’s broadened involvement in a 
wide variety of organic, ceramic, and 
special metals and materials technologies. 

Carmet Co., a subsidiary of Allegheny 
Ludlum Steel Corp., announced that it had 


purchased a 42,000-square-foot plant at 


Shinnston, W. Va., for use as a tungsten 
carbide manufacturing facility. 

Metal Carbides Corp., Youngstown, Ohio, 
announced plans for a $500,000 expansion 
of its present plant. A new building will 
be built to house the additional equipment 
needed to increase the company’s output 
of tungsten carbide, about 15 percent of 


which is exported to Japan and Western 
Europe. 


CONSUMPTION AND USES 


The major individual end use of tungsten 
during 1968 continued to be as tungsten 
carbide (WC) which accounted for 40 per- 
cent of the total consumption. Consumption 
of other tungsten products was as follows: 
Tungsten metal powder (28 percent), ferro- 
tungsten (12 percent), and scheelite and 
scrap (18 percent). In addition, a small 


quantity, less than 2 percent, of tungsten 


was used in the form of tungsten chemicals. 
Tungsten carbides were produced from 
tungsten metal powder and from tungsten 
scrap. Ferrotungsten and scheelite were 
used as additives in steelmaking and tung- 
sten wire and wrought products were pro- 
duced from high-purity tungsten metal 
powder. 

World consumption of tungsten is ex- 
pected to grow at an average rate of over 
9 percent annually through 1975 according 
to a forecast made by the president of 
American Metal Climax, Inc. (AMAX). 

Mallory Metallurgical Products, a joint 
subsidiary of Johnson Matthey Metals and 
P. R. Mallory & Co., Indianapolis, Ind., 
has developed and is offering a high- 
melting-point, tungsten-base alloy produced 


by powder metallurgy techniques for use 
as a pressure die casting tool material. 
Designated Anviloy, this alloy requires no 
heat treatment and has outstanding resist- 
ance to heat fatigue. 

The Coromant Division of Sandvik Steel 
Inc., Fair Lawn, N.J., developed a new 
grade of tungsten carbide designed espe- 
cially for semiroughing and finish turning 
of super alloys. The high edge strength and 
wear resistance of this tungsten carbide, 
designated Rl Premium, make the material 
especially suitable for these operations. 

Several special reviews were published 
that discussed and evaluated the tungsten 
supply-demand patterns, and the high- 
temperature aerospace and other applica- 
tions of this metal? A review and outlook 
of ferroalloy additive materials was pub- 
lished which discusses the use of tungsten 
as a ferroalloy material.* 


3 Metals Week. Clad Metals: The Best of All 
Possible Worlds. V. 39, No. 1, Jan. 1, 1968, 
pp. 10-18. Ruth, John P. Space Age Metals 
Section. American Metal Market, sec. 2, v. 75, 
No. 98, May 21, 1968, 16 pp. 

4 Metals Week. The Ferroalloy Metals, Review 
5 768. V. 39, No. 10, Mar. 4, 1968, 
4 pp. 
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Figure 1.—Domestic shipments, imports, consumption, and 
average price of tungsten ore and concentrate. 


PRICES AND SPECIFICATIONS 


Throughout 1968 the domestic price of 
tungsten ore and concentrate was quoted 
at $43 per short-ton unit. The world price 
as quoted in Metals Week and in the Metal 
Bulletin (London) remained near the GSA 
sales price of $43 per short-ton unit. The 
GSA sales policy continued to have a 
stabilizing effect on the world tungsten 
price which had been subject to extremely 
wide fluctuations prior to its inception in 
1966. During the year the average monthly 
London price approached or exceeded 
"parity" (the price at which tungsten on 


the Western European market was sold at 
or above that of GSA ($43)) only nine 
times. Twice during the year, in May and 
October, the European (Lond. ) price 
fell in anticipation of the Cantor: China) 
Trade Fairs. However, in both cases, as in 
previous years, very little tungsten was 
reportedly purchased at these fairs, and the 
price quotations were quick to respond. 
The price of ammonium paratungstate 
(APT) processed from domestic ore and 
delivered to contract customers reportedly 
ranged from $39 to $45 per short-ton unit. 
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Table 4.—Production, shipments, and stocks of tungsten products in the United States 


1967 


Gross production during year 
Used to make other products listed here 
Net production............- 
Shipments --------- 
Producer stocks, l 31 


Gross production during year 
Used to make other products listed here 
Net production — nm 
Shipments 332. 


(Thousand pounds of contained tungsten) 


H en- Tun 
vdrog carbide order 
carbon — k.äpaa 


reduced Made Crushed 
metal from and 

powder metal Geng 
powder ine 


—— sasa ,256 5,549 2,714 11,606 

0,125: Lusiecrc 8 10,246 
3 581 5, 549 2,714 1.860 
„„ 7,487 5, 690 2, 778 6,436 
TTE 2,125 201 156 1,777 
3 „702 4, 458 2,472 10, 542 

5653) T 9,934 
8 „858 4,458 2,472 608 
——Á— 7,191 4,457 2,112 6,813 
353 1,812 228 776 1,621 


Chemicals Other ! 


Total ? 


1 Includes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, self-reducing oxide, pellets, and 


scrap. 
2 Data may not add to totals shown because of independent rounding. 


3 Includes quantities consumed by producing firms for manufacture of products not listed here. 


Table 5.—Consumption, by end uses, and stocks of tungsten products 


in the United States in 1968 


(Thousand pounds of contained tungsten) 


Tungsten Tungsten Other 
Use Ferro- metal carbide tungsten Total ‘ 
tungsten ! powder? powder materials 
Steel (ingots and castings): 
High speed and toolũlll 999· diedcsese 1,018 1,970 
Stainless. consec erc oHm adm ea ema Em IJ 8 61 201 
Alloy (excluding stainless) )) 200 W W 122 322 
Other steel- ß ced eu eee NO: uses. Gaewecee 97 97 
Cast r (B. eege, ZS 68 68 
Cutting and wear resistance materials: 
Cemented or sintered carbides...............  ...... 884 4,012 215 5,060 
Gl.. usu ua aaa (5) 88 81 85 104 
Welding and hard facing rods and materials 8 391 584 228 1,155 
Nonferrous alloy 160 30538 218 678 
Electrical materials... (5) 104 W 27 181 
Chemical and ceramic uses: 
// Ee ³»ÜA. ͤ = quati 141 141 
/ ꝛ˙Ü¾ͤ 5i᷑ ⁰ð⁰yꝗdd ⁰¶ydd ↄↄꝓSv ß 221 221 
Miscellaneous and un specified 91 1,941 672 259 2,968 
Total 4. co celica y . 8 1, 552 8,612 5,248 2,695 13, 108 
Consumer stocks December 81, 19688... 867 669 510 818 2,864 
W n to avoid disclosing individual company confidential data, ineluded in Miscellaneous and 
unspec Es 


1 Includes melting base and metal 
? Includes both carbon-reduced an 


ellets. 
hydrogen-reduced tungsten metal powder. 


3 Includes tungsten chemicals, natural and synthetic scheelite, tungsten scrap, and other. 
4 Data may not add to totals shown due to individual rounding. 


š Les: than 4 unit. 


APT processed from GSA material was 
believed to be sold in the range from $48 
to $51 per short-ton unit. 

The quoted prices of the various grades 
of ferrotungsten in lots of 5,000 pounds or 
more, 14-inch lump, packed, f.o.b. destina- 
tion, continental United States, 70 to 80 


percent tungsten, increased from a range of 
$2.03 to $3.50 per pound, tungsten content, 
at the beginning of 1968 to a range of 
$3.20 to $3.71 per pound, tungsten content, 
at yearend. The quoted price of UCAR, 
Union Carbide’s special high-grade ferro- 
tungsten rose from $2.03 per pound, tung- 
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Table 6.—Monthly price quotations of tungsten concentrate in 1968 


Wolfram and scheelite: 


London market, shilling per 


Equivalent quotation, dollars per 
short-ton unit of WOs 


Month long-ton unit of WOs, 60 
percent basis: 

Low 

NR eege 405 

February................-....-- 397 14 

March... ek eee bee 350 

POT oa ͤ ⁵ CE 295 

/ ³¹¹mĩ ⁰•⁰m A EENEG 290 

Jule. L luu EE 820 

/r 8 3574 

August -ħħ 395 

September. 3774 

Oe tober 350 

November, 355 

December 410 


High Low High Average ! 
425 $43.41 $45.55 $44 .48 
42714 42.60 45.82 44.21 
2216 37.51 45.28 41.93 
352 81.62 37.73 34.73 
330 31.08 35.37 33.01 
867% 34.30 39.39 86.66 
415 38.32 44.48 41.91 
415 42.34 44.48 43.41 
415 40.46 44.48 43.03 
390 37.51 41. 80 39.28 
422% 88.05 45.28 41.37 
50 43.94 48.28 46.62 


1 Arithmetic average of weekly quotations. Average equivalent price $40.88; duty $7.14; average equivalent 


price, duty paid, $48.02. 


sten content, at the beginning of the year 
to $3.71 per pound tungsten content, at 
yearend. 

The quoted prices of both carbon- and 
hydrogen-reduced tungsten metal powder 
remained unchanged during the year. 
Carbon-reduced tungsten metal powder 
(99.8 percent in 1,000-pound lots) was 
quoted by Metals Week at $2.75 per pound 
of contained tungsten. The quoted price of 
hydrogen-reduced tungsten metal powder 
(99.99 percent) continued to range from 
$4.60 to $5.44 per pound. 

While not quoted, the price of scheelite 
for direct addition to steel melts was be- 
lieved to be about $35.50 per short-ton 
unit, equivalent to about $2.20 per pound 
of contained tungsten. 


FOREIGN 


Exports of tungsten concentrate (table 
7) decreased 36 percent in 1968 and 
represented material purchased from the 
GSA stockpile. Reexports, of tungsten ore 
and concentrate, all to West Germany 
totaled 112,000 pounds gross weight, valued 
at $117,429. 

Exports of unwrought tungsten metal 
and alloys in crude form, waste, and scrap, 
primarily to West Germany, decreased 12 
percent to 593,092 pounds, gross weight, 
valued at $727,100 in 1968. Tungsten and 
tungsten alloy powder exports decreased 
8 percent during the year to 46,908 pounds, 
gross weight, valued at $220,984 and were 
shipped primarily to West Germany (48 
percent) and Canada (31 percent). 


The price of pressed and sintered tung- 
sten billets ranged from $15.44 per pound 
for billets 1 inch in diameter to $8.00 per 
pound for 10-inch-diameter billets. Tung- 
sten rod (99.95 percent) was offered in 
the price range from about $9.65 to $34.60 
per pound, depending upon diameter grain 
size and finished surface condition. The 
price of tungsten sheet ranged from about 
$18.33 to $92.50 per pound, depending 
upon quantity, thickness and size. 

The price of tungsten chemicals ranged 
from $3 to $45 per pound, depending upon 
amount and type of chemical. 

A summary of a French doctoral thesis, 
“The Formation of the Price of Tungsten 
on the World Market," was published in 
English.“ 


TRADE 


Tungsten and tungsten alloy wire ex- 
ports, primarily to Canada (43 percent) 
and Brazil (22 percent), rose 42 percent 
to 51,794 pounds, gross weight, valued at 
$1,524,162 in 1968. Exports of wrought 
tungsten and tungsten alloys primarily to 
West Germany (48 percent), and Canada 
(36 percent), almost doubled during the 
year and totaled 71,189 pounds, gross 
weight, valued at $766,012. 

During the year general imports of tung- 
sten concentrate decreased 9 percent while 
imports for consumption rose 3 percent. As 
in the previous 4 years, there were no duty- 


5Mining Magazine (London). The World’s 
Tungsten Economy. V. 117, No. 6, December 
1967, pp. 461-466. 
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Table 7.—U.S. exports of tungsten ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


Country 

weight 
MUS ß 
Belgium- Luxembourg 107 
a,...“ ⁵ðᷣ se eee 16 
777 ⁰Ü¹ .. 158 
Germany, Wes t 127 
0%)! ].... eee cue 304 
Netherlands 458 
South Africa, Republic oz 477 
United Kingdom. ................-...-.-.- 246 
TOUR] o nee cust ufo u so Eh E 1,888 

r Revised. 


Gross Estimated Value 


1967 1968 


Gross Estimated Value 


tungsten weight tungsten 
content ! content ! 
FFC 106 55 $141 
55 Il A 
8 13 90 47 133 
79 247 83 43 111 
66 262 485 250 687 
157 893 119 61 169 
236 149 29 15 48 
246 T44. oto ^ ̃ ͤ K ͤ 
127 r 365 295 152 421 
974 72,934 1,207 623 1,705 


1 Tungsten content estimated by multiplying the gross weight by a factor of 0.516 equal to 0.65 (to convert 
from 65 to 100 percent WO; basis) times 0.7931 (to convert from WO; to W basis). 


free imports of tungsten ore and concen- 
trate for the U.S. Government during 1968. 

Imports of tungsten carbide during the 
year, primarily from Sweden (73 percent), 
West Germany (13 percent), and the 
United Kingdom (12 percent), increased 
by a factor of 8 to 14,984 pounds, tungsten 
content, valued at $86,343. There were no 
imports of semifabricated tungsten in ingots 
and shot during the year. 

Imports of tungsten waste and scrap 
containing over 50 percent tungsten de- 
creased significantly in 1968 to 26,889 
pounds, tungsten content, valued at $36,247, 
primarily from Sweden (48 percent). 
Imports of unwrought tungsten in lump, 


Table 8.—U.S. imports’ of tungsten 


grains, and powder continued to decrease 
in 1968 and totaled only 2,711 pounds 
tungsten content, valued at $19,486, almost 
all from France. In 1968 imports of 
wrought tungsten increased 18 percent to 
6,161 pounds, valued at $316,084. This 
material came primarily from Austria (40 
percent) and the Netherlands (18 percent). 

Imports of calcium tungstate during 
1968, almost all from West Germany, 
totaled 12,539 pounds, tungsten content, 
valued at $86,891, a 17-percent increase 
over 1967 imports. 

Imports of material classified as other 
metal-bearing materials in chief value tung- 
sten decreased significantly and totaled only 


ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


1967 1968 
Country — 
Gross Tungsten Value Gross Tungsten Value 
weight content weight content 

LL) ————————————— 336 195 $508 266 145 $297 
) n a Bae his 156 90 206 109 55 73 
Burundi and Rwanda „„ 11 4 11 
Canada, ou uum um sc au ls oe S 739 463 871 1,610 1,035 1,928 

Chiles o tus e e . Medii e fe 15 2 
Congo (Kinshasa): 132 68 1356. Guna. uLeeiiil é 
Hong Kong... 2 cet etek, ³ demde 5 2 4 
Korea, South 22 cL LLL Ll Ll css 560 316 699 ;öÜöÜ ⅛ðᷣͤ cec Weeetec 
J1;öÜ.§ĩ§Üöĩ5˙L ð- m M E 23 12 16 8 2 2 
New Zealand. 20 11 35: wath TT 
CPU EE 635 369 848 874 506 961 
F A ĩð oe 806 480 1,175 67 40 91 
United Kingdom iꝛiꝛii i „„ 45 26 56 
Ne iso hc 3,407 2,004 4,436 3,005 1,824 9,444 


1 Data are "general imports’’, that is, they include tungsten imported for immediate consumption plus 


material entering the warehouses. 


? Represents transshipment, rather than country of origin. 
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Table 9.—U.S. imports for consumption of tungsten ore and concentrates, by countries 


Bolivia 


K 


ingdom 2 


(Thousand pounds and thousand dollars) 


1 Less than 14 unit. 
2 Represents transshipment, rather than country of origin. 


United Kingdom LE 


1967 
Gross Tungsten Value 
weight content 
296 172 $445 
156 90 206 
7389 433 571 
132 68 138 
e 6 34 50 
23 12 16 
20 11 85 
635 869 848 
806 480 1,175 


1968 
Gross Tungsten Value 

weight content 
184 73 3146 
109 55 7 
11 4 11 
1,610 1,085 1,928 
(1) (1) (1) 
MEN b 2 4 
EES 3 2 2 
874 506 961 
67 40 91 
45 26 56 


Table 10.— U.S. imports for consumption of tungsten or tungsten carbide forms 


! Not applicable to Communist countries. 


(Thousand pounds and thousand dollars) 


Ingots, shot, 
bars, and scrap 


292 $432 49 
188 246 5 
44 51 6 


Wire, sheets, or 
other forms, n.s.p.f. 


Total 


Quantity Value Quantity Value Quantity Value 


$208 341 $640 
277 143 528 
316 50 367 


Table 11.—U.S. import duties on all forms of tungsten (tungsten content) 


(Per pound contained tungsten) 


Article 


Tungsten ore 
Other metal bearing materials in 


chief value tungsten. 


Ferrotungs ten 


Waste and scrap containing by 
weight not over 50 percent 


tungsten. 


Waste and scrap containing by 


weight over 50 percent of 
tungsten. 


Unwrought tungsten, except 
alloys, in lump, grain, and 


powder. 


Unwrought tungsten ingots and 


shot. 


Unwrought tungsten, n.e.c....... 
Tungsten alloys, unwrought, con- 
taining by weight not over 50 


percent tungsten. 


Tungsten alloys, unwrought, con- 


taining by weight over 50 
percent tungsten. 


Wrought tungs ten 
Tungstic acid. ..--------------- 


Ammonium tungstate........... 
Calcium tungstat᷑e 
Potassium tungstate 
Sodium tungstate.... ......... 
Tungsten carbide............... 


Other tungsten compounds, n. e. e 


Mixtures of two or more inorganic 


compounds in chief value 
tungsten. 


Rate of duty ! 


Effective 
Jan. 1, 1968 


$0.45 per pound tungsten (W). 
$0.375 plus 18 percent ad 


valorem. 


$0.378 plus 11 percent ad 


valorem. 


18.5 percent ad valorem..... 


$0.37 plus 22.5 percent ad 


valorem. 


18.5 percent ad valorem..... 


22.5 percent ad valorem..... 
$0.378 plus 11 percent ad 


valorem. 


22.5 percent ad valorem..... 


valorem. 


valorem. 


$0.37 plus 18 percent ad 


valorem. 


Effective 
Jan. 1, 1969 


$0.40. 

$0.335 plus 16 percent ad 
valorem. 

50.335 plus 10 percent ad 
valorem. 

$0.33 plus 10 percent ad 
valorem. 


16.5 percent ad valorem. 

$0.33 plus 20 percent ad 
valorem. 

16.5 percent ad valorem. 

20 percent ad valorem. 

$0.335 plus 10 percent ad 


valorem. 


20 percent ad valorem. 


Do. 
$0.33 plus 16 percent ad 
valorem. 


o. 

$0.33 plus 20 percent ad 
valorem. 

$0.33 plus 16 percent ad 
valorem. 
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4,961. pounds, tungsten content, valued at 
$8,097 in 1968. This material, believed to 
represent primarily synthetic scheelite, was 
all received from Japan. As in 1967, there 
were no imports of ferrotungsten during 
the year. 


WORLD 


The United Nations Committee on Tung- 
sten continued its collection of statistical, 
scientific, technical, and economic data on 
tungsten and conducted a review of the 
world tungsten situation through its eight- 
member (Australia, Austria, Bolivia, Por- 
tugal, South Korea, Sweden, the United 
States, and West Germany) subcommittee, 
the Working Group. This body met in New 
York in September, but because of the 
continued favorable state of the world 
tungsten market, a meeting of the full 
committee was not held during 1968. 
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In accordance with the completed 
Kennedy Round Tariff Negotiations, the 
import duties on all forms of tungsten were 
further reduced, effective January 1, 1969, 
as indicated in table 11. 


REVIEW 


In addition to its regular quarterly re- 
port, Tungsten Statistics," the Committee 
issued during the year, a new publication, 
"Tungsten Bibliography,“ which listed 
scientific, technical, and economic reports 
on tungsten. Copies of both of these 
periodic reports are available upon request, 
from the United Nations Conference on 
Trade and Development (UNCTAD), Dis- 
tribution Section, Palais des Nations, 
Geneva, Switzerland. 

At its September meeting the Working 
Group discussed the possibility of recom- 


Table 12.—World production of tungsten ore and concentrate, by countries 


(Thousand pounds of contained tungsten)? 


Country 1964 - 1965 1966 1967 1968 P 
North America: 
anada WEE 840 2,964 r 8,296 e 220 2, 855 
e iii! csclclede: used: wosccees 9 88 13 
LC a EE 8 192 150 828 ` 586 
United States (shipment) 8,798 7,566 8,482 8,644 10,188 
South America: 
Argentina ĩ˙¹ꝛiAA T ͤ Rie gbedaupaESE 64 152 r 152 232 NA 
III. ⁵ĩð2,ĩ)̃ ecb y Ade E 2, 106 1,912 r 2, 760 3,494 4,000 
eebe eg 402 402 r 494 638 958 
a DEEN 676 836 762 871 1,120 
Europe: 
JJ L cesta A 8 110 206 144 150 e 236 
Fortes 1,854 1,724 2,096 2,416 2,856 
Mic MENU LS r 35 4 r 106 166 24 
%000%%%ͤ— DUDEN UNE a ee ee 11,400 12,600 18,000 13,600 13, 600 
Africa: 
Congo (Kinshasa) ........................ 244 224 r 200 116 86 
. ³ĩ»m²¹¹·¹ꝛꝛm A 156 288 432 611 708 
South-West Africa, Territory of............ 198 178 186 e 187 e 187 
TANTA. oou .:.. ß ⅛ v . i a Ec 7 50 20 
z ——— 50 r 75 84 e 88 
ia: 
Burne 6022352504 22602565 . coe ee EE 600 r 350 240 388 307 
China, mainland *.......................- 21,400 17,600 17,600 17,600 17,600 
Dl... wee ew 910 758 124 862 1,166 
Korea: 
North €. A AA x-eue2oaue 4,200 r 4,200 4,720 4,720 4,720 
in . s C 5,698 4,698 r 4,533 4,464 4,615 
Maass t j ð h.ds 8 r 9 r 11 4 33 143 
ail CO uQ l SLO O eee 452 r 582 r 591 956 988 
Oceania: 
C ³˙oÜ k tt ..... 1, 768 2,090 2,822 2,123 2,530 
M oos Mints r 61,928 759,632 * 63,085 62,991 69,813 
e Estimate. P Preliminary. r Revised. 


1 France, Sweden, and Yugoslavia are no longer tungsten oreducers, In addition, the following countries also 
roduce tungsten (only 1 to 15 short tons of contained tungsten yearly each): Hong Kong, India, Italy, 
ongolia, New Zealand, Nigeria, Republic of Souta ativa, mu- ~ IA. I 
" 2 NT slon factors: WO; to W equals 0.7931; in converting 60 percent WO; concentrate to W, multiply 
y ° ° 
š Only producer was shut down in December 1966 and was reopened in December 1967. 
‘ Total is of listed figures only. 
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Table 13.—World consumption of tungsten ore and concentrate, by countries! 


(Thousand pounds, tungsten content) 


1964 1965 1966 1967 1968 P 
Actual consumption: 
ar. 110 110 110 110 110 
ASCO ex. Z ĩ ee s u ? 3,909 3,982 r 4,190 8,140 2,820 
CONGR oro ß A 286 447 449 405 3 400 
7 ¶ ͥ AAA 4,910 r 3,240 4,002 5,740 4,990 
lll 88 651 433 841 688 524 
United Kingdom. ................-........- 27,447 7,515 6,633 4,880 5,920 
United States 12,811 13,868 18,058 13,860 11,038 
Apparent consumption, including stock variations 
!;öÜ br yd EE 1, 846 2,636 r 8,045 2,920 1,965 
Se”... uU Gee 1,549 2,162 2,072 1,350 3 1,100 
Apparent consumption, excluding stock variations: 

ER Argentina. . = 3 x 6 59 117 r 93 r 110 3100 
Belgium-Luxembourg. .....................- 2 44 r 64 55 3 55 
China (mainland) -2-2-2-2 1,050 1,050 1,050 1,250 1,300 
Germany, West- -2-2-2-2 4,992 6,280 r 5,480 4,420 5,630 
Italy... e ERN 10 15 42 120. L2: 
Korea, North 33333 .ꝑ 3, 500 3, 500 3, 500 3, 500 3, 500 
Netherlands 79 319 574 r 286 284 
eee ß r 3,230 2,720 r 3,445 r 2,825 32,900 
ö§öêĩê⁵— j ¹ʃ?ẽ1 ˙ͤ ⁵ ::.. 8 1 299 r 181 170 3 150 
Jae a 12,000 12,000 12,000 13,600 13,750 
AXUgOBIHVIR oL l3 GL y Se et 850 e 198 1222 3125 

TOtal. e ee, r 58,417 760,634 765,441 58,729 56,661 
e Estimate. P Preliminary. r Revised. 


! In addition, the following countries are known or believed to consume tungsten but specific data are not 
available: Brazil, Bulgaria, Chile, Czechoslovakia, Denmark, Finland, Germany (East), Hungary, India, 
srael, Norway, Republic of South Africa, Rumania, Switzerland. 


2 Apparent consumption. 
s Estimated by author of chapter. 


mending to the Committee on Tungsten 
the enlargement of the group from eight 
to 12 countries. Because the suggested ex- 
panded membership of the Working Group 
would include all the major producing and 
consuming countries who are U.N. mem- 
bers, the group would be more responsive 
to activities concerning tungsten. Thus, the 
. desires of the major governments interested 
in tungsten could be discussed in the ab- 
sence of full committee meetings. 


Algeria.—Exploration of the Laoumi 
tungsten deposit, located about 45 miles 
southeast of Tamaurassa, was conducted 
during the year under a jointly sponsored 
Algerian-U.S.S.R. development fund. 


Argentina.—Tungsten ore deposits con- 
tinued to be worked, almost entirely for 
exports, in the provinces of Cordoba, Rio 
Negro, and San Luis. At yearend the 
country’s commercial tungsten reserves 
were estimated to total 643,000 tons. 


Australia.—The country’s growing tung- 
sten production continued to come from 
three operations; two were byproduct 
operations located in Tasmania and one 
was a scheelite mine located on King 
Island. Australia is estimated to have from 


38 to 40 million pounds, tungsten content, 
of economically minable reserves. Explora- 
tion by King Island Scheelite (1947) Ltd. 
revealed additional reserves of almost 3 
million tons averaging 0.53 percent WOg. 
These reserves were located about 2 miles 
from the present open pit operation. 

Endurance Mining Corp. evaluated its 
scheelite deposit about 20 miles from 
Tamworth in New South Wales. Prelimi- 
nary drilling indicated the presence of 
minable grade material containing between 
0.8 and 1.44 percent WOs. 

A detailed evaluation of recent develop- 
ments in Australian tungsten recovery oper- 
ations was published during the year which 
described the flowsheets, extractive metal- 
lurgical operations, equipment, and re- 
agents employed.? 

The Australian Tariff Board was con- 
sulted by the Minister for Trade and 
Industry to determine whether assistance, 
in the form of tariffs, should be accorded 
to Australian tungsten carbide producers 
and, if so, what the nature and extent of 
this assistance should be. In previous years 


. $ Woodcock, J. T. Ore Dressing Developments 
in Australia, 1967. Australian Mining, Mel- 
bourne, Australia, v. 60, No. 7, July 15, 1968, 
pp. 46-91. 
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the United States has been a significant 
supplier of tungsten carbide to Australia. 

Titan Manufacturing Co. Pty. Ltd., a 
wholly owned subsidiary of Broken Hill 
Pty. Co. Ltd., operates the country’s major 
tungsten carbide plant at Newcastle, New 
South Wales. 


Canada.—Canada Tungsten Mining 
Corp. Ltd. (CTMC), the country’s only 
tungsten producer, resumed full-scale pro- 
duction of high-grade scheelite at its mine 
and mill at Tungsten (formerly Flat 
River), Northwest Territories, following 
reconstruction of the mill and crusher 
house which had been destroyed by fire in 
December 1966. During reconstruction, 
the mill capacity was increased to 350 tons 
per day to handle the increased produc- 
tion anticipated in the future. 

Mine production totaled 180,000 short 
tons units of WOs as mining was confined 
to the summer months. A total of 116,558 
tons of ore containing an average of 1.98 
percent WOs was treated at the new con- 
centrator during the year, giving an overall 
scheelite recovery of 77.74 percent. Output 
fell during the last quarter of the year 
when ore feed having a hardness greater 
than anticipated was encountered. To rec- 
tify this problem a secondary ball mill was 
installed in the grinding circuit in De- 
cember. At yearend reserves of tungsten 
ore in place were estimated at 813,893 tons 
averaging 1.61 percent WOs. Stockpiled 
ore totaled 105,119 tons averaging 1.81 
percent WOs. 

Operation of the company's leach plant 
in North Vancouver, British Columbia, 
began again in January when material 
from the mine site was available and raw 
concentrate was upgraded from an average 
of 31 percent WOs to 68 percent WO3 by 
acid dissolution of contained calcite. 

Driling and geological examination of 
high-grade tungsten ore in the Jennings 
Lake area of British Columbia, about 75 
miles southwest of Watson Lake, Yukon 
Territory, revealed sufficient ore to warrant 
the development of an open-pit mine by 
Spartan Exploration Ltd. Burnt Hill Tung- 
sten & Metallurgical Ltd., Montreal, con- 
tinued exploration of its tungsten property 
in York County, New Brunswick, and late 
in the year entered into a cooperative 
agreement with Stalco (The Steel Company 
of Canada Ltd.) whereby the latter would 
provide financial backing for development 
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work and construction of a mill if the 
existence of a commercial tungsten ore 
deposit is established. Under this agreement 
all resulting production would be marketed 
exclusively by Stalco. 


China, mainland.—While no official pub- 
lished information is available on the tung- 
sten industry of mainland China, it was 
estimated that the country's reserves and 
resources total more than 13 billion pounds, 
tungsten content. About 70 percent of the 
country's tungsten ore production comes 
from large deposits in Kiangsi Province 
which are believed to average about 1.1 
percent WOs. Although some of the de- 
posits in this area were once reported to be 
the richest in the world, most of the high- 
grade material is believed to have been 
mined. About 25 percent of the country's 
output was produced in the provinces of 
Huran and Kwantung. Although tungsten 
deposits are known to exist in the provinces 
of Hopei, Fukien, and Kwangsi, the output 
was believed to be low. Because of lack of 
mechanization, it was estimated that some 
60,000 to 80,000 workers were employed 
in the tungsten mines, primarily as miners 
and hand sorters. The tungsten ores are 
treated at metallurgical processing works 
in Kan-chou, Nan-chang, and Chy-chou. 

About 7 to 10 percent of the country's 
tungsten production was believed to be 
consumed domestically. The remainder, in 
the form of high-grade (66 to 68 percent 
WOs) wolfram concentrate, was believed 
to be exported primarily to other Com- 
munist Bloc (Eastern European) countries, 
and to a lesser extent, to some Western 
European countries and Japan. 

Two grades of tungsten concentrate re- 
portedly are recovered from  wolframite 
ores; Grade 1 contains a maximum of 0.2 
percent tin, while Grade 2 contains a 
maximum of 1.5 percent tin. Although 
China also reportedly produces two grades 
of scheelite concentrate, the impurities, 
primary molybdenum, are high and ex- 
tremely variable making this material gen- 
erally unacceptable in world markets. 


France.—Development of the scheelite 
deposit at Salau, in southern France, con- 
tinued as an access road to the site was 


Western Miner. Canada Tungsten Resumes 
Operations. V. 40, No. 12, December 1967, 
pp. 46-47. 

5 Canada Tungsten Mining Corp. Ltd. Annual 
g Port 1968. Toronto, Canada, Mar. 28, 1969, 

pp. 
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completed and construction of the process- 
ing plant was initiated. Production from 
this mine will be marketed by Omnium 
des Mines, the major shareholder. 


Germany, West.—Effective July 1, 1968, 
the activities of Ciba Rare Metals, a divi- 
sion of Ciba Ltd., Basle, Switzerland, were 
transferred to the West German metal 
processing firm, Hermann C. Starck, Berlin. 
Products of the former Ciba Rare Metals 
Division will continue to be manufactured 
at the plant in Basle. 


India.—The four producing tungsten 
mines, at Rewat Hill, Nagpur district, 
Rajasthan; at Agargaon, Nagpur district, 
Maharashtra; at Kalimati, Singhbhum dis- 
trict, Bihar; and at Chhendapathar, 
Bankura district, West Bengal, were de- 
scribed? An evaluation of methods of 
producing ferrotungsten and tungsten pow- 
der from domestic tungsten concentrates 
indicated that aluminothermic reduction 
with a wolframite to aluminum powder 
ratio of 2.85 to 1 gave the best yield of 
ferrotungsten.'? 


Korea, North.—While no official infor- 
mation was available on the North Korean 
tungsten industry, reserves are believed to 
total some 250 million pounds, tungsten 
content, and annual production is estimated 
to be 4.7 million pounds of contained tung- 
sten. The average grade of this ore re- 
portedly ranges from 1.0 to 1.5 percent 
WOs and the deposits are believed to be 
a continuation of some of the deposits in 
mainland China. North Korea is believed 
to consume from 60 to 80 percent of its 
domestic output in production of ferro- 


tungsten for use in specialty steel manu- 
facture. 


Korea, South.—Korea Tungsten Mining 
Co. Ltd. (KTMC), continued the deep 
shaft sinking project initiated at the Sang- 
dong mine in 1967. Ore reserves now total 
16 million tons averaging 0.7 percent WOs, 
0.06 percent molybdenum disulfide, and 
0.05 percent bismuth. Capacity of the 
gravity-flotation beneficiation plant was ex- 
panded from 1,200 to 1,800 tons per day. 
The Seoul Refinery of KTMC processed 
the concentrate and produced ferrotungsten, 
ferromolybdenum, bismuth subnitrate, and 
bismuth metal for export. 


Poland.—It has been reported that 
Poland, which usually obtains much of its 
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tungsten from mainland China, was able to 
obtain only about 20 percent of its needs 
at the recent Canton Fairs. 


Portugal.—Following the 20-percent in- 
crease in production of tungsten concen- 
trates achieved in the second quarter at 
the Panasqueira mine of Beralt Tin & 
Wolfram Ltd., the company announced 
that it would increase production again 
by a further 50 percent late in 1970. This 
would bring Portugal to an annual produc- 
tion level of about 2,000 tons. 


Sweden.—A new research center for the 
evaluation of tungsten carbide products 
was recently opened at the Sandvik Steel 
Works’ Coromant division in Stockholm. 
This new research center has been designed 
to serve as a pilot plant for the group’s 
International development plans. Produc- 
tion of tungsten carbides by Sandvik ex- 
ceeds 1,000 tons per year and is greater 
than all the rest of European production 
combined. | 

Fagersta Bruks a.-b. is investing $13 
million in tungsten carbide development. 
About two-thirds of the money will be 
used on research, development, and manu- 
facture of carbide products at a new plant 
at Fagesta. The remainder will be used to 
expand the firm's Seco factory at Arboga 
and to acquire Uddeholm's carbide produc- 
tion facilities at Stockholm. 

The development of Sweden's advanced 
position in the field of tungsten carbide 
production was discussed.” 


Turkey.—The Rasih ve Ihsan Madenclik 
Limited announced that it was seeking 
foreign assistance in drilling and evaluating 
the tungsten deposits at Akdag (Yozgat) 
and in the Nigde area. If the deposits prove 
to be commercial, a flotation and recovery 
mill will be constructed to process the ores. 


U.S.S.R.—As in the previous year, the 
Soviet Union is believed to have continued 


? DeKate, Y. G. Production of Tungsten Ore 
in India. The Eastern Metals Review (Calcutta, 
India), Annual Number, Feb. 5, 1968, pp. 35-37. 

10 Dutta, R. A., and J. Bhattacheryya. Ferro- 
tungsten and Tungsten Powder From Indian 
Wolframite Concentrate. J. Mines, Metals & 
Fuels (Calcutta, India), v. 16, No. 10, October 
1968, pp. 373-875. 

n Rossander, Bror. New Swedish Developments 
in Tungsten Carbide Tipped Integral Drill Rods. 
World Mining, v. 4, No. 10, September 1968, 
pp. 56-57. 


1116 


to be a net importer of tungsten concen- 
trate in 1968. While domestic production 
continued to come from large modern facili- 
ties in the northern Caucasus, reports from 
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trading sources indicated that Chinese 
tungsten may have been imported through 
Czechoslovakia. 


TECHNOLOGY 


Interest in the extractive metallurgy and 
high-temperature applications of tungsten 
continued during the year. In one Bureau 
of Mines study, a solvent extraction pro- 
cedure was developed to obtained concen- 
trated samples for the determination of 
metallic trace elements in tungsten.” A 
two-phase molten halide-silicate technique 
was developed by the Bureau of Mines 
for recovering tungstic oxide (WOgz) 
from scheelite (CaWO4) and wolframite 
(Fe, Mn) WO4] concentrate which indi- 
cated that the halide phase extracted over 
99 percent of the WOs while the lower 
silicate phase retained about 90 percent of 
the calcium, iron, or mangenese oxide.“ 

Methods of converting WOCI4 to pure 
WClg suitable for conversion to tungsten 
metal were also investigated by the Bureau 
of Mines.“ Conversions of more than 95 
percent was achieved with the reagents 
chlorine, COCle, and CCla, at 800? C. 

When a low degree of supersaturation 
was maintained, hydrogen reduction of 
tungsten, hexachloride (WClg) tempera- 
tures between 2,700” C and 3,300° C in 
vacuum yielded a small quantity of tung- 
sten whiskers.” Direct measurements of 3 
to 4 million psi (pounds per square inch) 
were obtained for the ultimate strength of 
individual tungsten whiskers averaging 3 
to 4 microns in diameter. This compares 
with strengths of 300,000 to 400,000 psi 
for 13-micron-diameter commercial fila- 
ments.” Additional research on tungsten 
was published in the following reported 
release during the year." 

A technical progress review of tungsten 
alloy development, irradiation effects, 
methods of fabrication, oxidation and corro- 
sion resistance, and coating studies of tung- 
sten was conducted for the Atomic Energy 
Commission (AEC) with special emphasis 
on high-temperature reactor material ap- 
plications.” 

A considerable interest in methods of 
preparing dense coherent deposits of tung- 
sten and tungsten alloys by vapor deposi- 
tion was indicated by the number of various 
reports issued on the subject.” 


A comprehensive review of solid lubricant 
technology was published which discussed 
the relative merits of tungsten disulfide 
(WS2) and tungsten diselenide (WSe2) as 
new solid film lubricants.” 

The state of technology of tungsten-base 
refractory alloys was evaluated and physi- 
cal and mechanical properties, liquid-metal 
corrosion resistance, high-temperature ap- 
plications and technology, and alloy devel- 
opment programs were reviewed.” 


12 Green, Thomas E. Extraction of 8-hydroxy 
quinoline Complexes of Trace Elements From 
Tungsten Solutions. BuMines Rept. of Inv. 7072, 
February 1968, 17 pp 

13 Gomes, John M., Kenji Uchida, and Don H. 
Baker, Jr. A High-Temperature, Two-Phase 
Extraction Technique for Tungsten Minerals. 
BuMines Rept. of Inv. 7106, April 1968, 13 pp. 

14 Henderson, A. W., D. H. Yee, and F. 
Block. Conversion of Tungsten Oxychloride to 
Tungsten Hexachloride. BuMines Rept. of Inv. 
7152, 1968, 14 pp. 

15 Starliper, A. G., and H. Kenworthy. Tung- 
sten Whiskers by Vapor-Phase Growth. BuMines 
Rept. of Inv. 7118, 1968, 13 pp. 

16 Starliper, A. G., and H. Kenworthy. Applica- 
tion for Filiform Tungsten To Reinforce Metals. 
BuMines Rept. of Inv. 7130, May 1968, 18 pp. 

17 Acherman, W. L., J. P. Carter, and David 
Schlain. Corrosion Properties of the TZM and 
Molybdenum-30 Tungsten Alloys..BuMines Rept. 
of Inv. 7169, August 1968, 23 pp. 

Bureau of Mines. Bureau of Mines Research 
on the Analysis of High-Purity Tungsten. Inf. 
Cir. 8397, October 1968, 10 pp. 

18Simons, E. M., S. W. Porembka., Jr. and 
D. L. Keller, Reactor Materials. Battelle Memo- 
rial Inst., Columbus, Ohio, v. 11, Nos. 1-4, 1968, 
283 pp. 

19 Donaldson, J. G., F. W. Hoertel, and A. A. 
Cochran. Preliminary Study of Vapor Deposition 
of Rhenium and Rhenium-Tungsten. J. Less- 
Common Metals, Amsterdam, the Netherlands, 
v. 14, No. 1, January 1968, pp. 93-101. 

Macklin, Buford A. Research on Vapor Plating 
From Organometallic Compounds. General Tech- 
nologies Corp., Reston, Va., AFML-TR-68-9 
(U.S. Air Force Contract No. AF 33 (616)- 
5324), February 1968, 66 pp. 

Mehalchick, Emil J., and Martin B. MacInnis. 
Preparation of Vapor-Deposited Tungsten at 
Atomospheric Pressure. Electrochem. Technol., 
E 5 Nos. 1-2, January-February 1968, pp. 

20 Campbell, Mahlon E. Solid Lubrication Tech- 
nology: A Review. Mech. Eng., v. 90, No. 2, 
February 1968, pp. 28-36. 

21 Machlin, Irving. Symposium on Metallurgy 
and "Technology of Refractory Metal Alloys: 
A-State-of-the-Art Review. J. Metals, v. 20, 
No. 9, September 1968, pp. 21-25. 

Machlin, Irving, R. T. Begley, and E. D. 
Weisert (eds.). Refractory Metal Alloys—Metal- 
lurgy and Technology. Plenum Press, New York, 
1968, 491 pp. 
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Uranium 


By Richard F. Stevens, Ir. 


To meet the increasing demand for ura- 
nium in nuclear electric power stations the 
domestic uranium industry experienced a 
strong resurgence during 1968. This re- 
surgence was evidenced by the significant 
increase in uranium exploration and devel- 
opment drilling which doubled that of 
1967, attaining a record high of 23.8 mil- 
lion feet; a 22 percent increase in mine 
production; and a 35 percent rise in mill 
production. The most significant develop- 
ment in 1968 was in the quantity of 
processed uranium concentrate sold to 
private industry which increased by a 
factor of over seven to 5,000 tons uranium 
oxide (UaOsg). A review and projection of 
nuclear generating capacity published by 
the Organization for Economic Co-Opera- 
tion and Development (OECD) indicated 
that free world capacity could total 383,000 
megawatts by the year 1985. 


Legislation and Government Regulations. 
—Early in 1969 the U.S. Atomic Energy 
Commission (AEC) announced its inten- 
tion to reduce the amount of UgOg to be 
acquired through the "stretchout" procure- 
ment program which will expire on De- 
cember 31, 1970, by not more than 4,000 
tons of UsgOsg. In addition, an announce- 
ment of the Commission's supply policies 


and related activities, including toll enrich- 
ment, was published.“ 

Late in the year the Labor Department 
issued revised allowable radiation standards 
for uranium mining which specified that 
exposure to radon-daughter products shall 
not exceed 2 working-level months (WLM) 
in any consecutive 3-month period and no 
more than 4 WLM in any consecutive 
12-month period.“ A working-level month 
was defined as the exposure received by a 
worker breathing air containing the equiva- 
lent of 100 picocuries of radon-222 per 
liter of air for 44% weeks of 40 hours each. 

Additional regulations were issued by 
the AEC and the Department of Trans- 
portation covering the shipment of radio- 
active materials and the requirements for 
semiannual reports of private inventories 
of radioactive material. 


1 Physical scientist, Division of Mineral Studies. 

2U.S. Atomic Energy Commission. Uranium 
„ Contracts. 34 F. R. 645, Jan. 16, 

s U.S. Atomic Energy Commission. Uranium: 
Supply Policies and Related Activities. 33 F. R. 
12756, Aug. 16, 1968. 

4 U.S. Department of Labor. Part 50—Safety 
and Health Standards for Federal Supply Con- 
tracts: Radiation Standards for Mining. 33 F.R. 
19947, Dec. 28, 1968. 

5U.S. Atomic Energy Commission. Special 
Nuclear Material Status and Transfer Reports. 
33 F.R. 9388, June 27, 1968. 

U.S. Department of "Transportation. Radio- 
active Materials and Other Miscellaneous Amend- 
ments, 33 F.R. 14918, Oct. 4, 1968. 


Table 1.—Salient uranium statistics 


(Short tons) 
1964 1965 1966 1967 1968 
United States: 
Mine ore shipments. ...... 5,359, 653 4, 385, 995 4,952,651 5,276,038 6,446,829 
Concentrate (U Os con- 
tent): 
AEC procurement 11,847 10,442 9,487 8,425 7,838 
Private industry sales 100 700 5, 000 
Imports: Concentrate 
(OU gei... 5, 756 2,986 2,128 1,809 470 
Free world: Production 
FDC r 26,204 r 20, 589 r 19,620 18,978 P 22,844 
* Estimate. P Preliminary. * Revised. 
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In 1968 AEC approved agreements with 
Colorado and Idaho under which these 
States assume part of the regulatory author- 
ity for private use of atomic energy mate- 
rials within their borders. This brought to 
19 the total of States with which similar 
agreements exist. Others are Alabama, 
Arizona, Arkansas, California, Florida, 
Kansas, Kentucky, Louisiana, Mississippi, 
Nebraska, New Hampshire, New York, 
North Carolina, Oregon, Tennessee, Texas, 
and Washington. In addition, 24 States and 
Puerto Rico have passed enabling legisla- 
tion which will provide for the assumption 
of this responsibility. 

In 1968 the Congressional Joint Com- 
mittee on Atomic Energy (JCAE) held 
and reported on public hearings in which 
the atomic energy program was reviewed." 

A study on competition in the nuclear 
power industry was prepared for the AEC 
and the Department of Justice to provide 
background and economic data on the 
nuclear industry for use in preparing in- 
dustry guidelines and Government actions.’ 
This comprehensive study reviewed the 
present state of nuclear technology, pro- 
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jected uranium requirements, and the eco- 
nomics involved in all phases of the ura- 
nium power supply system. 

As a result of preliminary studies on 
separating palladium, rhodium, and tech- 
netium from fission waste products, the 
AEC requested expressions of interest from 
the domestic industry on recovering these 
materials from waste fission products gen- 
erated in the Hanford (Wash.) reactors.“ 
The Commission also requested expressions 
of interest regarding the private operation 
of the shutdown Redox chemical process- 
ing facility at Hanford.’ 

A complete list and brief review of all 
the AEC rules and regulations which be- 
came effective or which were proposed and 
published in the Federal Register during 
1968 was reported in the Commission’s 
annual report.“ 

The AEC issued a revised report on 
procedures for packaging, measuring, and 
transferring uranium hexafluoride as part 
of its continual review to bring these pro- 
cedures in phase with developing agree- 
ments for the supply of uranium enriched 
with uranium-235." 


DOMESTIC PRODUCTION 


Mine and Mill Production.—Approxi- 
mately 320 mining operations in eight 
States produced almost 6.5 million tons of 
uranium ore during the year, 22 percent 
more than was produced by some 300 
operations in 1967. New Mexico continued 
to lead in production and accounted for 
51 percent of the total recoverable ura- 
nium, followed by Wyoming with 25 per- 
cent, Colorado with 11 percent, and Utah 
with 7 percent. Next in order were Texas, 
Arizona, South Dakota, and North Dakota. 

Uranium ores were processed at 16 mills 
during the year and concentrate containing 
7,338 tons of UsaOsg was shipped to the 
AEC from 13 of these mills. This com- 
pared with 8,425 tons shipped from 16 
mills in 1967. 

Substantial quantities of uranium were 
processed for private industry during the 
year as slightly over 5,000 tons of UsOs 
was sold in 1968 compared with an esti- 
mated 700 tons in 1967. Sales to private 
industry, which represented about 40 per- 
cent of mill production in 1968, will in- 
crease both in volume and relative percent- 
age as uranium is processed for the rapidly 


growing nuclear-fueled electrical utilities 
and as the AEC terminates its uranium 
procurement program. 

During the year, 12 companies operating 
13 mills supplied uranium concentrate to 
the AEC under *"stretchout" contracts. 
However, two of these companies, each 


9 Joint Committee on Atomic Energy. Atomic 
Energy Legislation Through 90th Congress, 2d 
Session, U.S. Government Printing Office, De- 
cember 1968, 370 pp. 

. International Agreements for Coopera- 
tion—1967-68. U.S. Government Printing Office, 
1969, 467 pp. 

. Licensing and Regulation of Nuclear 
Reactors. U.S. Government aoe Office, 1968, 
pt. 1, 448 pp.; pt. 2, 555 p 

. Participation by Small Electrical Utili- 
ties in N uclear Power. U.S. Government Print- 
ing Office, 1968, pt. 1, 757 pp.; pt. 2, 624 pp. 

7 Arthur D. Little, Inc. Competition in the 
Nuclear Power Supply Industry (NYO-3853-1). 
U.S. Government Printing Office, December 
1968, 430 pp. 

s U. S. Atomic Energy SC Press Re- 
lease L-252, Oct. 31, 1968, 

.S. Atomic Energy Commission. Press Re- 
E L-238, Oct. 9, 1968, 

10 U.S. Atomic Energy Commission: Annual 
Report to Congress for 1968. January 1969, 
pp. 303-306. 

11 U.S. Atomic Energy Commission. Uranium 
Hexafluoride: Handling Procedures & Container 
8 ORO-651, Revision 2, November 1968, 

pp. 
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Table 2.—Uranium mine and mill production in 1968, by States 


Ore shipped 

State Short Value 

tons (thou- 

sands) 
izona....................- 44,171 $1,396 
Colorado 654,917 11,472 
New Mexico 8,166,498 47,352 
AOT MES tial enh 386, 7,148 
Wyoming JFF 1,836,889 21,471 
Other States I.. 58,171 4,657 
Net.. 88 6,446,829 93, 496 


Percent 


Recoverable U30; Concentrate 

content purchased by AEC 
umber ——n 

Thou- Value of mills U;O0s Cost 

sand (thou- thousand (thou- 

pounds sands) pounds sands) 
0.37 295 $1,928 ...... .....-  .....-. 
22 2,706 20,009 4 1,564 $12,514 
.20 12,282 95,144 4 8,600 68,801 
23 1,712 13, 175 1 1,323 10, 582 
.17 5,928 44,848 5 $8,184 24, 699 
18 1,217 8, 103 2 54 430 
„19 24,140 182,697 16 14,675 117,026 


1 Ore shipments: North Dakota, South Dakota, and Texas, Mills: South Dakota 1 and Texas 1. Concentrates: 


South Dakota and Texas. 


Table 3.—Uranium ore-processing plants, December 31, 1968 


State and company 


Colorado: 
American Metal Climax, Ine. 
Cotter Gorp OAE EROTA TREND A NE 
Union Carbide Cord 


New Mexico: 
The Anaconda Company. ..................- 
Foote Mineral Col 0-22-02- 
Kerr-McGee Cord 
United Nuclear-Homestake Partners (formerly 
Homestake-Sapin Partners). 
South Dakota: Mines Development, Inc........... 
Texas: Susquehanna-Western, Ine 
Utah: Atlas Corp.ʒee 7d 
Wyoming: 
Federal-American Partners (formerly Federal- 
Radorock-Gas Hills Partners). 
Petrotomics Co.·ꝛ·d:!·d w 
Union Carbide Cord 
Construction & Mining Co............. 
Western Nuclear, Ine. 


Tons U-. O. 
deliverable to 
Plant location AEC under 
contracts 

FY 1969-70 
Grand Junction 
Canon it wowkeWadace 
Rifjl coc stu E EL ) 1,866 

Lë KN, WEEN 
Blue water 1,500 
heen s owe 8 4 
Grants- -osason ces wed ales 2,267 
3% WWA 23,333 
Edgemont...............:....... 14 
Palle Ct x 

Ä ³·¹¹i» ⁰˙¹¹wa 598 
Gas His ... . ........... 850 
Shirley Basin 
Gas Hill... cc weeks men 879 
r ð K OHIO MM 934 
Jeffrey Citṽvv: . . . . . . .. ........ 655 
2 Ue A us apus uum s 11,806 


1 Foote discontinued operation of the Shiprock mill in July 1968, and the plant was placed on “stand-by” 
2 Includes 1,637 tons under contract to United Nuclear Corp., which is treated in the United Nuclear- 


Homestake Partners mill under a toll agreement. 


3 At yearend the mill was not operating because of a fire which closed the plant late in the year. 
Source: U.S. Atomic Energy Commission, Division of Raw Materials. 


operating a mill, processed material pri- 
marily for outside sales to private industry. 
These companies, Mines Development, Inc., 
and Susquehanna-Western Inc. have con- 
tracts to deliver a total of 20 tons of UgOg 
to AEC in fiscal year (FY) 1969. With the 
completion of these contracts both com- 
panies will process uranium concentrate 
exclusively for outside sales. 


Of the 16 mills which were in operation 
at the beginning of 1968, only 13 were in 
operation at yearend. In July the Shiprock, 
N. Mex., uranium-vanadium mill of the 
Foote Mineral Co. was shut down and 
placed on “standby” as a result of the 
decline in availability of high-grade ores 
and the increased costs of sulfuric acid 
and other raw materials. Two other mills, 
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those operated by Petrotomics Co. and 
Atlas Corp., were closed late in the year by 
fires which destroyed the kerosine portions 
of the solvent extraction circuits. The 
Petrotomics mill will reportedly operate at 
a capacity of about 500 tons per day until 
repairs and expansion are completed. 
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In addition to the 16 mills which oper- 


ated during 1968 private industry an- 


nounced plans to further increase the 
Capacity at three mills and to construct 
five additional uranium processing mills, 
as indicated: 


Company Location Capacity, Startup 
tons per 
MILL EXPANSION 
Kerr-McGee Corp Ambrosia Lake, N. Mex............ 6,000 1968 
Petrotomics C Oo Shirley Basin, Jo 1,500 1969 
Susquehanna-Western, Ine Falls City, Tex.................... 600 1968 
NEW MILLS 

Kerr-McGee Cord South Powder River Basin, Wyo.... 1,000-3,000 1971 
Rio Algom Mines, Ltd Moab, Utah. ` gg 600 1972-73 
Susquehanna- Western, Inc............ South-central Tenn 1,000-2,000 1970 
United Nuclear Cord Gallup, N. Mex................... 2,000 1970 
Utah Construction & Mining Co Shirley Basin, Wyo...............- 1,500 1970 


Kerr-McGee Corp., the largest domestic 
uranium producer began developing its 
seventh underground uranium mine in the 
Ambrosia Lake area near Grants, N. .Mex. 
Both this mine and the sixth, which was 
started in 1967, were expected to be com- 
pleted in 1969 and to begin production 
in 1970. The development of an eighth 
mine is scheduled for 1969 and planning 
is underway for two additional mines. 

The Canadian firm, Rio Algom Mines 
Ltd., Toronto, announced that it will sup- 
ply 3 million pounds of Ua3Os to the Duke 
Power Co. of Charlotte, N.C., over a 6- 
year period from its Humeca property near 
Moab, Utah, which is scheduled to begin 
production in early 1972. 

Kerr-McGee is currently expanding the 
capacity of its Cimarron Uranium Fuels 
Plant by sixfold. This plant located north 
of Oklahoma City, Okla. converts uranium 
hexafluoride (UFg) to uranium dioxide 
(UO) fuel pellets by the ammonium 
diuranate (ADU) process.” 


Refining and Enrichment.—Production 
of enriched uranium continued at a re- 
duced rate at all three of AEC’s gaseous 
diffusion plants (Oak Ridge, Tenn., 
Paducah, Ky., and Portsmouth, Ohio) as 
the level of electrical power usage was 
further reduced to a total of 2,215 electri- 
cal megawatts (Mwe) at midyear. At Oak 
Ridge the power usage was reduced by 


350 Mwe to 500 Mwe, at Paducah by 25 
Mwe to 1,215 Mwe, and at Portsmouth by 
200 Mwe to 500 Mwe. The “B” reactor at 
Hanford, Wash., the world's first plutonium 
production reactor, was shut down and 
placed on standby' status on February 
12, 1968, after 24 years of operation. On 
February 18, 1968, the 14 year old “L” 
plutonium production reactor at the Savan- 
nah River (S.C.) Plant was placed on 
"standby." Of the seven remaining produc- 
tion reactors which are continuing to pro- 
duce weapons-grade plutonium, four (in- 
cluding the duel-purpose “N” reactor) are 
located at Hanford and three are at 
Savannah River. These production reactors 
also continued to produce significant quan- 
tities of nondefense plutonium, uranium- 
233, special isotopes, and radioisotopes. 
While the AEC has announced plans to 
shut down another production reactor at 
Hanford early in 1969, the Commission 
indicated that increased efficiency and pro- 
ductivity at the remaining six production 
reactors would be sufficient to provide all 
of the weapons-grade plutonium which will 
be required. The uranium hexafluoride 
(UFg) plant at Paducah, Ky., placed on 


ig Kerr-McGee Corp. Annual Report 1968, 
pp. 

Prescott, James H. ADU Process Is Big Con- 
tender in Race To Meet Nuclear Power’s Fuel 
Needs. Chem. Eng., v. 75, No. 10, May 6, 1968, 
pp. 146-148. 
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“standby” in 1964, was reactivated on Au- 
gust 1 to produce additional UFg feed for 
the three gaseous diffusion plants. This 
material will be used by the diffusion plants 
to supplement UFg normally received from 
toll enrichment customers. Because the 
enrichment stage of the uranium fuel proc- 
essing cycle is the only area which remains 
completely under Government control, 
much discussion has been conducted on 
the possibility of turning this stage over 
to private ownership. The Commission re- 
leased a report which included information, 
much of which had previously been classi- 
fied, on the physical features, operating 
requirements, economics, potential improve- 
ments, and capabilities of each of the three 
enrichment plants.“ Also included were 
estimated cost data for the construction of 
new gaseous diffusion enrichment plants. 

During the year, Allied Chemical Corp., 
Metropolis, Ill., continued as the only com- 
mercial plant for converting uranium con- 
centrate (UaOg) to UFs, the feed material 
required in gaseous diffusion plants for the 
production of uranium enriched in Ura- 
nium-235. Although the plant was not 
operated in 1968, expansion continued and 
construction of the 10,000-ton-per-day facil- 
ity is scheduled to be completed and begin 
startup by the end of 1969. Kerr-McGee 
began construction of the country's second 
privately owned UFg conversion plant east 
of Gore, Okla., during the year. This plant, 
designated the Sequoyah facility, will go 
onstream in 1970 with a capacity of 5,000 
to 10,000 tons annually. 

During the year Kerr-McGee signed the 
first domestic uranium toll enrichment con- 
tract with the AEC under which the AEC 
provides enrichment of privately owned 
Fs feed material. Under this agreement, 
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a total of 114 tons of enriched uranium 
containing from 1.6 to 3.05 percent ura- 
nium-235 will be supplied between June 
1, 1969, and December 1, 1973. 

The AEC’s feed materials plant at 
Fernald, Ohio, operated by the National 
Lead Co. of Ohio, continued to refine 
uranium concentrates and fabricate ura- 
nium fuel elements during the year. 

Private industry also announced the con- 
struction and operation of facilities for the 
processing and storage of radioactive pluto- 
nium as follows: 


Cap- Start- 
Company Location acity, up 
gallons 
PLUTONIUM FUELS PROCESSING 
FACILITIES 
Kerr-McGee Corp. Adjacent to 1969 
company’s 
Cimarron 
Uranium 
Fuels Proc- 
essing Plant, 
Oklahoma 
Westinghouse Cheswick, ~~ ..... 1968 
Electric Corp. Pa. 
PLUTONIUM STORAGE FACILITY 
Western Construc- West Valley, 2,600 1969 
tion Corp. N.Y. 


Heavy Water.—Although heavy water 
production at the Commission’s Savannah 
River Plant increased slightly over that of 
1967, sales continued to exceed production 
and the difference was obtained from AEC 
stocks. Because projected requirements for 
the next several years exceed the available 
supply, sales will continue to be made on a 
*First-come, first-served,” basis. 

Several comprehensive reviews were 
published which evaluated the current 
and projected uranium  supply-demand 
situation.“ 


CONSUMPTION AND USES 


As opposed to previous years when essen- 
tially all uranium production went into the 
AEC stockpile, only 60 percent of 1968 


13 U. S. Atomic Energy Commission. AEC Gas- 
eous Diffusion Plants Operations. 2 Ridge, 
Tenn., ORO-658, February 1968, 45 p 

Press Release K-146, June" 14, 1968, 


3 pp. 


M Carthew, Douglas. Uranium Update—Ex- 
ploding Demand Sparks a Rush To Develop 
New Reserves. Eng. and Min. J., v. 169, No. 12, 
December 1968, 67-71. 

The Chase Manhattan Bank, N.A. Outlook for 
Energy in the United States. New York, October 
1968, 60 pp. 


mill production went to the AEC while 


the remainder was shipped to private 
industry. 


The ae for Uranium. New York, 
March 1969, 23 p 

Electrical World. 14th Annual Nuclear Report. 
V. 171, No. 15, Apr. 14, 1969, pp. 77-89. 

Federal Reserve Bank of Kansas City. Ura- 
nium: A New Commercial Energy Source. 
Monthly Review, Kansas City, Mo., April 1968, 
pp. 3-9. 

Sherman, John T. Uranium-Annual Survey 
and Outlook. Eng. and Min. J., v. 170, No. 3, 
March 1969, pp. 104-108. 

Westinghouse Electric Co. Nuclear Fuel. Pitts- 
burgh, Pa., 1968, 47 pp. 
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Weapons and Explosive Applications.—- 
Production of weapons-grade plutonium 
continued in the graphite-moderated re- 
actors at Hanford and in the heavy water- 
moderated reactors at Savannah River at a 
slightly reduced rate. Only three under- 
ground nuclear-explosion tests were con- 
ducted under the Plowshare Program dur- 
ing the year. The preliminary results of 
Project Gasbuggy, the nuclear-explosion 
conducted in late 1967 and designed to 
stimulate the flow of natural gas in a tight 
rock formation were released." A report on 
the geological effects of Project Gnome, 
another previous underground nuclear ex- 
plosion in the Plowshare Program was 
issued.“ 

A review of the Plowshare Program was 
issued during the year following legislative 
hearings on the subject.“ 
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Civilian Reactors.—The trend by electric 
utilities toward nuclear powerplant installa- 
tions continued during the year, but at a 
decreased rate as plans were announced 
for the construction of only 13 nuclear 
power reactors, a 55-percent decrease from 
the high reported in 1967. Table 5 lists all 
the central-station nuclear powerplants 
which were in operation, under construc- 
tion, or planned at yearend. Since these 
light-water reactor-types require from 0.6 


15 U. S. Atomic Energy Commission. Press Re- 
lease L-111, May 31, 1968, pp. 
Press Release L-186, Aug. 8, 1968, 


. Press Release L-247, Oct. 23, 1968, 


3 pp. 
2 


pp 
16 Gard, Leonard M. Geological Studies, Project 
Gnome, Eddy County, New Mexico. U.S. Geol. 
Survey Prof. Paper 589, 1968, 33 pp. 

17 Joint Committee on Atomic Energy. Com- 
mercial Plowshare Services. U.S. Government 
Printing Office, 1968, 444 pp. 


Table 4.—Underground nuclear detonations, 1968 


Name 


Plowshare (peaceful uses) series: 


ues sy J ͤ y eG TELE ua IRR PLN EE 


Defense-related detonations: 
Crosstie series (January—June): 


Hüp mobile 0E. 


Rickey )))) 8E 


Chateaugay 5 
Bowline series (July-December): 


Ming TEE 
5 Seah cit Ny Ng s s T 8 


Date Yield ! 
Mh TES Jan. 26 2.5 kiloton 
„ Mar. 12 5 kilotons. 
. Sept. 17 Low intermediate 
33 Dee. 8 35 kilotons. 
Se Jan. 18 Low. 
5 Jan. 19 Low intermediate. 
„„ Jan. 19 Intermediate. 
m Feb. 12 Low intermediate. 
NATURE Feb. 29 Low. 
NS Mar. 14 Do. 
EORR E: Mar. 22 Low intermediate. 
5 Mar. 25 Low. 
„ Apr. 10 Low intermediate. 
55 Apr. 18 Do. 
En Apr. 23 Low. 
—— Apr. 26 Low megaton. 
3 May 17 Low intermediate. 
US June 6 Low. 
MEE June 15 Low intermediate. 
ere June 28 Do. 
EE July 30 Low 
ERES Aug. 28 Low. 
3 Aug. 29 Low intermediate. 
5 Sept. 6 Do. 
. Sept. 12 Low. 
COD Sept. 24 Low. 
NS SS Oct. 3 Low. 
5 Nov. 4 Low intermediate. 
5 Nov. 15 OW 
AL Nov. 20 Low 
EROS Nov. 22 Low 
DOLES Dec. 12 Low. 
e Dec. 19 Low megaton. 


1 Low yield, less than 20 kilotons low intermediate yield, 20 to 200 kt; intermediate yield, 200 kt to 1 mega- 
ton (mt); and low megaton yield, 1 to several mt. 1 kt is equivalent to 1,000 tons of TN T. 
2 In the Buggy experiment 5 nuclear explosives, each with a yield of 1 kt, were placed in a row and detonated 


simultaneously. 


s Central Nevada calibration test at Hot Creek Valley, Nev., supplemental test area. 
4 Department of Defense (DOD) test conducted with AEC laboratory assistance. 
5 Conducted in the Pahute Mesa area of the Nevada Test Site (NTS). 


6 Joint AEC-DOD Velva detection experiment. 


Source: U.S. Atomic Energy Commission. Annual Report to the Congress—1968. January 1969, pp. 192- 


202, 301. 
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to 0.9 ton UsOg per Mw of electrical 
capacity (Mwe) for initial charge, the 
domestic demand for uranium can readily 
be estimated. After a few years of opera- 
tion, additional uranium requirements of 
from 0.11 to 0.20 ton of U3Og per Mw-year 
of operation will have to be considered. 

An updated survey conducted by the 
AEC which reflected the fuel supply situa- 
tion at the beginning of 1969 is indicated 
in table 6. These increased commitments 
represent material primarily scheduled for 
delivery in 1972 or later. 
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Brief descriptions and highlights of some 
of the major reactors are listed below.” 
1. Water reactors: 

The Connecticut Yankee Atomic Power 
Plant started commercial operation on Jan- 
uary 1, 1968, and produced over 3.5 billion 
kilowatt-hours during the year. 

The 430-Mwe pressurized water San 
Onofre Nuclear Generating Station, San 
Clemente, Calif., was shutdown for 6 
months during 1968 as a result of a fire in 


18 U.S. Atomic Energy Commission. Press Re- 
lease M-118, May 20, 1969, 12 pp. 
19 Pages 84-96 of work cited in footnote 10. 


Table 5.—Principal domestic civilian nuclear power reactors 


Electrical Initial 
Reactor Location capacity, criti- 
megawatts cality 
(M we) 
OPERABLE 
Shippingport Atomic Power Station Shippingport, fa 90 1957 
Dresden Nuclear Power Station, Unit 11 Morris, III 200 1959 
Yankee Nuclear Power Station. Rowe, Mass 175 1960 
PE Rock Point Nuclear Plant: ..................- Big Rock Point, Mich... 70 1962 
Elk River Reaetor -------------------------- Elk River, Minn....... 22 1962 
Indian Point Station, Unit 11111. Indian Point, N.Y...... 265 1962 
Enrico Fermi Atomic Power Plant Lagoona Beach, Mich... 61 1963 
Humbolt Bay Power Plant, Unit 3. Eureka, Cali 69 1963 
Peach Bottom Atomic Power Station, Unit 11 Peach Bottom, Pa. ` 40 1966 
San Onofre Nuclear Generating Station San Clemente, Calif... 430 1967 
LaCrosse Boiling Water Reactor- ----------------- Genoa, Wiss. 50 1967 
Connecticut Yankee Atomic Power Plant Haddam Neck, Conn... 462 1967 
Total operable capacity. ----~------------------  ------------------ eee 1,934 
UNDER CONSTRUCTION 
Oyster Creek Nuclear Power Plant, Unit 1......... Toms River, N. J. 515 1969 
Nine Mile Point Nuclear Station Seriba, N.Y............ 500 1969 
Dresden Nuclear Power Stations, Units 2 and 3. Morris, DI... 1,430 1969 
Robert Emmett Ginna Nuclear Power Station Ontario, N. F 420 1969 
Millstone Nuclear Power Station, Unit 11111 Waterford, Conn 652 1969 
Indian Point Station, Unit 222 Indian Point, N.Y...... 878 1970 
H. B. Robinson S. E. Plant, Unit 22 Hartsville, S.C. ........ 663 1970 
Palisades Nuclear Power Station, Unit 11 South Haven, Mich..... 700 1970 
Quad-Cities Station, Units 1 and 2................ Cordova, Ill........... 1,430 1970-71 
Browns Ferry Nuclear Power Plant, Units 1, 2, and 3. Decatur, Ala 8,194 1970-72 
Turkey Point Station, Units 3 and 4 Turkey Point, Fla...... 1,303 1970-72 
Monticello Nuclear Generating Plant.............. Monticello, Minn....... 472 1970 
Peach Bottom Atomic Power Station, Units 2 and 3. Peach Bottom, Pa. 2,130 1970-72 
Point Beach Nuclear Plant, Units 1 and 2 Two Creeks, Wiss 909 1970-71 
Surry Power Station, Units 1 and ꝶ22222 -------- Gravel Neck, Va 1,566 1970-71 
Oconee Nuclear Station, Units 1, 2 and 3333 Seneca, S.C. ........... 2,523 1970-78 
Vermont Yankee Generating Station... Vernon, Vit.. 514 1971 
Three Mile Island Station . Goldsboro, III 813 1971 
Diablo Canyon Nuclear Power Plant Diablo Canyon, Calif... 813 1971 
Fort Calhoun Station, Unit 1....................- Fort Calhoun, Nebr.... 457 1971 
Pilgrim Station Plymouth, Mass 625 1971 
Salem Nuclear Generating Station, Units 1 and 2.... Salem, N.J............ 2,100 1971-72 
Fort St. Vrain Nuclear Generating Station Platteville, Colo 830 1971 
Cooper Nuclear Station. ---.--------------------- Brownville, Nebr....... 778 
deep Island Nuclear Generating Plant, Units 1 Red Wing, Minn....... 1,060 1972-74 
and 2. 
Maine Yankee Atomic Power Plant... Wiscasset, Maine 790 1972 
Kewaunee Nuclear Power Plant Carlton, Wiss 527 1972 
Crystal River Plant, Unit 333 Red Level, Fla 826 1972 
Zion Station, Units 1 and ze Zion; Ill: 2,100 1972-78 
Rancho Seco Nuclear Generating Station, Unit 1. Clay Station, Calif. ` 800 1978 
Total under construction „„ 31,812 


See footnotes at end of table. 
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Table 5.—Principal domestic civilian nuclear power reactors—Continued 


Electrical Initial 
Reactor Location capacity criti- 
megawatts  cality 
Mwe) 
PLANNED 

Indian Point Station, Unit 33. Indian Point, N.Y...... 965 1972 
Calvert Cliffs Nuclear Power Plant, Units 1 and 2... Lusby, Md............ 1,600 1972-73 
Donald C. Cook Plant, Units 1 and 222222 Bridgman, Mich........ 2,114 1972-73 
Brunswick Steam Electric Plant, Units 1 and 2 Southport, N.C........- 1,642 1972-78 
Oyster Creek Nuclear Plant, Unit 2...............- Toms River, N. J. 815 1972 
Malibu Nuclear Plant, Unit 11111. Corral Canyon, Calif... 462 1973 
Bailly 5 Station Dunes, Acres, Ind 515 1973 
Bell Station- auno ee ewe ose eee Lansing, N.Y..........- 838 1973 
Beaver Valley Power Station, Unit 1............... Shippingport, fa 783 1973 
Edwin I. Hatch Nuclear Plant, Unit 1............. Baxley, Ga 786 1973 
Consolidated Edison Co., and Orange & Rockland New York............. 1,115 1973 

Utilities, Inc. 
Hutchinson Island, Unit 11111. Fort Pierce, Fla 800 1973 
Sequoyah Nuclear "Power Plant, Units 1 and 2 Daisy, Tenn........... 2,248 1973-74 
Duane Arnold Energy Center, Unit 11. alo, Iowa. ............- 545 1973 
James A. FitzPatrick Nuclear Power Plant......... Scriba, N. y 815 1973 
Millstone Nuclear Power Station, Unit 22 Waterford, Conn 828 1973 
North Anna Power Station, Unit 1111 Louisa County, Va 800 1974 
Trojan Satie... cues Rainier, Oreg. ......... 1,105 1974 
Seabrook Nuclear Station Seabrook, N.H........- 860 1974 
Davis-Besse Nuclear Power Station Oak Harbor, Ohio. ....- 800 1974 
Diablo Canyon Nuclear Power Station, Unit 2 Diablo Canyon, Calif... 1,070 1974 
Enrico Fermi Atomic Power Plant, Unit 22 Lagoona Beach, Mich... 1,100 1974 
Shoreham Nuclear Power Station. Brookhaven, N.Y...... 800 1975 
Carolina Power & Light Co North Carolina 821 
Philadelphia Electric Co., Units 1 and 22222 Not determined 2,180 1975-77 
Philadelphia Power & Light Co., Units 1 and 2...... %VCC HORN REOR ,104 1975-77 

Total planned... ³1wꝛäqq ³·˙ꝛ˙ůàuä ³ 50 AAA tt. 28,461 ......... 

RR EE 62,2770 


Source: Adapted from Nuclear Reactors Built, Bein 


Built, or Planned in the United States as of Dec. 31> 


1968, AEC Division of Technical Information, TID-8200 (19th Rev.) pp. 7-9. 


the 480-volt switch gear room. Following 
the completion of repairs, the plant at- 
tained criticality and resumed operation in 
September. 

The Elk River (Minn.) Reactor, which 
had operated throughout 1967, was shut 
down in February 1968 because of leakage 
from the primary reactor system. Although 
the leak source was located and repair was 
initiated, the plant remained shut down at 
yearend. 

The LaCrosse Boiling Water Reactors, 
Genoa, Wis., was shutdown in mid-1968 
because of equipment malfunctions during 
test operations. The reactor, which achieved 
criticality in July 1967, remained out of 
service until the latter part of 1968, while 
equipment repairs and modifications were 
made. Late in the year, power testing was 
resumed with completion scheduled for 
early 1969. 

The Advanced Test Reactor (ATR), at 
the National Reactor Testing Station 
(NRTS), Idaho, was tested to determine 
ATR’s design conditions of 250 thermal 
megawatts (Mwt). Full power tests are 


scheduled for 1969. The ATR is to be 
used for testing fuels and materials in a 
high neutron intensity environment (up to 
2.5 x 10* neutrons per square centimeter 
per second) and has nine independently 
adjustable testing zones for selecting a 
specific irradiation level for the materials 
to be tested. 


2. Gas-cooled reactors: 

The 40-Mwe Peach Bottom prototype 
high-temperature, gas-cooled reactor in 
Pennsylvania operated at essentially full 
power during periods of the greatest 
electrical demand. The reactor was shut- 
down from mid-January to May as required 
by AEC for examination at the end of 150 
equivalent full power days of operation. 
From May through late October the re- 
actor operated at a plant factor of about 
82 percent. However, the fission product 
level in the helium coolant rose to a level 
of 34 curies. Although well below the 
allowable radiation level, this activity in- 
dicated that at least one fuel element had 
failed. On October 23, following an addi- 
tional 150 equivalent full power days of 
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operation, the reactor was again shutdown 
for inspection and maintenance as required 
unde: ‘he AEC operating license. Examina- 
tion showed that 11 of the 804 elements 
were broken and releasing activity to the 
coolant. At yearend removal of the broken 
fuel elements was still underway, but re- 
sumption of operations was scheduled for 
early 1969. 

Construction of the Fort St. Vrain 
Nuclear Generating Station near Platte- 
ville, Colo., began during the year. This 
330-Mwe reactor was designed on the 
basis of the Peach Bottom prototype. When 
it becomes operational in 1972, this reactor 
system will be fueled with 33,000 pounds 
of thorium and 1,650 pounds of enriched 
uranium. 

The Ultra-High Temperature Reactor 
Experiment (UHTREX), Los Alamos, 
N. Mex., underwent a comprehensive series 
of reactor physics and equipment tests 
aimed at an approach to full power and 
operating temperature during the year. 
UHTREX is a 3-Mwe helium gas-cooled, 
graphite-moderated reactor which will be 
used to irradiate the types of fuel proposed 
for use in the High Temperature Gas- 
Cooled Reactor Program. Since some fission 
products are expected to be released from 
the fuel and contained in the UHTREX 
system, information will be obtained on the 
transport and deposition of fission products 
within the system and on problems of sys- 
tem maintenance. The circulating helium is 
continuously purified and fission products 
are removed and stored. This system does 
not need to be shutdown for refueling; the 
loading face can be rotated to allow fuel 
to be added to the core while the reactor is 
in operation. 


3. Breeder reactors: 

The Experimental Breeder Reactor No. 
2 (EBR-2), NRTS, Idaho, continued to be 
used as a fast flux test facility for irradiat- 
ing fuels and materials in the Liquid Metal 
Fast Breeder Reactor (LMFBR) Program. 
Operating power of the EBR-2 was in- 
creased from 45 to 50 Mwt and significant 
improvement in plant-use time was ac- 
hieved during the year. 

The Fast Flux Test Facility (FFTF) 
reactor, Richland, Wash., with a designed 
power level of 400-Mwt, is scheduled to 
become operational in 1974. The FFTF 
will become the Commission's major fuels 
and materials test irradiation facility in the 
LMFBR program and will have a fast flux 
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more than double that of any other such 
facility. This system will be gas-cooled. 

The Enrico Fermi Atomic Power Plant, 
Lagoona Beach, Mich., the Nation's first 
privately owned fast neutron breeder re- 
actor, remained shutdown during the year 
following a partial fuel meltdown. Plans 
were made to begin loading the reactor 
with new fuel by May 1969. 

On October 2, 1968, the Molten Salt 
Reactor Experiment (MSRE), Oak Ridge, 
Tenn., became the world's first reactor to 
operate on a loading of the manmade fuel 
uranium-233 which was obtained by irradia- 
tion of thorium-232. The MSRE is sched- 
uled to operate with 75 pounds of uranium- 
233 fuel at a power level of 8 Mwt to 
evaluate the practicability of molten salt 
reactors having circulating fluid fuel with 
a breeding potential, and to evaluate the 
use of thorium-uranium fuels to determine 
the technology and economics of convert- 
ing thorium to uranium-233. In addition, 
a conceptual design study of a 1,000-Mwe 
molten salt breeder reactor powerplant and 
the required fuel reprocessing facilities are 
being conducted. 

The Commission continued to investigate 
gas-cooled fast reactors and is supporting 
work on the joint East Central Nuclear 
Group-Gulf General Atomic 1,000-Mwe 
GCFR concept in which plant design is 
being conducted to provide studies on 
alternate coolants for fast breeder reactors. 

The AEC's Liquid Metal Fast Breeder 
Reactor (LMFBR) program continued dur- 
ing the year as the Program Office at 
Argonne National Laboratory, Argonne, 
Ill., prepared reports describing the LMFBR 
program plan." The LMFBR program has 
been given the highest priority by the AEC 
because of the increased efficiency and fuel 
burnup achieved in this system. In con- 
ventional nuclear power reactors less than 
| percent of the fuel is utilized while in the 
LMFBR system about 70 percent of the 
fuel would be used in the conversion of 


2 U.S. Atomic Energy Commission. Liquid 


Metal Fast Breeder Reactor Program Plan. V. 1, 
Overall Plan, WASH-1101, November 1968, 240 
pp.; v. 2, Plant Design, WASH-1102, December 
1968, 197 pp.; v. 3, Components, WASH-1103, 
December 1968, 487 pp.; v. 4, Instrumentation 
and Control] WASH-1104, November 1968, 351 
pp.: v. 5, Sodium Technology, WASH-1105, 
November 1968, 362 pp.; v. 6, Core Design, 
WASH-1106, November 1968, 333 pp.; v. 7, Fuels 
and Materials, WASH-1107, November 1968, 457 
pp.; v. 8, Fuel Recycle, WASH-1108, November 
1968, 235 pp.; v. 9, Physics, WASH-1109, De- 
cember 1968, 294 pp.; v. 10, Safety, WASH-1110, 
December 1968, 256 pp. 
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uranium to fissionable plutonium. As the 
AEC did under its former (light water) 
Power Reactor Demonstration Program the 
Commission will initiate a LMFBR Demon- 
stration Program in which AEC and in- 
dustry will share the costs incurred in the 
construction and operation of fast reactors. 

Dual Purpose Reactors.—In addition to 
the graphite-moderated “N” Reactor at 
Hanford which produced both weapons- 
grade plutonium and steam for electrical 
generation during the year, two additional 
dual-purpose reactors are planned at Mid- 
land, Mich. 


Reactor Power Start- 
(Mwe) up 
Midland Nuclear Power Plant: 
Unit]. oh eo ee 530 1973 
lf! t é 800 1974 


Military Reactors.—Of 107 nuclear- 
powered submarines authorized by Congress, 
80, including all 41 Polaris missile-launching 
types were in operation at yearend. In 
addition, 25 were under construction and 
two were planned. The aircraft carrier 
Enterprise, (eight reactors), the guided- 
missile cruiser Long Beach (two reactors), 
and the guided-missile frigates Bainbridge 
and Truxton (two reactors each) continued 
to operate without failure of the reactor 
plants during the year. The Navy’s next 
attack aircraft carrier, the Nimitz (two 
reactors), 1s currently under construction 
and when completed, will be able to oper- 
ate for 13 years without refueling its re- 
actors, which will have the highest power 
of any in the naval reactor program. An 
additional two guided-missile frigates (two 
reactors each) and a special submarine, 
the Deep Submergence Research Vehicle, 
are under construction. A Congressional 
review of the current status of U.S. nuclear 
submarines was held during the year.” 

Four nuclear reactors are currently in 
use by the Department of Defense primarily 
to supply electricity to remote locations. 


Reactor Location 


Fort Belvoir, Va. 
McMurdo Sound, 


Stationary Medium Power 
Plant No. (SM-1). 
Portable Medium Power 


Plant No. 3A (PM-3A). Antarctica. 
Stationary Medium Power Fort Greely, 

Plant No. 1A (SM-14A). Alaska. 
STURGIS Floating Nuclear Gutan Lake, Canal 

Power Plant (MH-1A). Zone. 
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In addition, seven nuclear reactors are 
currently in use as propulsion experiment 
and prototype reactors to supply informa- 
tion on the operating characteristics of 
reactor powered vessels. 


Reactor Location 
S1W Reactor Facility NRTS, Idaho. 
Large Ship Reactor Proto- Do. 


type—(2 reactors) —(AIW) 
Submarine Advanced 

Reactor Prototype (S3G) 
Small Submarine Reactor 

Prototype (S1C). 
Destroyer Reactor 

Prototype (D1G). 
National Circulation 

Test Plant (S5G). 


West Milton, N.Y. 
Windsor, Conn. 
West Milton, N.Y. 
NRTS, Idaho. 


Reactors for Export.—U.S. firms had 
contracts for 11 other reactors being built 
throughout the world and for two planned 
reactors. Locations are at Tarapur, India 
(380 Mwe); Tsuruga, Japan (310 Mwe); 
Niu, Japan (341 and 500 Mwe); Fatuba, 
Japan (440 and 784 Mwe); Benznau, 
Switzerland (350 and 350 Mwe); Zorita, 
Spain (450 Mwe); Bilbao, Spain (440 
Mwe); and Bern, Switzerland (306 Mwe). 
The planned reactors are located at Ring- 
hals, Sweden (809 Mwe), and at Lonnae, 
South Korea (500 Mwe). The reactors 
under construction are scheduled for startup 
between 1969 and 1973. 

A total of 55 test, research, and teaching 
reactors built in the United States were in 
operation throughout the free world at 
yearend, two others were being built, and 
two are planned. 


Radioisotopes.—While the AEC con- 
tinued to be principal domestic producer 
and distributor of radioisotopes, in 1968 
it withdrew from the routine production 
and sales of cobalt-60 sources having a 
specific activity of 45 curies per gram or 
less as this material became available from 
commercial suppliers. Since 1961 the AEC 
discontinued the production and sales of 
38 radioisotopes. As industry assumed in- 
creasing responsibility for routine produc- 
tion of many radioisotopes, research work 
at AEC radioisotopes production sites has 
been concentrated on the development of 
methods for producing new isotope prepa- 
rations having research importance.“ Dur- 


21 Joint Committee on Atomic Energy. Nuclear 
Submarines of Advanced Design, Part 2. U.S. 
Government Printing Office, 1968, 235 pp. 

22 U.S. Atomic Energy Commission. Research 
and Development Projects: 1968, Division of 
Isotopes Development. TID-24828, January 1969, 
843 pp. 
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ing the year phosphorus-33 and enriched 
krypton-85 were made available for in- 
dustrial research. Polonium-210, curium- 
244, plutonium-238, promethium-147, co- 
balt-60, and thulium-170 were evaluated 


Table 6.—Projected commercial uranium 
requirements and sales ' 


(Tons of U:0s) 


Projected 

Domestic sales domestic 

Year of delivery and commitments require- 
———————————— ments ? 

Annual Cumula- (cumula- 

tive tive) 

Pre-196 9 5,700 5,700 7,800 
19699 4,600 10,300 13,400 
1970. .......... 8,100 18,400 20,900 
E A erus 10,100 28,500 30,100 
1912-75 12,200 40,700 42,600 
1973 EEGEN 10,000 50,700 57,000 
19174... Se 7,900 58,600 72,000 
]975- L. tek SS 5,500 64,100 e 92,000 
197190 T8 2,200 66,300 ¢ 110,000 
1905. son 1,600 67,900 e130, 000 
197882 — 3,400 11,900 e265, 000 


* Estimate. 

! In addition to these domestic commitments, 3,600 
tons of U3Os was contracted for future delivery to 
foreign users by domestic producers. 

? Requirements each year include initial fuel for 
new reactors and makeup fuel for operating reactors, 
the latter vary from about 15 percent of total annual 
requirements in 1969 to about 60 percent in 1980. Fuel 
processing times are assumed and reactor character- 
istics supplied by reactor manufacturers are used. 
The tails assay in the uranium enrichment plants is 
taken as 0.2 percent U?*5, Plutonium recycle in ther- 
mal reactors is assumed to start in 1974, reducing 
annual UsOs requirements by about 2 percent in 1973 
to 12 percent in 1980. 
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in radioisotope fuel development studies 
during the year. 

Because systems using radioisotopes as 
sources of heat or radiation are becoming 
increasingly important in the field of 
national defense, space, communications, 
health, navigation, weather prediction, food 
sterilization, process radiation, and oceano- 
graphic research, a report on the produc- 
tion and large-scale uses of radioisotopes 
was issued.“ 

Legislative hearings were held on the 
food irradiation program and were pub- 
lished in a comprehensive document which 
thoroughly reviewed and evaluated this 
program.“ 

23 U.S. Atomic Energy Commission. Radio- 
isotopes— Production and Development of Large- 
Scale Uses. WASH Rept. 1095, May 1968, 41 pp. 

Joint Committee on Atomic Energy. Hear- 


ings on Status of the Food Irradiation Program. 
U.S. Government Printing Office, 1968, 739 pp. 


Table 7.—Heavy water (D20) activity 


(Short tons) 


196. 1965 1966 1967 1968 


Domestic production. N.. NA 186 207 206 
Domestic sales 3 4 7.3 6 8 


38.4 62. 2 

Foreign shipments 
(sales) 63 27.4 232 334 245 
Foreign leas es Ze 186 94 14.5 ... 


NA Not available. 
Source: AEC Annual Reports to Congress. 


Table 8.—Enriched uranium furnished to industry, excluding the weapons production chain 


(Pounds, uranium) 


Fiscal year 


s 


1964 1965 1966 1967 1968 
Furnished as UF 256,620 336,835 628,701 373 , 963 852,240 
Furnished in forms other than UF 4,490 3,180 11 211 139 
Total EE 261,110 340,015 628,712 374,174 852, 379 


Source: U. S. Atomic Energy Commission. The Nuclear Industry 1968. Nov. 14, 1968, p. 59. 
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Table 9.—Principal producers and fabricators of nuclear fuels 


Producer of Fabricators of 
uranium fuels uranium fuels Pluto- 
—— pium 
Company and principal location Metals, cap- 
oxides or Coated Oxides Metals ability 


com- particles 
pounds 


Aerojet-General Nucleonics, San Ramon, Calif. x 
Atomics International, Canoga Park, Calif............ ....... ....... X A 
The Babcock & Wilcox Co., nchburg, pu Mex THES J A 
Combustion Engineering, Inc., Windsor, Conn X 
General Electric Co., San Jose, ! ²˙ ll E CE X X 
Gulf General Atomic, Inc., San Diego, Calif.......... ....... X „ oll cu 
Kerr-McGee Corp., Óklahoma City, Okla. ..........- X 
M&C Nuclear, Inc., Attleboro, Mass X 
National Lead Co. Albany, IY on eee Me yt xd tior 
Nuclear Fuel Services, Erwin, Tenn X 
Nuclear Materials & Equipment Corp., Apollo, Pa..... X x 
Nuclear Metals Division, Whittaker Corp., West Con- 

cord, DT HP" "x A. | uueuszis 

X 


Source: U.S. Atomic Energy Commission. The Nuclear Industry, 1968. Nov. 14, 1968, pp. 55-57, 60. 


Table 10.—Principal suppliers of radioisotopes, radiochemicals, and 
radiopharmaceuticals during 1968 


Radioiso- Radio- Radio 
Name topes at pharma- 


Abbott Laboratories, North Chicago, III 2... ..-......- „ X 
Atomic . of America, Sun Valley, Calii kk . 
Babcock & Wilcox, Lynchburg, Va -2222an JF gaueans 
Bio- Nuclear Division of Bio-Assay Labs, Houston, "Texas s X 
Bio-Rad Laboratories, Richmond, Cat kk x 
Calbiochem, Los Angles, Cal nn eee ------ x 
Cambridge Nuclear Corp., Cambridge, Mass Ws SM PIDE 8 X x 
General Electric Co., Pleasanton, CRE c id . ek o ocn eu ciae x x DEER 
x 
x 
X 
X 


General Nuclear, Inc., Houston, Texas 
Hastings Radiochemical Works, Houston, Texas X 
International Chemical & Nuclear Corp. Burbank, Calif., INC Division, E 


City of Industry, Calif. (includes Volk Radio-chemical) FFC 
Nuclear Science Division, Pittsburgh, Pa „„ 
U.S. Nuclear Corp. Burbank, Calli eee eee eee 
Isotope Products Lab., Los Angeles, C PE una 8 Ae: weedion- asas 
Isotopes, Inc., Westwood, N.J., and Geer Md. (a Teledyne company) A ` iue 
Neutron Products, Inc., Dickerson, Ma See S.E 
New England Nuclear Corp., Boston, Masse x x 
Nuclear-Chicago Corp. Des Plaines, Til. (G. D. Searle Co.)) X 
Nuclear Consultants Corp., a Division of Mallinckrodt Chemical Works, 

SL Louis: LC EE X x X 
Nuclear Equipment Chemical Corp., Farmingdale, N. Y... .............-. ......- X A 
Schwartz Bio-Research Inc., a subsidiary of Becton, Dickinson & Co., 

Orangeburg. NJ o //ſͥͥͥ a d wasa kus X 
E. R. Squibb & Sons, New Brunswick, N. JI .. X 
Tracerlab, a Division of L. F. E. Inc., Waltham, PE: luu llac. weeds 
Union Carbide Corp., Tuxedo; ; he sedens X 


ala! 
Pd 


Source: U.S. Atomic Energy Commission. The Nuclear Industry, 1968. Nov. 14, 1968, pp. 142-143, 147. 
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PRICES AND SPECIFICATIONS 


Ore and Concentrate. Uranium proc- 
essing mills controlled about 90 percent of 
ore reserves and production. All ore pur- 
chased from small independently owned 
mines was under individually negotiated 
contracts. While ore prices were not dis- 
closed, most mines claimed to adhere to 
prices similar to those of AEC Circular 5, 
which expired in 1962, that ranged from 
$1.50 per pound of contained UgOg on 
ore grade of 0.10 to about $3.50 per pound 
on ore containing 0.20 percent UsOs or 
more. 


Throughout the year the AEC contract 
price for specification grade concentrates 
was $8 per pound of U3Og. The actual 
average price paid by AEC during the 
year was $7.97 per pound of U3Os. During 
1969 and 1970, AEC will pay $1.60 per 
pound of UgOs, plus 85 percent of the 
. allowable production costs during the prior 
6 years, subject to a maximum of $6.70 
per pound. The average AEC contract 
price for all U3Og delivered in 1969 and 
1970 is expected to be between $5.50 and 
$6 per pound. 


Prices for UgOg sales made under pri- 
vate contract are not available but for 1968 
was believed to be in the range of $5 to 
$5.50 per pound. In its reply to the AEC 
questionnaire, the private industry indi- 
cated that the average price was expected 
to rise from about $7.20 per pound of 
UsOs in 1971 to about $8 per pound in 
1974.” 


FOREIGN 


As in 1967, no uranium ores and con- 
centrates were exported during the year. 
Exports of uranium and thorium and their 
alloys, wrought or unwrought, increased 
by a factor of 12 and totaled 6,235 pounds, 
gross weight, valued at $125,686. Most of 
this material was shipped to Japan (85 
percent), Spain (8 percent), and Canada 
(5 percent). The remainder was exported 
to Sweden, the Netherlands, Belgium- 
Luxembourg, West Germany, and Israel. 
Exports of uranium and thorium com- 


pounds more than doubled during the year ` 


and totaled 113,283, pounds, gross weight, 


Refined Uranium.—Normal uranium 
metal continued to be quoted periodically 
in American Metal Market at $18 to $24 
per pound. Depleted uranium, in the form 
of UFg (67.6 percent uranium), was quoted 
at $2.50 per kilogram ($1.14 per pound) 
of contained uranium. 


Special Nuclear Materials.—Base charges 
by AEC for enriched uranium varied with 
degree of enrichment and were $4.77, 
$8.48, and $9.59 per gram of U™ content 
for 1.0, 2.0, and 5.0 percent U™ enrich- 
ment, respectively. The cost of nuclear re- 
processing charged by the AEC was $26 
per kilogram unit of separative work (a 
measure of work done, not weight). 


Heavy Water. In midyear the AEC 
sales price of heavy water was increased 
$4 to $28.50 per pound to cover the higher 
operating costs of maintenance, higher 
wage rates, and rising steam power costs. 


Plutonium.—The base price for pluto- 
nium (Pu) containing 6 to 12 percent of 
the isotope Pu” is $43 per gram.” The 
base changes for other enriched plutonium, 
as reported in the Federal Register, are 
indicated below. 


Percent Pu?“ Prices 

in plutonium per gram 
^ S E ee AUS RM $60 
ee 48 
WEEN 43 

3 cae ee a 2 Lt 42 

Os Se a te asss 60 

Eeer 70 


TRADE 


valued at $322,062. This material was ex- 
ported primarily to Indonesia (29 percent), 
West Germany (24 percent), the United 
Kingdom (17 percent), Hong Kong (12 
percent), Japan (6 percent), and Canada 
(4 percent). 

In 1968 exports of special nuclear mate- 
rials (primarily enriched uranium, pluto- 
nium, and U) decreased 35 percent to 
$28 million and were shipped to the coun- 
tries shown in table 13. The major ship- 


25 Work cited in footnote 18. 

æ U.S. Atomic Energy Commission. Plutonium 
and Uranium Enriched in U23; Changes. 33 
F.R. 15353, Oct. 16, 1968. 
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Table 12.—Exports of AEC produced nuclear materials, by countries, in calendar year 1968 
(Pounds) 


Enriched Uranium 


Country ! Less than Greater than Ura- Pluto- Heavy 
20% U2 20% U25 nium- nium water 


—I —— 233 (Pu) (D:0) 
Total U Us Total U U5 


ASOCNUING u. u E ead, tonsa, c 27 2 ³˙Ü¹¾—¹ ä AA 
lr ĩðͤ K 8 2 )))) | eet, ee K 
Ci 8 15 17;;ö;àwu 8 
U ²· AAA A ei Gs 5,051 174 266 246 2 2222-2- 8 97,557 
Denmark ee, ` aaa e, weunceecu! Quebec m ure Senere 
European Atomic Energy Com- 
munity 
Belgium (Euratom):..........- 484 JJ»öööo m (2) C MEME 
ank 12, 089 491 433 403 66 enr 
inly os See 8 27,88 1,118 78 55 8 878 
Netherlands- `. --------------- ------- 3; 2 „ Suyu Re (23) -— ------- 
West (German... 7,220 356 865 TTA 22.50%: 32 24,451 


International Atomic Energy 
Agency (IAEA): 


PUSS coe d t sc uot pun MEL D (3) ` o 
Congo (Kinshasa). ...........- 2 ũ Fm uiui: xe 
Finland e 4 )))) ͤÄ ¿ko aa ho, "rre eerte woos 
nu oa eee See. cx MIT" (Ou U" er eee 
eee uae ae 38 / ACTOR TREE V OO | .....-- 
Yugoslavia. .................- 2 /! Gece: fee, wale pie: 
OH esha Hee ese Ne x DURER 7 MOO ama eet EE 878 
RE eeh Sh tect es 389 ID ee 8 OI $ ....--- 
JRDB o ͥm ũ . a ee S 4,965 561 108 O60 safes 7 8,484 
Korea, South... ----------------- (3) JJC ²ĩ˙7-üwꝛ teet lu ĩ7˙•ͥů́ 8 
South Africa, Republic ofſf:᷑P;kk!!! !! „„ „% 6 «„ 125 
JJ ] o A m. Tine ee S Qa 1,014 )( ˙—·0ww ] ]ðéͤ e ` ð K ` ene 
JJ%J%%%%0%ö%6ĩ§.⁵odũ f ̃ ↄ⁵ↄ⁵⁰.C: é Ä ð2 8 362,274 
Seitzerland ------------------- 72,094 E1998. oet om AG k v A ae, 375 
17õöͤ§;Ü ˙« 8 4 Qo Z. le St ee eee 
United Kingdom 17,910 253 141 132 ¿us (3) 250 
Total. E 149,147 5,030 1,941 1,755 8 110 490, 771 


1 Represents country of initial destination. May not be country of final destination. 
2 Less than 14 unit. 


Source: Division of International Affairs, U.S. Atomic Energy Commission. 


Table 13.— U.S. exports of special nuclear material, by countries 


(Thousand dollars) 


Country 1964 1965 1966 1967 1968 
Argentina.. AE $80 $82 $87 __. . . . . $120 
hh sits bik eee eek 122 169 O MEINE “sayas 
Belgium- Luxembourg 1,242 8,831 2,729 8233 
Cf y 1,240 258 1, 827 349 317 
7ööô˙³C0B—D ³ð6AA.. ⅛5w»—V0ß•3⁵ Cee ate = 2, 456 4,699 4, 945 7,102 3,521 
Germany, Weste 536 16,734 23, 505 24, 524 8, 103 
CC! eA MCI Ma TERRA 7,264 
KEE EENG 8,411 574 5,727 175 4,463 
;jöĩê52t: T ³˙ AA ĩðâ s UM 195 400 212 1,314 3,038 
Netherlands- - s 1 7 1888 es 
Ä Ä Ä ↄ ˙)] ³ aaa,À)À ]”Ú”a*a*a3Dampj aie ahaa 506 J aaa, »˙¹¹ Ae fee mete 
% rr ee copie p Nena 390 236 58 71 332 
SS /ö;oOỹt ] ·¹Üüq EE ee eee See 28 8,188 
Spa E e nate 8 6l nsec 9 2988 
nited Kingdom. ---------------------------- 27 3,144 2,668 6 843 
aloe tes K 8 72 39 2 
JC ⁰³ Tu ee he Su SŠ 15,339 85,559 41,906 44,015 28,428 


! Includes plutonium, uranium-233, uranium-235, and uranium enriched in istopes U?** and U255 
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Table 14.—U.S. exports of radioactive isotopes, compounds, 
and element: n. e. c., by major countries 


(Thousand curies and thousand dollars) 


1967 1968 
Country ——— nF —äẽ — —— — 
Quantity Value Quantity Value 

Australian 11.419 397 83,084 $119 

Argenting. 2-2 ee 6,315 17 15,950 
Belgium-Luxembourg................... 14,115 293 20,667 236 
P77 222: 2 ibn eke 369 19 14,603 24 
e VE, TEE 2,948, 562 588 814,099 748 
Eeer mr ß see i cuss 45 
J... y 8 884 17 3, 786 16 
Colombia 1,308 17 4,077 21 
ENEE ee §2 1 10,420 21 
wc EE 10,025,910 157 548 , 534 830 
Germany, West. `... ---------------- ,613 394 123,151 499 
eege, Kd EE fe 192,000 4 
Indonesia 417 7 20,092 15 
Menon MT P 8 8,696 95 12,488 40 
CÜͤù 8 6,360 42 10,718 52 
MM. ͤĩ ] X“ eet a ae a 7,699 390 129,407 497 
Leer he M 8 1,262 38 12,989 124 
Netherlands CEA 4,116 53 16,704 83 
ew Zealand... .__..--.---_.....----.- 1,032 17 2,807 11 
ln d SS 111 1 1.097 22 
JJ ͤ Kd ete 51 16 534, 678 27 
77ͤõõĩ]˙ð“ͥ.üii K 691 14 5, 12 
Saudi Arabia 100, 475 7 ?!: 
SC Africa, Republic o 2,662 85 13,958 22 
ZS u ↄ ↄ ðͤ A ĩᷣ Z a at a uses a 1,260 46 14,202 54 

Sweden MEUM PERENNE mee ee EE E 2,879 49 8,187 
Switzerland.. -2-2-2 14,802 123 63,723 154 
Taivan. EE 394 14 23,942 25 
United Kingdom. ...................--- 46,600 855 80,744 848 
Venezuela. __....-__.-.---__.-.-------e 749 22 6,243 29 
Other oi. 14,881 255 94,163 816 
OCG eee ee ese eee seek 13, 843, 669 3,144 2,331, 924 8,953 


1 Includes radium, radium salts, and cobalt-60. 
Table 15.—U.S. imports for consumption of uranium oxide, by countries 


1964 1965 1966 1967 1968 


—— — . — ——— 


Country Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou - tons (thou- tons (thou- 


sands) sands) sands) sands) sands) 
Canada........ 1,890 $380,909 741 313,606 635 $11,892 106 $2,051 2 $30 
Germany, Wests 222635) 2255.26 246555. Sue d emu ` See 18 186 
sje e €———— — (1) (D. ^ ae sexes (1) „„ 
South Africa, 
Republic of... 3,866 79,798 2,245 44,497 1,488 29,394 1,045 8,146 886 3,992 
%%00öÜö§Üag ⅛ ] ðxiꝗꝓyĩy ß ã⁊ 158 2,396 64 792 


Total. 5,756 110,707 2,986 58,103 2,123 41,286 1,809 12,593 470 5,000 
1 Less than 1⁄4 unit. 


Table 16.—U.S. imports for consumption of cobalt-60, by countries 


1966 1967 1968 
Country 
Curies Value Curies Value Curies Value 
(thousands) (thousands) (thousands) 
anada EE 197,465 $791 879,575 $1,005 807, 789 $1,390 
United Kingdom 88 ! Gates. Jus. deeg 


„ puso 197 , 548 808 879,575 $1,005 807, 789 $1,390 


URANIUM 


ments, to West Germany and Switzerland, 
were enriched uranium in the form of 
UFg for fabrication abroad into reactor 
cores. 

Radioactive isotopes, compounds, and ele- 
ments (table 14) which were exported to 
77 countries during 1968 decreased sub- 
stantially in quantity (curies), but in- 
creased 26 percent in value. Exports of 
enriched uranium, uranium-233, plutonium, 
and heavy water during 1968, as reported 
by the AEC, are indicated in table 12. 

As in the previous year, no uranium 
concentrates were imported for the AEC 
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stockpile in 1968. All imports of uranium 
concentrate (table 15) during the year 
were for private industry use and came 
primarily from the Republic of South 
Africa (82 percent) and Spain (14 per- 
cent). Imports of cobalt-60 (Co") re- 
ported in table 16, more than doubled in 
quantity (curies) but increased only 38 
percent in value. 

In addition, 235 pounds of uranium com- 
pounds valued at $1,865 were imported 
from Sweden and 137 pounds of uranium 
metal valued at $1,785 were imported 
from Canada during the year. 


WORLD REVIEW 


Reports were published by the Organisa- 
tion for Economic Co-Operation and De- 
velopment (OECD) covering radioactive 
waste disposal, nuclear legislation, uranium 
production and demand, and prospects for 
nuclear energy in Western Europe." 

A world review of the status of fast- 
breeder reactors, shown in the accompany- 
ing tabulation, indicated that effective 
December 31, 1968, five reactors were 
operational, two were under construction, 
and three were in the design stage.“ 


Australia.—A detailed evaluation of re- 
cent developments in Australian uranium 
recovery operations was published during 
the year which described the extractive 
metallurgical operations, special equipment, 
and reagents employed.” 

A report on the Australian uranium sup- 
ply situation and of the Rum Jungle Ura- 


nium Project in particular was issued as 
Rum Jungle remained the country's sole ura- 


27 Organisation for Economic Co-Operation 
and Development. Illustrative Power Reactor 
Programmes: Prospects for Nuclear Energy in 
Western Europe. A report prepared by the 
European Nuclear Energy Agency, Paris, France, 
May 1968, 37 pp. 

. Legislation—Analytical Study: Nuclear 
Third Party Liability. A report prepared by the 
European Nuclear Energy Agency, Paris, France, 
1967, 78 pp. | 
. Radioactive Waste Disposal Operation 

Into the Atlantic—1967. A report prepared by 
the European Nuclear Energy Agency, Paris, 
France, September 1968, 74 pp. 

Uranium: Production and Short Term 
Demand. A joint report prepared by the Euro- 
pean Nuclear Energy Agency, Paris, France, 
and the International Atomic Energy Agency, 
Vienna, Austria, January 1969, 29 pp. 

28 Chemical Engineering. Nuclear Reactors 
Evolve Toward Fast-Breeders. V. 76, No. 3, 
Feb. 10, 1969, pp. 44-46. 

2 Woodcock, J. T. Ore Dressing Development 
in Australia, 1967. Australian Min., v. 60, No. 7, 
July 15, 1968, pp. 46-91. 


Table 17.—Free world production of uranium oxide (U3Os), by countries 


(Short tons) 

Country 1964 1966 1966 1967 1968 » 
/ ⁰·˙ Am 37 50 ee 26 NA 
///; ad es eee 370 370 330 330 330 
CBDAUR. s.l , edi uekee xii caus 7,285 4,443 r 8,932 8,738 8,700 
(ee NEE r 1,331 r 1,421 r 1,542 1,592 1,445 
Gabon EE 58 724 e 616 e 559 e 528 
Mislagasy Republic r 196 65 65 558 

!!ͤö;wð y eas r 20 42 46 e 55 NA 

South Africa, Republic off... 4,445 2,942 8,286 8,360 8,865 

EE EE r 77 r 67 66 77 77 

Pec 888 1 20 50 61 61 

United States 2j 8 11,847 10, 442 9,587 9,125 12,338 

"LOU! ——Há—————————— 8 r 26,204 720,586 * 19,520 18,978 22,944 
Estimate. v Prelimin t Revised. NA Not available. 


1 Compiled from data See July 1969. 


2 Uranium is also believed to be produced in Czechoslovakia, East Germany, West Germany, Hungary, 
India, Italy, Japan, and U.S.S.R., but production data are not available. 


ontained in uranium ore. 
* Total is of listed figures only. 
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Country and fast reactor Status as of Power Coolant Fuel 
Dec. 31, 1968 (Mwt)! 
France: 
Rapsodie. .............- Operational. 20 Sodium (Na)....... Plutonium (Pu-) 
uranium (U) 
(oxide). 
... eee e In design 600 Na o 
5 West: Na 222 (6. IM e T30 Nee Do 
Italy: FE... A ----- G02 8 116 Na.............-- UO:. 
U.S.S.R.: 
BR-2...........--.-- Operational .1 Mercury (Mg) Pu (metal). 
E 5iect ees. hee 899 5 Ng: Lees Pu (oxide). 
BOR-60.............-. .....do............ 60 o 5: c cec Pu (oxide). 
BN-350............-- Under construction... 1,000 Na..............- Pu (oxide). 
United Kingdom: 
Dounreay.............- Operational......... 60 PARI SAM U 235 (metal). 
a 
PRR ahs AA Under construction. . . 600 Naa Pu-U (oxide). 


1 Megawatts thermal. 


nium-producing area during the year.” 
Early in 1969 Australia requested the assist- 
ance of the United States in conducting 
a feasibility study on using nuclear explo- 
sives to excavate a harbor on the coast of 
Western Australia. 


Canada.—To supply the heavy water 
(D20) moderation material for the coun- 
trys CANDU type natural uranium fueled 
reactors, several D9O production plants 
were under construction. Since none of 
these plants were in operation during the 
year, the required heavy water was im- 
ported from the U.S. 

Heavy water needs have been estimated 
at 16,000 tons by 1975, more than 43,000 
tons by 1980, and over 80,000 by 1985. 

During the year Eldorado Nuclear Ltd. 
(formerly Eldorado Mining and Refining 
Ltd.) began construction of a plant for 
uranium hexafluoride (UFg) production at 
Port Hope, Ontario, which will have an 
initial capacity of 2,500 tons of UFg per 
year when the plant becomes operable in 
mid-1970.* 

Reviews of significant Canadian ura- 
nium developments were reported which 
covered the major exploration, mine and 
mill development and production activities." 


Czechoslovakia.— Czechoslovakian pro- 
duction is believed to approach 10,000 tons 
of ore per year, most of which is processed 
to concentrate (U30g) and sold to the 
U.S.S.R. for about $7.50 per pound. 


France.— Commissariat à Énergic Atomi- 
que (CEA), the French Atomic Energy 
Commission, purchased about 450 pounds 
of plutonium from Atomic Energy of 
Canada Limited (AECL) for $1.5 million. 
This material will be shipped in the form of 
irradiated fuel to Mol, Belgium, where the 
plutonium will be extracted at the chemical 
reprocessing facilities of Société Europeenne 
pour be Traitement Chimique des Combusti- 
bles Irradies (EUROCHEMIC). 

Seven reports issued by CEA, which 
described the uranium and plutonium proc- 
essing facilities, uranium mining activities, 
nuclear fuel production and enrichment 
plants, isotope separation facilities, and 


30 Stewart, J. R. Rum Jungle Uranium Project. 

South Africa Min. & Eng. J., v. 79, No. 3949, 
2, Oct. 11, 1968, pp. 844—850. 

31U.S. Embassy, Ottawa, Canada. State De- 
partment Airgram A-1284. May 16, 1968, 2 pp. 

32 Atomic Energy of Canada Limited. 1967- 
1968 5 Report. 1968, Ottawa, Canada, 
45 p 

Robertson, David S. Uranium A rca Situ- 
ation. Western Miner, v. 41, No. 9, September 
1968, pp. 22-26. 

Robertson, David S., and Richard F. Douglas. 
The Uranium Exploration Situation. Min. Cong. 
J., v. 55, No. 1, January 1969, pp. 30-33. 

Stephens, Fred S. Beaver Lodge—1968. West- 
„ V. 41, No. 9, September 1968, pp. 

Trigg, C. M. Uranium and the Beaverlodge 
District. Western Miner, v. 41, No. 9, September 
1968, pp. 42-53. 

Western Miner. The New Quirke Development. 
V. 41, No. 7, July 1968, pp. 38-56. 

Uranium. V. 42, No. 3, March 1969, 
pp. 33-36. 


Williams, R. M. Uranium. Canadian Min. J., 
v. 90, No. 2, February 1969, pp. 107-111. 


Company Plant location Capacity Start- 

tons Da year up 

Deuterium Corp. of Canada Ltd Glace Bay, Nova Scotia 400 4- 1971 
Canadian General Eleetri e .--.--------- Port Hawkesbury, N.S........ 420 1969 
Atomic Energy Canada Limited............... 1972 


imi Douglas Point, Ontario 800 


URANIUM 


Table 18.—Nuclear power reactors in the world, December 31, 1968 
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Status 
Country Operating Under Planned 
construction 
Mwe No. Mwe No. Mwe No. 

Canada.................- 225 2 5,250 999 beds 
Francgee 1,133 7 1,543 3 730 1 
Germany, West 865 7 1,440 4 900 15 
ö o» w ees 780 3 400 2 
Ir ee eech 607 3 35 1 1,450 2 
7 nena saen 170 2 2,347 5 2,350 6 
Spill 153 1 960 2 2,000 4 
Sweden 64 1 2, 525 JJ ee ee 
Switzerland .d 1,006 3 1,750 4 
U S.S Rice AA esc EE 1,525 6 198 p masma, rta 
United Kingdom 4,145 13 6,316 6 3,800 2 
United States 2,889 15 54,579 70 18,813 20 
Other... ee 118 22 4,136 38 4,136 47 

Total oe . . Su 11,894 59 80,125 120 34, 633 53 


1 Includes 3 reactors for which capacity has not yet been reported. 
2 Includes East Germany (1) and the Netherlands (1). 


14,261 
76,281 
5,704 


126,652 


3 Includes Argentina (1), Belgium (2), Bulgaria (1), Czechoslovakia (1), Hungary (2), and Pakistan (1). 
4 Includes Australia (1), Belgium (1), Finland (2), Mexico (1), Pakistan (1), and United Arab Republic (1). 
Source: Canadian Nuclear Association, Nuclear Canada, v. 8, No. 1, January 1969, pp. 12-16. 


Table 19.—Projected free world installed nuclear generating capacity 
and its breakdown by reactor type and region 


(1,000 M we) 


1970 
CONVERTERS 
Magnox type reactor: 
estern Euro : 6.8 
North Amerieſeesesesss aaa d 
Rest of free world -22222002M 2 
Total. — d ee 7.0 
Light water reactors: mE 
Western Europe 2.6 
North America 12.8 
Rest of free world. 1.2 
Total: choi ls cC LM ELLE ee ae 16.6 


Advanced gas-cooled reactors: 
estern Europe 0.9 
North America.. -2-222220 
Rest of free world. 


ADVANCED CONVERTERS 
Heavy water reactors: 


Western Europe..__.....--__...----..---------- 0.3 
North Amerien 2 
Rest of free oorid 5 

TOCA DEE 1.0 


High-temperature reactors: 
Western Europe...............-..-....22222.-222  222-2-2-2 
North Amerieg -2-2-2-2 aaaanMMnMaMMMMMM 0.1 


25.6 


Ç n 
@ | owoo 


7 
101.1 


Source: Organization for Economic Co-Operation and Development. 


1980 
Low High 
12.4 12.4 
12.6 12.6 
52.0 56.7 
110.0 155.0 
11.3 18.3 
173.3 230.0 
19.0 37.2 
1.5 2.5 
20.5 39.7 
1.4 8.4 
8.0 14.0 
4.0 5.0 
13.4 22.4 
8.1 7.9 
10.0 15.0 
13.1 22.9 
232.9 327.6 
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nuclear research centers operated by CEA, 
recently became available in English.“ 


Germany, West.—Following pilot plant 
studies of a new nozzle separation" process 
for uranium enrichment, construction of a 
full-size enrichment stage was begun and is 
scheduled for completion in 1969. Although 
the new process avoids the membrane main- 
tenance problems associated with the con- 
ventional gaseous diffusion process, the new 
process requires a much higher level of 
electrical power consumption, and is not 
believed capable of reaching the high 
enrichment levels required for the produc- 
tion of nuclear weapons. 

A detailed review of German nuclear 
energy studies reported that work on steam- 
or sodium-cooled fast breeder reactors with 
uranium-plutonium fuels was conducted at 
Karlsruhe while high-temperature, helium- 
cooled reactors fueled with uranium/tho- 
rium were evaluated at Juelich.™ 


Hungary. ' 
tween Hungary and the U.S.S.R., providing 
for the installation of two 400-Mwe light 
water nuclear reactors at a powerplant on 
the banks of the Danube River and sched- 
uled to become operational by 1975. 


India.—The Trombay Thorium Plant 
continued to supply UFg to the Bhabha 
Atomic Research Center during the year, 
as both of the 200-Mw boiling water re- 
actors at the Tarapur Atomic Power Station 
near Bombay achieved criticality. 

Uranium production from the Jaduguda 
project began during the year and is 
scheduled to reach a production level of 
1,000 tons per day. At this level the project 
will produce about 200 tons of uranium 
concentrate (UsOsg) per year. 


Netherlands. "The United Kingdom, 
West Germany, and the Netherlands en- 
tered into a cooperative agreement to build 
a pilot plant gas-centrifuge type uranium 
enrichment plant by 1972 near The Hague. 
Although the size of this plant has not been 
definitely determined, some consideration 
is being given to a demonstration plant hav- 
ing a capacity between 20 and 100 tons 
per year. One of the major attractions of 
the gas-centrifuge system is that it would 
only consume about one-tenth as much 
electricity as a comparable-sized gaseous 
diffusion plant. 
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Niger.—The French Atomic Energy 
Commission (CEA) has found substantial 
uranium deposits in the Arhlit Province 
in fine-grained sandstones similar to those 
of the Colorado Plateau. Planned exploita- 
tion of these deposits includes open-pit min- 
ing operations and a pilot plant treatment 
mill having a design capacity of about 200 
tons of uranium metal per year. Both these 


operations are scheduled for startup in 
1970.* 


Spain.—The 153-Mwe nuclear power- 
plant at Zorita, about 60 miles from 
Madrid, began operation on July 17, using 
Spanish uranium enriched in the United 
States. 

The country's only ore processing mill is 
operated by the Spanish Nuclear Energy 
Board—Junta de Energia Nuclear (JEN) 
—at Andujar. MI JEN’s nuclear fuel 
reprocessing plant at Madrid, was oper- 
ated successfully during the year giving 
Spain its first quantity of plutonium.“ 


South Africa, Republic of. 
Atomic Energy Act was amended to permit 
private ownership of uranium in the Re- 
public of South Africa the mining industry 
established a common sales organization, 
Nuclear Fuels Corporation of South Africa 
(Pty.) Ltd. (NUFCOR), to be responsible 
for processing and marketing all uranium 
produced in the country which had pre- 
viously been treated by Calcined Products 
Pty." As in the previous year, all uranium 
production was a byproduct of gold mining 
operations. Reviews of the South African 


33 Commissariat a L'Energie Atomique. Centre 


D'Etudes Nucleaires de Grenoble (Grenoble 
55 of Nuclear Studies). Paris, France, 

pp. 
The Cadarache Nuclear Research 


Center. Paris, France, 60 pp. 
. Developments & Programs. June 1967, 
Paris, France, 63 pp. 
. The Fontenay Aux on Nuclear Re- 

search Center. Paris, France, 47 p 
. The La Hague Center. Paris, France, 
1967, 39 pp. 
. The Marcoule Plutonium Production 
Center. Paris, France, 1965, 61 pp. 
. Pierrelatte Uranium Isotope Separa- 
tion Plant. Paris, France, 31 pp. 

34 U.S. Embassy, Bonn, West Germany. State 
Department. Airgram A-14. Apr. 30, 1969, 83 


pp. 

3$ Moyal, M. Uranium Find in the Niger. 
Nuclear Engr. (London), v. 13, No. 143, April 
1968, pp. 333—334. 

æ U.S. Embassy, Madrid, Spain. State Depart- 

ment. Airgram A-687. May 28, 1968, 7 pp. 

87 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 5, May 1968, p. 30. 

The South African Mining and Engineering 
Journal. Uranium. V. 79, No. 8984, June 28, ` 
1968, pp. 1642-1643. 


URANIUM 


uranium mining, milling, and fuel produc- 
tion industries indicated that considerable 
experience has been acquired in these 


fields.“ 


Sweden. — The country’s only uranium 
mining and concentration operation is 
located at Ranstad where the Aktiebolaget 
Atomenergi (a.-b. Atomenergi), the Swed- 
ish Atomic Energy Company, is consider- 
ing expanding the capacity from about 130 
tons per year to 650 to 13,000 tons of 
uranium per year.” It is expected that with 
the increased capacity and the recovery of 
byproduct mineral values the cost of ura- 
nium concentrate would decrease from the 
current rate of about $14 per pound of 
UsOs to about $5 to $8 per pound. 

Revised preditions of installed Swedish 
nuclear power indicated that the capacity 
would be 3,200 Mwe in 1970, 7,000 to 
8,000 Mwe in 1980, and 18,000 Mwe by 
1985.“ Development work on plutonium 
enriched fuel continued during 1968 and a 
pilot plant for the manufacture of nuclear 
fuel is scheduled to become operational at 
Studsvik in 1969. 
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It is anticipated that all of Sweden’s new 
reactors to be constructed and go onstream 
during the 1970’s will be of the light-water 
type and that the low enriched uranium 
requirements for these reactors will be 
obtained from foreign suppliers. 


United Kingdom.—Both the steam gen- 
erating heavy water reactor (SGHWR) at 
Winfrith and the 250-Mwe fast reactor at 
Dounreay became operational during the 
year." Reactivation of the Copenhurst dif- 
fusion plant, which had been shut down 
since 1962, was initiated during the year 
to provide enriched uranium for the coun- 
try’s growing nuclear power program. 


Yugoslavia.—Successful uranium pros- 
pecting in Slovenia resulted in the recent 
opening of two open-pit mining operations 
between Idrija and Skofja Loka at Zirov 
Vrh. These deposits are expected to pro- 
vide the fuel for Yugoslovia's first atomic 
power station which will be built in 1969 or 
1970 at Krsko, Slovenia, on the Sava River 
between Zagreb and Ljublijana. 


WORLD RESERVES 


AEC estimated domestic uranium reserves 
minable at $8 per pound of UsaOs on 
December 31, 1968, at 70 million tons of 
ore with an average grade of 0.23 percent 
or 161,000 tons of UgOs. This was an in- 
crease from that of the previous year of 6 
million tons of ore containing 13,000 tons 
of UsOs.*“# 

A recently revised review of free world 
uranium reserves indicated that as a result 
of the renewed interest in uranium, the 
known free world reserves of uranium have 
increased.“ The data from this report were 
tabulated as in table 20 for each of a series 
of price ranges and for 2 degrees of accu- 
racy in each range. “Reasonably assured 
resources’ was defined as material in known 
deposits of such grade, quantity, and con- 
figuration that it can be economically mined 
and processed under present technology 
within the given price range. “Possible 
additional resources” refers to material 


surmised to occur in unexplored extensions 
of known deposits and in undiscovered de- 
posits of known or postulated uranium dis- 
tricts which is expected to be commercially 
exploitable in the given price range. 


38 Metal Bulletin. A Metal Bulletin Special Issue: 
South Africa. Summer 1968, 97-99. 

The South African Mining and Engineering 
Journal Nuclear Development in South Africa. 
MN No. 3956, pt. 2, Nov. 29, 1968, pp. 1271- 


Union . "HE (South Africa). An- 
nual Report 1968, 

SE GE of Mines. Mineral Trade Notes. V. 

10 No, March 1969, pp. 19-20. 

a.-b. SEET Press Bulletin. No. 4, June 
4, 1969, Stockholm, Sweden, 6 pp. 

41 United Kingdom Atomic Energy Authority. 
14th Annual Report and Accounts, 1967-68. 
London, July 24, 1968, 125 pp. 

42 Page 26 of work cited in footnote 10. 

13 Organisation for Economic Co-Operation and 
Development. Uranium Resources — Revised Esti- 
mates. A Joint Report of the European Nuclear 
Energy Agency, Paris, France, and the Inter- 
national Atomic Energy Agency, Vienna, Aus- 
tria, December 1967, 25 pp. 
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Table 20.—Free-world estimated resources of uranium 
(Thousand short tons, UsOs) 


Price ranges per pound of UsOs Less than $10 $10 to $15 $15 to $30 

Reason- Possible Reason- Possible Reason- Possible 

Country ably additional ably additional ably additional 

assured resources assured resources assured resources 

resources resources resources 
F%%!õõù˙Ü˙1 J v “ose NA 15 NA ˖ eier 
Argentina. -.--.----------------------------- 9 21 11 32 15 73 
Aut l u. vore PSeSSE Re ss sS 11 8 8 1 1 NA 
Canüdl ul u L uu JS Du Se ie E 200 290 130 170 100 800 
Congo (Kinshasa) 6 NA NA NA NA NA 
Denmark (Greenland)....................-..- NA NA 5 NA NA NA 
F.. ³ðüAA ͤ y y medium e 45 20 5 10 NA NA 
Gabón- n . 4 4 NA NA NA NA 
Indii- Lu S k . x ee NA NA 3 1 24 61 
%%%Ǵ!/F.ſͥ(ö˙ĩͤ Z Dest TS 2 NA 110 NA 120 NA 
DODO ¿sc us . ees NA NA 4 NA NA NA 
Morocco 6 NA 11 NA 8 NA 
///· ( ml uda i ed 12 13 13 NA NA NA 
. y aaaea 10 7 NA 12 NA 10 
South Africa, Republic of zzz. 205 15 65 35 55 70 
Ce e cusses 11 NA 4 30 15 250 
%% EE NA NA 350 50 150 200 
United States: 

Conventional deposits 180 325 100 200 100 440 
Byproduct of phosphate operations 120 25 50 100 ....... 
Othepe -. ne zu cuu a en pa cuu n E 5 20 6 NA NA NA 
. ³Ü1Üͤ1·w-ww-»»̊·̃ ( 826 743 770 556 588 1,404 


NA Not available. 

1 Byproduct of zirconium, titanium and other minerals operations. 
2 Byproduct of phosphate operations. 

3 Byproduct of gold operations. 

* Includes Turkey, West Germany, and Yugoslavia. 


TECHNOLOGY 


A revised text on current methods of 
locating, identifying, and mining uranium 
mineral deposits was prepared by the 
Bureau of Mines.“ Bureau of Mines metal- 
lurgists evaluated newly developed methods 
of ion exchange (IX) uranium extractive 
metallurgy which indicated that specifica- 
tion-grade uranium concentrate could be 
efficiently recovered from copper waste 
dump leaching solutions for less than $8 per 
pound UsOs by a combination of ion ex- 
change resin and solvent extraction of 
liquid ion exchange techniques." A joint 
study was conducted by the Bureau and 
Kennecott Copper Corp. to evaluate this 
system of countercurrent ion exchange on 
a pilot plant scale. 

Investigations of the physical, mechani- 
cal, and irradiation properties of uranium 
and related nuclear materials were re- 
viewed in quarterly reports prepared for 
the AEC.“ Other periodic reports in this 
Technical Progress Review series covering 
the areas of power reactors, fuel-processing, 
isotopes, radiation, and nuclear safety con- 
tinued to evaluate the latest findings in 
these areas." A review of fundamental, 


basic, and applied research programs con- 
ducted for the AEC was also reported.“ 
Reports prepared by the Geological 
Survey (USGS) on behalf of the AEC 
evaluated the effects of nuclear explosives 
and radioactive waste disposal on river and 
ground-water tables, and of airborne radio- 
activity measurements as an aid to map- 


44 Bureau of Mines. Prospecting and Explor- 
ing for Radioactive Minerals: Supplement to 
Facts Concerning Uranium Exploration and 
Production. Inf. Cire. 8396, 1968, 36 pp. 

15 George, D. R., J. R. Ross, and J. D. Prater. 
Byproduct Uranium Recovered with New Ion 
Exchange Techniques. Mining Engineering, v. 
20, No. 1, January 1968, pp. 73-77. 

# Simmonds, E. M., S. W. Porembka, Jr., and 
D. L. Keller. Reactor Materials. U.S. Govern- 
ment Printing Office, vol. II, Nos. 1-4, 1968, 
283 pp. 

47 Argonne National Laboratory. Reactor and 
Fuel-Processing Technology. U.S. Government 
Printing Office, v. II, Nos. 1-4, 1968, 238 pp. 

Baker, P. S, A. F. Rupp, and Associates. 
Isotopes and Radiation Technology. U.S. Govern- 
ment Printing Office, v. 5, Nos. 1-4, 1968, 


Cottrell, W. B., W. H. Jordan, and J. P. 
Blakely. Nuclear Safety. U.S. Government Print- 
ing Office, v. 9, Nos. 1-6, 1968, 556 pp. 

18 U.S. Atomic Energy Commission. Funda- 
mental Nuclear Energy Research—1968. January 
1969, 368 pp. 
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ping.” A comprehensive report on uranium 
resource evaluation was conducted for the 
AEC Division of Raw Materials at Grand 
Junction, Colo.” Further studies of the 
geology of New Mexico indicated appreci- 
able uranium mineralization in the Burro 
Mountains.“ 

Cladding and structural material require- 
ments for fast-breeder reactors and for 
plutonium-fueled reactors were reviewed.“ 

Two comprehensive reviews evaluated the 
embrittlement effects on structural and 
cladding materials caused by neutron 
irradiation. 

The joint AEC-NASA nuclear rocket 
program, continued to evaluate nuclear 
rockets to provide the basic technology for 
development of a nuclear stage for a space 
vehicle. Because a nuclear propelled rocket 
has significant advantages over a chemical 
propellant rocket, especially for deep-space 
shots to Mars and beyond, interest in 
the AEC-NASA nuclear rocket program 
continued.™ 

Special heat absorbing cermet control 
rods have been developed by Douglas 
United Nuclear, Inc. (DUN), Richland, 
Wash., which may eliminate the need to 
cool reactor control rods. The dysprosium 
oxide-nickel (DyzOgNi) cermet which 
absorbs neutrons readily can withstand the 


49 Carrigan, P. H. Jr. Radioactive Waste Dilu- 
tion in the Clinch River, Eastern Tennessee: 
Transport of Radionuclides by Streams. U.S. 
Geol. Survey Prof. Paper 433-G, 1968, 9 pp. 

Piper, Arthur M. Potential Applications of 
Nuclear Explosives in Development and Manage- 
ment of Water Resources—Preliminary Canvass 
of the Ground-Water Environment. U.S. Geol. 
Survey, TEI-873, 1968, 173 pp. 

Pitkin, James A. Airborne Measurements of 
Terrestrial Radioactivity as an Aid to Geologic 
Mapping: Geophysical Field Investigations. U.S. 
Geol. Survey Prof. Paper 516-F, 1968, 29 pp. 


50 EXE a N. H., A. L. Lange, R. P. Farquhar, 
and I. H. Derman. Resource Evaluation and 
Geologic Data Processing Systems for Sedi- 
mentary Host Rocks of Uranium Ore. Stanford 
Research Inst., Menlo Park, Calif., AEC Con- 
tract AT-(04-3)—-115, Sept. 25, 1968, 382 pp. 


51 Gillerman, Elliot. Uranium Mineralization 
in the Burro Mountains, New Mexico. Econ. 
Geol., v. 68, No. 3, May 1968, pp. 239-246. 

52 Allio, R. J., and J. B. Roll. Plutonium Fuels 
Technology. J. Metals, v. 20, No. 2, February 
1968, pp. 14-18. 

Kangilaski, Mihkel, and Richard A. Wullaert. 
Cladding Materials for Nuclear Reactor Fuel. 
Battelle Tech. Rev., Columbus, Ohio, v. 17, No. 
8, March 1968, pp. 21-27. 

53 Kangilaski, M. The Effects of Neutron Radi- 
ation on Structural Materials. Clearinghouse for 
Federal Scientific and Technical Information, 
SPE nance. Va. June 80, 1967, 245 pp. N 68- 
16876. 
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heat of a reactor core without change in 
size due to temperature or the effect of 
extended neutron irradiation. 


A review of nuclear fuels for the 19708 
concluded that for some years to come the 
heavy water-moderated, natural uranium 
reactors (Canadian CANDU type) will 
offer the lowest fueling cost and highest 
uranium utilization in those countries which 
are unable to obtain enriched uranium for 
their nuclear fuel.” 

The manmade element californium-252 
(ef). an intense neutron emitter became 
available in extremely limited quantities 
during the year for use in locating mineral 
and oil deposits as well as ground-water 
sources.“ The sale price of cf^? would be 
$450 billion per pound if a pound were 
available. The AEC’s quoted price for the 
purchase of this radioactive element is $100 
for one-tenth of a microgram (one-ten- 
millionth of a gram). 

Because of its promise for producing both 
the electrical power and the water required 
throughout the world, the evaluation of 
nuclear desalinization plants continued.” 

Reviews of the application of radio- 
isotopes in the chemical processing industry 
indicated that the future for these materials 
was limited only by the requirements of 
safety associated with their radioactivity." 


Younger, Charles L., and Gilbert N. Wrights. 

ffect of 1020 Neutron-Per-Square-Centimeter 
Irradiation on Embrittlement of Polycrystaline 
Tungsten. Clearinghouse for Federal Scientific 
and Technical Information, Springfield, Va., 
July 1968, 57 pp. 

54 Rom, Frank E. Nuclear Rocket Propulsion. 
Clearinghouse for Federal Scientific and Techni- 
cal Information, Springfield, Va., NASA TM 
X-1685, November 1968, 37 pp. 

U.S. Atomic Energy Commission/National 
Aeronautics and Space Administration. Joint 
News Release L-166, July 19, 1968, 2 pp. Pages 
155-161 of work cited in footnote 11. 

55 Fortune, R. F. Nuclear Fuels for the 70's. 
cb (Montreal, Canada), v. 51, No. 5, May 1968, 

pp. 

5 U.S. Atomic Energy Commission. 
Release L-182, Aug. 6, 1968, 4 pp. 

Press Release S—38-68, Oct. 22, 1968, 
Oct. 22, 1968, 


. Press Release 8-40-68, 


"CE dent Week. Ahead? Transuranium by the 
Ton. V. 102, No. 6, Feb. 6, 1968, p. 49. 

Pages 4 and 39—42 of work cited in footnote 10. 

57 Atomic Energy Commission/U.S. Department 
of the Interior. Joint Press Release L—234. Oct. 
1, 1968, 2 pp. 

Starmer, R., and F. Lowes. Nuclear Desalting. 
Future Trends and Today's Costs. Chem. Eng., 
v. 75, No. 19, Sept. 9, 1968, pp. 127-142. 

55 Baker, Philip S. Radioisotopes in Chemical 
Processes. Chem. Eng., v. 75, No. 6, Mar. 11, 
1968, pp. 179—186. 

Lamade, Wanda. Chemical to Nuclear. Ag. 
Chem., v. 28, No. 5, May 1968, pp. 18-20. 
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Shipments of spent fuel elements, a rela- 
tively minor economic step in the nuclear 
fuel cycle, are subject to the most stringent 
regulations to protect the public from ex- 
cess radioactivity. The problems associated 
with these shipping containers, including 
special design, construction, and radiation 
shielding, were reviewed.” 

As a result of the strict AEC regulations 
limiting the concentration of radionuclides 
in liquid effluents from uranium mill wastes, 
special methods have been developed to 
stabilize the tailings piles and to pro- 
vide for the disposal of liquid and solid 
wastes primarily as precipitated salts.” 
Another method of disposing of radioactive 
wastes has been developed as part of the 
Waste Solidification Engineering Prototype 
(WSEP) program conducted by Battelle- 
Northwest, Richland, Wash., in which the 
wastes are converted into a compact glassy 
form and cast into steel pots.“ In addition, 
two other methods of nuclear waste dis- 
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posal, spray solidification and pot solidifica- 
tion, are being evaluated. 

In the chemical extraction of polonium- 
210, a considerable amount of contaminated 
waste is generated which is discarded as an 
acid waste solution that is neutralized, 
packed in drums, and buried.“ 

The use of nuclear irradiation to treat 
sewage and industrial wastes is being evalu- 
ated by the Metropolitan Sanitary District 
of Greater Chicago as a method to cope 
with the ever-increasing amounts of sewage 
which are a result of rapidly growing 
population and industrial facilities. 


5? Rollins, Jack D., and Elmer C. Lusk. Ship- 
ping Containers for Irradiated Reactor F'uels. 
Battelle Tech. Rev., Columbus, Ohio, v. 17, No. 
8, August 1968, pp. 9-15. 

60 Beverly, R. G. Unique Disposal Methods are 
Required for Uranium Mill Waste. Min. Eng., 
v. 20, No. 6, June 1968, pp. 52-56. 

61 Chemical Week. V. 101, No. 24, Dec. 9, 
1967, p. 77. 

62 Althoff, Robert F. Isotope-Extraction Process 
Copes With Radioactive Waste. Chem. Eng. 
v. 75, No. 6, Mar. 11, 1968, pp. 150-152. 
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Vanadium 


By Gilbert 


As indicated by price, demand for vana- 
dium was under the control of supply and 
the vanadium shortage was over. Some 
occasional rumblings to the contrary appear 
to have resulted from momentary problems 
of individual suppliers or consumers—a 
matter of distribution and timing. All this 
was in the environment of no Government 
sales for the second year in succession. 
Both demand and domestic production con- 
tinued at high levels. Imports of ferro- 
vanadium were more than those of any 


L. DeHuff ! 


previous year. Exports continued to de- 
cline but still exceeded total vanadium 
imported. 


Legislation and Government Programs. 
There were no sales or offerings of sur- 
plus Government vanadium stocks in 1968. 
As of December 31, 1968, the national 
stockpile inventory was unchanged from 
that of a year earlier—5,609 short tons 
of vanadium with 1,200 tons of this quan- 
tity in ferrovanadium and the remainder 
contained in vanadium pentoxide. 


Table 1.—Salient vanadium statistics 


(Short tons of contained vanadium) 


1964 1965 1966 1967 1968 
United States: 
uction: 
Ore and concentrate: 
overable vanadium !........ 4,862 5,22 5,166 4,963 6,483 
Value thousands.. $138,061 $18,284 $22,210 $21,331 $23,148 
Vanadium pentoxide recovered...... 5,049 6,16 6,496 5,92 6,149 
Consumption 3, 550 4,708 6,481 r 5,245 5,495 
Exports: 
Ferrovanadium and other vanadium 
alloying materials (gross weight)... 108 220 482 851 278 
Vanadium ores, concentrate, oxides, 
and vangdeates 1,281 928 886 788 468 
Imports (general): 
Ferrovanadium (gross weight) 466 51 8 14 621 
Ore and concentrate 1115 72 42 31 
World: Production 8, 573 9, 834 10, 029 10, 509 12, 562 


1 Measured by receipts of uranium and vanadium ores and concentrates at mills, plus vanadium recovered 
from ferrophosphorus derived from domestic phosphate rock. 


DOMESTIC PRODUCTION 


Although production began from the 
Wilson Springs, Ark., deposit of Union 
Carbide Corp., and vanadium continued 
to be recovered from  ferrophosphorus, 
western uranium-vanadium ores were 
again the principal domestic source of 
supply. Some fly ash, boiler scrapings, oil 
residues, spent catalysts, and imported 
. vanadiferous slags, were included in the 
feed at western processing plants. 


Four mills recovered vanadium from 
domestic uranium-vanadium and vanadium 
uranium ores: American Metal Climax, 
Inc., Grand Junction, Colo.; Atlas Min- 
erals, Division of Atlas Corp., Moab, Utah; 
Foote Mineral Co., Shiprock, N. Mex; 
and Union Carbide Corp., Rifle, Colo. In 
June, Foote Mineral Co. closed its Ship- 


1Physical scientist, Division of Mineral Studies. 
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rock mill and transferred mine leases to 
American Metal Climax for operation on 
a royalty basis. A fire on Christmas Day 
at the Moab plant of Atlas Corp. was 
expected to put that facility out of produc- 
tion for a good portion of 1969. 
Kerr-McGee Corp., Soda Springs, Ida. 
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increased its recovery of vanadium from 
ferrophosphorus. However, Vitro Minerals 
& Chemical Co. Division, Vitro Corpora- 
tion of America, Salt Lake City, Utah, 
recovered vanadium from ferrophosphorus 
only until July 7 when the plant closed for 
the remainder of the year. 


Table 2.—Recoverable vanadium of domestic origin 
produced in the United States, by States 
(Short tons of contained vanadium) 


1964 

Colorado 8,312 
tah. cds EE 40 

Arizona and other States 11... 645 

TC aE 4,362 


1965 1966 1967 1968 
4,017 8,697 3,317 3,492 
387 353 471 563 
822 1,116 1,175 2,428 
5,226 5,166 4,968 6,488 


Bee 
1 Includes Arkansas, 1968; Idaho, 1964-68; New Mexico, 1964-68; North Dakota, 1965; Oregon, 1964; 


South Dakota, 1964-67, Wyoming, 1964-67. 


Table 3.—Mine production and recoverable 
vanadium of domestic origin produced 
in the United States 


(Short tons) 


Year Mine Recoverable 
production! vanadium ? 
1964... 2 s es ss 5,184 4,362 
1965... e 5,641 5,226 
1966225222222. 8 5,685 5,166 
19% 8 5, 088 4,968 
BOGS eee eee 7,105 6,483 


! Measured by receipts of uranium and vanadium 
ores and concentrates at mills, vanadium content. 

? Recoverable vanadium contained in uranium and 
vanadium ores and concentrates received at mills, 
plus vanadium recovered from  ferrophosphorus 
derived from domestic phosphate rock. 


Table 4.—Production of vanadium 
pentoxide in the United States' 


(Short tons) 
Year Gross V20s 

weight content 
% ee 9,775 9,018 
/, uuo eee 11,498 10,996 
// EEN 11,955 11,695 
19 88 10, 915 10, 569 
ER 12,105 10,976 


L Includes vanadium pentoxide and metavanadate 
produced directly from all domestic ores plus that 
obtained from imported slag and small byproduct 
quantities from imported chromium ores. 


CONSUMPTION AND USES 


Domestic consumption of vanadium con- 
tained in ferrovanadium, other vanadium 
alloys, metal, and some chemicals increased 
over the 5,245-ton final total figure re- 
ported for 1967. Consumption increased 
appreciably for high-strength  low-alloy 
constructional steels, and for steel line pipe 


used in laying cross-country natural gas 
transmission lines, but demand for tool 
steels was off. Lengthy strikes in the tita- 
nium industry were responsible for a large 
drop in consumption of vanadium in the 
nonferrous alloy category. 


Table 5.—Consumption and consumer stocks of vanadium materials in the United States 
(Short tons of contained vanadium) 


1967 1968 
Type of material 

Con- Ending Con- Ending 

sumption * stocks sumption stocks 
Ferrovanadium e ee 4,305 r 1,007 4,712 783 
Elle 153 r 41 165 20 
Ammonium metavanadate.....................-- 115 15 94 13 
M ĩ³ðſ a 5 672 129 534 161 
ff ß a 5,245 r 1,193 5,495 977 


r vised. 
1 Includes other vanadium-carbon-iron alloys. 


? Consists principally of vanadium-aluminum alloy, and relatively small quantities of other vanadium 


alloys and vanadium me 


s Data may not add to totals shown due to independent rounding. 
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Table 6.—Consumption of vanadium in the United States by end uses 


(Short tons of contained vanadium) 


End use 1967 * 1968 

Steel (ingots and castings): 
High-speed and tool... ........ 2. 2 2-22 eee eee 748 610 
Si ð -m km Mele EE 39 50 
Alloy (excluding stainless and tool jj 2, 106 2,591 
Carbon......... e . 828 1,092 
Othersteel ß a . ie ete D 5 7 
(usb IPOHg EE 8 54 57 
Cutting and wear resistant materials „„ 18 16 
Welding and hardfacing rods and materials 12 12 
Magnetic alloyzss vs 4 6 
Nonferrous alloys lll „ „˙ 614 459 
Chemical and ceramic uses 132 168 
Miscellaneous and unspecified. A 693 426 
Total? EE 5,245 5, 495 

r Revised. 


1 Principally titanium- base alloys. 


2 Data may not add to total shown due to independent rounding. 


STOCKS 


Producer's stocks of vanadium as fused 
oxide, precipitated oxide, vanadiferous slag, 
metavanadate, metal, alloys, and chemicals, 
totaled 2,828 short tons of contained vana- 


dium at yearend. This quantity is in addi- 
tion to the consumer's inventory reported 
in table 5, and compares with 2,231 tons 
at the end of 1967. 


PRICES 


Prices for technical-grade vanadium 
pentoxide continued to decline. Metals 
Week quotations for export merchant or 
dealer pentoxide opened the year at $1.05 
to $1.15 per pound of contained V205, 
Las U.S. shipping port. At yearend the 
quote was 95 cents, same basis, but it 
appeared that this was nominal since in- 
dications were that some sales had been 
made at lower prices. The contract price of 
South African pentoxide for the United 
Kingdom and continental Europe was down 
to the equivalent of 90 U.S. cents for the 
final quarter of the year. It was announced 
that this would continue unchanged for 
the first quarter of 1969. The availability 
of vanadiferous slag in quantity from the 
U.S.S.R. was a depressing factor. 

The price of Carvan remained at $2.46 
per pound of contained vanadium through- 
out the year. Quotations for the new alloy, 
Solvan (see Technology), appeared in 
September at this price, and continued 
without change to the end of the year. 
A price of $2.90 per pound of contained 
vanadium, packed, f.o.b. shipping point 


with freight equalized to nearest main pro- 
ducer, prevailed through the year for all 
grades of ferrovanadium, although some 
spot sales reportedly were made at lower 
prices and imported alloy was apparently 
being sold near the end of the year at 
prices competitive with Carvan and Solvan. 
The 90-percent grade of vanadium metal 
sold for $3.45 per pound of contained 
vanadium. Prices for high-purity vanadium 
(99.3 to 99.99 percent) ranged from $33 
to $2,000 per pound depending on the 
degree of purity and the form in which 
sold. 

Effective July 1, Union Carbide Corp. 
increased its prices for several vanadium 
chemicals used in producing chemical 
catalysts, coloring additives, and color 
phosphors. Its 98-percent flake pentoxide 
became $1.39; 99.2-percent granular pent- 
oxide, $1.53; technical grade ammonium 
metavanadate $1.66; and high-purity am- 
monium metavanadate, $1.95. All of these 
prices were per pound of material, f.o.b. 
Grand Junction, Colo. 


pà 
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FOREIGN TRADE 


The average declared value for exports 
of ore, concentrates, and technical-grade 
oxides, was $1.19 per pound of contained 
vanadium pentoxide in 1968, compared 
with $1.44 in 1967. The average declared 
value of ferrovanadium exported in 1968 
was $1.90 per pound of alloy, compared 
with $1.99 in 1967. Quantities for both 
categories of exports decreased for the 


Table 7.—U.S. exports of 


second year in succession. 

Imports classified as ore and concentrates 
in 1968 contained 55 short tons of vana- 
dium pentoxide and came from Canada 
and the Netherlands Antilles. In addition, 
vanadiferous slag (classified as metal-bear- 
ing residues) was imported from Chile, the 
Republic of South Africa, and apparently 
from the U.S.S.R. also. 


vanadium, by countries 


(Thousand pounds and thousand dollars) 


Ferrovanadium and other 


alloying materials containi 
6 percent vanadium (gross weight) 


vanadium Vanadium ore, concentrates, pentoxide, 
ng over vanadic acid, vanadium oxide, and 
vanadates (except chemically pure 


Destination grade) (vanadium content 

1967 1968 1967 1968 
Quantity Value Quantity Value Quantity Value Quantity Value 
Argentina. uuu. us , hue ewes 8 JJ·ö⁊ desse 
Australia... Se 8 EE 64 148 14 $25 
AUBUTIR. coos n c. ` Add ( usu 361 956 179 887 
Belgium-Luxembourg... ....... .....-.-. .....--. ⁊ßg IL 318 649 
FP! AA 6 SIL i1 eee 1 JFF 
Canada 448 888 295 $562 31 76 24 58 
e te ouch ns Boe 1 J .d orari au 
Colombia (2) 1 1 Í. AE 22 e. teas. 8 
Czechoslovakia. 75 S ³ ˙ AA 22 
e ee Gees. eae (1) () 296 708 64 154 
Germany, Weste. 262 626 63 184 
India. 43 89 59 AY chee Sees 85 64 
tele i eege Cer ee Een ees 87 06- ebe, 8 
DI ENEE 264 696 144 808 
Mexico...............- 141 285 61 108 4 10 5 18 
Netherlands 20 28 6 Io: Skica TP 
Netherlands Antilles. (1) (1) (1) 1 
Rhodesia, Southern q 13 
JJ%%%%%/%qͤ pees: Sette Mee. 8 2 CC 
Sweden 2 STEE Ee 144 861 22 46 
KI EE 15 )). 00000 uel, 
United Kingdoms duuslems ð2: -Wo:meue. JS e 81 83 50 125 
Venezuela 42 95 117 J Ee 
Total 702 1,398 555 1,052 1, 575 4,043 925 1,972 

1 Less than Le unit. 
Table 8.—U.S. imports of ferrovanadium, by countries 
(Thousand pounds and thousand dollars) 

General imports Imports for consumption 

Country 1967 1968 1967 1968 
Gross Value Gross Value Gross Value Gross Value 

weight weight weight weight 

REES, ee edidic 531 $1025... upas 531 $725 
Belgium- Luxembourg 12 324 61 RII cess se eee 52 98 
Francë 6 oe eet a (As 5 gen Lats 5 9 
Germany, West 15 87 567 796 15 $37 527 735 
Sweden 77 137: cossires ᷣͤ us 77 137 
Totaal 27 61 1,241 1,778 15 37 1,699 
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WORLD 


In addition to the production reported 
in table 9, the U.S.S.R. and Chile pro- 
duced vanadiferous slags from iron ores, 
and some other countries had relatively 
small unreported vanadium production 
from secondary sources or of a byproduct 
nature. Canada has recovered vanadium 
pentoxide from oil residues since 1965. 
Beginning somewhat earlier, Japan has 
been producing ammonium metavanadate 
and/or vanadium pentoxide from waste 
sulfuric acid resulting from the production 
of titanium dioxide. West Germany re- 
covered a vanadium product from South- 
West African lead-vanadium concentrates 
(credited in table 9 to South-West Africa), 
and probably from other unreported by- 
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REVIEW 


product or secondary sources as well. It is 
presumed that France still recovers vana- 
dium pentoxide as a byproduct of bauxite 
processing, and possibly from other sources. 
Italy and Sweden may also have recovered 
vanadium from some of the above sources 
in 1968 as well as earlier. 


Finland.—The country’s only vanadium 
producer, government-owned Otanmaki 
Oy, was amalgamated with Rautaruukki 
Oy, a government-owned iron and steel 
firm, with operations continuing under the 
latter name. Although the merger was 
not formally accomplished until the end 
of the year, the effective date for all prac- 
tical purposes was June 30. 


Table 9.—World production of vanadium in ores and concentrates, by countries 
(Short tons) 


Country 


in 2d MORES Ja .ʃͤ Ae ⅛ v k RE 


y 
South Africa, Republic of____ ----------------- 
South-West Africa (recoverable vanadium)... ... 
United States (recoverable vanadium) -- 


e Estimate. P Preliminary. r Revised. 


1964 1965 1966 1967 1968» 
1,084 1,068 1.069 1,292 1,821 
740 750 780 r8i6 —— 937 
1,282 1,519 1,711  '2,116 2,498 
1,102 1,275 1,858 1,328 1,328 

, 362 5,226 5,166 4, 963 6,488 
8,578 9,834 10,029 10,509 12,562 


1 Figures for Finland and Republic of South Africa are for vanadium in vanadium pentoxide. The U. S. S. R. 
had vanadium production, but data are insufficient for estimation. 


2 Compiled mostly from data available May 1969. 


3 Total is of listed figures only; no undisclosed data included. 


India.—Reserves of vanadiferous titanif- 
erous magnetite in the Singbhum district 
of Bihar and adjoining areas of the 
Mayurbhanj district of Orissa were re- 
ported to total 22 million tons grading 1.5 
to 2.5 percent vanadium pentoxide and 10 
to 16 percent titanium dioxide. Based on 
research at the National Metallurgical 
Laboratory at Jamshedpur, a pilot plant 
was set up for treating 1 ton of ore per 
day to produce vanadium pentoxide. The 
laboratory of the Indian Bureau of Mines 
conducted pyrometallurgical research on 
recovery of vanadium from alumina plant 
sludge.” 


Japan.—For the purpose of purchasing 
and stockpiling certain metals, including 
vanadium, Japan Rare Metals Co. was 
formed by a consortium of 35 steelmakers, 
ferroalloy producers, and nickel smelters. 
It was expected to be Japan’s agency for 
purchasing U.S. surplus stockpile material 
as it is made available.“ 


South Africa, Republic of.—The first 
shipment of vanadiferous slags from the 
Highveld Stee! and Vanadium Corp. Ltd., 
iron-steel-vanadium plant went to Europe 
in August. The first shipment to the United 
States, 3,000 tons, left in October destined 
for Foote Mineral Co. Under a licensing 
agreement with the Norwegian ferrovana- 
dium producer, Christiania Spigerverk, 
world rights outside Norway to Spigerverk's 
process for reducing vanadiferous slags 
directly to ferrovanadium were acquired 
by Highveld. September was the second 
best month on record for sales of vana- 
dium pentoxide from Highveld's Vantra 
Division. This followed a period of poor 
demand which had resulted in shutting 
down the division’s two rotating kilns and 
a consequent reduction in production of 
approximately 20 percent. Capacity of the 


2 Metal eeler (London). No. 5267, Jan. 23, 
1968, p. 


1 Week. V. 39, No. 28, July 8, 1968, p. 7. 
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plant exceeds 3,000 short tons of vanadium 
pentoxide per year, analyzing better than 
99 percent purity. Union Carbide’s sub- 
sidiary, Ucar Minerals Corp., produced 
vanadium pentoxide in 1968, as well as 
1967, at the former Federale property at 
Bon Accord, near Pretoria. Capacity of 
the plant was about 1,000 to 1,500 tons of 
vanadium pentoxide per year, utilizing 
ore from a seam of titaniferous magnetite 
of the Bushveld complex. The pentoxide 
product was exported to the United King- 
dom and Europe. 
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Berg Aukas mine, near Grootfontein, was 
completed in September to its objective, 
1,685 feet below surface or 50 feet below 
the 17 level. Crosscutting was planned to 
investigate good indications of vanadium 
ore disclosed by drilling between the 11 
and 14 levels. 


U.S.S.R.—A large new plant for produc- 
tion of ferrovanadium from vanadiferous 
slags, derived from Ural magnetites, was 
reportedly under construction at the Serov 
steel plant. It appeared probable that some 


method of direct reduction would be 
South-West Africa.—Shaft sinking at the employed.“ 
TECHNOLOGY 


In continuing research with high-purity 
vanadium metal, the Bureau of Mines de- 
veloped a two-cycle, molten-salt electro- 
refining procedure to produce metal of 


99.99 percent purity from commercially ` 
available calcium-reduced briquets analyz-. 


ing 99.5 percent vanadium. High-ductility 
and substantial reduction in hardness were 
accomplished in achieving this objective. 
Electrorefining was conducted in a helium 
atmosphere using a 12-inch-diameter cell 
containing 80 pounds of chloride electro- 
lyte of the following percentage weight 
composition: 51 KCl, 41 LiCl, and 8 
VClə. The calcium-reduced briquet served 
as anode in the first cycle of refining, 
whereas the products obtained were used 
as the anode material for the second cycle. 
In each case, the refined product was 
deposited on a molybdenum cathode rod. 
The work was on a 1-pound batch scale 
and current consumption was approxi- 
mately 500 ampere-hours per pound. The 
vanadium crystals obtained from the 
electrorefining contained approximately 200 
parts per million (ppm) of alkali metal 
chlorides. By melting in an inert atmos- 
phere on a chilled copper plate, a con- 
solidated ingot was produced containing 
less than 5 ppm of alkali metals.“ This 
high-purity metal is of interest as a likely 
material for fuel containers in the breeder 
type of nuclear reactor now under develop- 
ment. 

In other Bureau work, vanadium tri- 
chloride was prepared and subsequently 
reduced with molten magnesium to pro- 
duce vanadium metal with interstitial im- 
purities ranging from 820 to 1,330 ppm. 
It appeared that this procedure was capa- 


ble of expansion to a larger scale than is 
possible with the regular commercial bomb- 
reduction process.“ The heat of formation 
of vanadium trichloride was determined at 
298.15? K, and compared with the pub- 
lished results of earlier investigators." 

Boron additions to vanadium were in- 
vestigated and found to restrict grain 
growth with increasing temperature. The 
work suggested that boron might be a useful 
addition to vanadium-base alloys for high- 
temperature applications." 

A new high-density vanadium ferroalloy 
was patented and marketed by Foote 
Mineral Co. under the tradename Solvan. 
A smelted and cast ferroalloy of high iron 
content, it is reportedly obtained by direct 
reduction of high-vanadium slag, and is 
claimed to be particularly suited for use 
in the production of high-strength low-alloy 
steels. Its specifications give a vanadium 
content of 25 to 30 percent; silicon, 5.0 
percent maximum (low-silicon Solvan is 
offered with a silicon content of approxi- 
mately 0.8 percent); and carbon, 0.30 per- 
cent maximum. It has a low oxygen con- 
tent and a manganese content of 3 to 4 


‘Metal Bulletin (London). No. 5296, May 7, 
1968, p. 18. 

5 Lei, K. P., and T. A. Sullivan. High-Purity 
Vanadium. J. Less-Common Metals (Amsterdam, 
Netherlands), v. 14, No. 1, January 1968, pp. 
145—147. 

9 Ferrante, M. J., F. E. Block, and J. L. 
Schaller. High-Purity Vanadium by Metallother- 
mic Reduction of Vanadium Trichloride. BuMines 
Report of Inv. 7145, 1968, 22 pp. 

7 Mrazek, R. V., D. W. Richardson, H. O. 
Poppleton, and F. E. Block. Determination of the 
Heat of Formation of Vanadium  Trichloride. 
BuMines Rept. of Inv. 7096, 1968, 15 pp. 

8 Iverson, H. G., R. Mathews, and J. S. 
Winston. Effects of Boron and of Boron With 
Carbon on the Mechanical Properties of Vana- 
dium. BuMines Rept. of Inv. 7118, 1968, 18 pp. 


VANADIUM 


percent. Besides having high density and 
being low in nonmetallic inclusions, its 
advantages are stated to include rapid 
solubility, high vanadium recovery, and 
relatively low cost. 

At the Witbank plant of Transvaal Vana- 
dium Co. (Pty.) Ltd., in the Republic of 
South Africa, titaniferous magnetite from 
the Kennedy's Vale mine is crushed, 
ground, dewatered, and salt-roasted in 
rotary kilns or multiple hearth furnaces 
using either sodium chloride or a mixture 
of sodium carbonate and sodium sulfate. 
The soluble vanadium salts formed, essen- 
tially sodium vanadate, are then water- 
leached from the resulting calcines. Addi- 
tion of ammonium salts to the pregnant 
solution precipitates ammonium metavana- 
date from which three products are pre- 
pared for shipment: Pure ammonium meta- 
vanadate for use as a catalyst by the 
chemical industry; catalyst grade vana- 
dium pentoxide (red oxide) to be used 
mainly as a catalyst for converting sulfur 
dioxide to sulfur trioxide in contact sul- 
furic acid plants; and fused vanadium 
pentoxide for conversion to ferrovanadium. 
Drying slowly at low temperatures (50° 
C), followed by screening, produces the 
metavanadate as a fine white powder which 
is packed in plastic-lined steel drums. By 
calcining the metavanadate filter cake at 
+400° C, ammonia is driven off with the 
catalyst grade oxide left as a fine red 
powder. From this, the fused vanadium 
pentoxide is produced by melting in an 
electrically heated furnace. Both pentoxide 
products are packed in steel drums for 
shipment.“ 

A flowsheet for obtaining 99.5 percent 
vanadium pentoxide from the high-grade 
vanadiferous slags produced by Highveld 
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Steel and Vanadium Corp. Ltd. was tested 
in a company pilot plant at Witbank, 
Republic of South Africa. The slag, con- 
taining small quantities of chromium and 
appreciable quantities of silica, is salt- 
roasted, followed by water-leaching of the 
vanadium values along with some of the 
chromium and silica. Upon acidification 
with hot hydrochloric acid to a pH of 
about 2, a sodium hexavanadate precipi- 
tate (red cake) is obtained which upon 
filtering and drying contains from 85 to 
94 percent vanadium pentoxide and 4 to 
11 percent sodium- oxide. By use of this 
long-established commercial practice vana- 
dium is separated from the chromium and 
silica. Modification of a Bureau of Mines 
procedure? is then used to obtain high- 
purity vanadium pentoxide. The washed 
red cake is dissolved in a hot ammoniacal 
solution of ammonium chloride and upon 
cooling ammonium metavanadate is pre- 
cipitated. By heating to a temperature ex- 
ceeding 450° C, the ammonia is driven 
off leaving vanadium pentoxide as a powder 
which is fused and flaked for shipment. 
Formation of lower oxides of vanadium is 
prevented by passing the proper quantity 
of air over the charge during deammonia- 
tion.” 


? Guise-Brown, A. L., and M. G. Atmore. The 
Recovery of Vanadium Pentoxide at Transvaal 
Vanadium (Pty.), Ltd. J. South African Inst. 
Min. and Met. (Johannesburg), v. 68, No. 9, 
April 1968, pp. 397—404. 

10 Chindgren, C. J., L. C. Bauerle, and J. B. 
Rosenbaum. Preparing Metal-Grade Vanadium 
Oxide from Red Cake and Mill Solutions. 
BuMines Rept. of Inv. 5987, 1962, 14 pp. 

11 Douglas, W. D., H Bovey, and D. A. 
Temple. A Process for the Production of High 
Grade Vanadium Pentoxide From Solutions Con- 
taining Chromium and Silica. J. South African 
Inst. Min. and Met. (Johannesburg), v. 68, No. 
9, April 1968, pp. 385-396. 
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Vermiculite 


By William N. Hale ! 


The market for vermiculite in the United 
States advanced during 1968 following in- 
creased construction activity. Production 
and value of crude vermiculite were 14 
percent higher than in 1967. Exfoliated 


vermiculite output and value increased 18 
percent over the 1967 figures. The average 
unit value of crude vermiculite increased 
$0.09 per ton, but the average value per 
ton of exfoliated vermiculite declined $0.24. 


DOMESTIC PRODUCTION 


Crude Vermiculite.—Four companies re- 
ported production from five mines in four 
States. W. R. Grace & Co., Zonolite Divi- 
sion, with mines in Laurens County, S.C., 
and Lincoln County, Mont., continued to 
be the principal producer. Other producers 
were Solomon’s Mines, Inc., from an 
operation in Maricopa County, Ariz.; 
Patterson Vermiculite Co., from a mine in 
Laurens County, S.C.; and Perlite Pro- 
ducers, Inc., from a property in Llano 
County, Tex. 


Exfoliated Vermiculite. Twenty-four 
companies operating 49 plants exfoliated 


216,418 tons of vermiculite, an increase of 
18 percent over the 1967 tonnage. W.R. 
Grace & Co., Zonolite Division, continuing 
as the largest producer, operated 22 plants 
in 20 States. Over 55 percent of exfoliated 
vermiculite production came from opera- 
tions in eight States. The eight major pro- 
ducing States in order of output and the 
respective number of plants in each State 
were as follows: South Carolina, 2; Texas, 
4; California, 3; Florida, 4; Illinois, 3; 
Pennsylvania, 2; New Jersey, 2; Minnesota, 
3. 


Table 1.—Salient vermiculite statistics 


1964 1965 1966 1967 1968 
United States: 
ld and used by producers: 

Crude thousand short tons 226 249 262 255 290 
Value thousand dollars.. 33, 613 $4,460 $4,954 $4,974 $5,684 
Average value per ton. $15.99 $17.91 $18.91 $19.51 $19.60 
Exfoliated thousand short tons 177 193 180 213 
8lue........thousand dollars.. $13,862 $13,424 $15,130 r 14, 278 $16,845 
Average value per ton.......... 18.32 $75.84 $78.39 r $79.32 79. 08 

World: Production crude 
thousand short tons 843 880 882 370 417 


* Revised. NA Not available. 


CONSUMPTION AND USES 


Producers of exfoliated vermiculite re- 
ported the following end-use percentages 
for 1968 (comparable 1967 figures are in 
parentheses): aggregates (concrete, plaster, 
cement), 40 percent (43 percent); insula- 
tion (loose fill, block, pipe covering, pack- 


ing), 40 percent (36 percent); agriculture 
(horticulture, soil conditioning, fertilizer 
carrier, litter), 16 percent (17 percent); 
and miscellaneous, 4 percent (4 percent). 


1 Geologist, Albany Office of Mineral Resources, 
Albany, Oreg. 
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PRICES 


The average value of crude vermiculite, 
cleaned at the mine, was $19.60 per short 
ton. The exfoliated product average value, 
f.o.b. producers plant, was $79.08 per 
short ton. For the past 5 years, 1964—68, 
the price of crude vermiculite increased 
over 23 percent, while the price of ex- 
foliated vermiculite rose less than 1 per- 


FOREIGN 


Imports of crude vermiculite from the 
Republic of South Africa in 1967 were 
19 percent higher than in 1966. Crude 


WORLD 


South Africa, Republic of.—Production 
of crude vermiculite was 9 percent higher 
than in 1967. Total exports increased 9 
percent over the 1967 tonnage, and value 


cent. The market prices quoted by Engi- 
neering and Mining Journal for crude 
vermiculite from Montana and South 
Carolina ranged from $18 to $35 per ton, 
f.o.b. mine. Material from the Republic 
of South Africa ranged from $29.55 to 
$40.15 per ton, c.i.f. Atlantic ports. 


TRADE 


vermiculite was imported duty free to the 
United States. 


REVIEW 


increased 16 percent. The average unit 
value of crude vermiculite exported from 
South Africa increased $1.12 per ton. 


Table 2.—Free world production of vermiculite by countries 


(Short tons) 


Country 1964 1965 1966 1967 1968 p 
Argentina eegene e Ee 4,071 1,857 r 4,588 v2, 641 NA 
VU! ³⅛˙¹¹ m EES NA NA 441 240 2,724 
jodia- EEN 473 807 551 349 2,588 
e EE EE 87 24 84 271 808 
South. Africa, Republic off 111,872 126,911 113,732 111, 885 121,427 
KR KE TEE 144 108 177 100 33 
United Arab Republic 1..................-- 459 689 NA NA NA 
United States (sold or used by producers) 226,299 249,852 262,321 254,997 289,997 
Total EEN —€— 843,355 379,698 * 381,894 370,489 417,077 

r Revised. P Preliminary. NA Not available. 

! Includes mica. 

3 Total is of listed figures only. 


Table 3.—Republic of South Africa: Exports of crude vermiculite by countries 


(Short tons) 

Destination 1966 1967 1968 
Australli.rc.co.calesnoccomesecddbadU 2, 549 2, 833 
%%% myts 88 2, 565 3,884 
õõĩ]˙¹Ü.- ³⁰ͥ¹ddddddddddddõſ.ẽ y 8, 528 9,418 
Germany, West... eee eee ee 11,619 9,296 

et eee ein RP mm! x See OTe 14,123 19,088 
END capa A AET EEEE EENEG 2,955 4,995 

Ne etheriands ENEE 1,216 1,744 NA 
DRM. eee LeFevre EE RO SN 2,460 2,942 
SW OCG EES 3 96 1,340 
United Kingdom 27,277 30,214 
Unnedn gd 8,432 15, 963 
Other eoun tries EEN 8,207 ,908 

drei ONE 85,891 r 105,620 115, 545 

Total d encase bcs ... .. ... ............- $1,576,986 81, 980, 055 $2,295,439 

Average value $18.36 r $18.75 $19.87 


NA Not available. 


r Revised. 
! Converted to U.S. currency at the rate of 1 rand equals $1.3913 (1966), $1, 398 (1967), and $1.40 (1968). 
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Zinc 


By Donald E. Moulds ! 


The free world during 1968 achieved a 
record production and consumption of zinc. 
A 2-percent gain in mine production to 
4.37 million tons provided the feed mate- 
rials for a major 11-percent gain in metal 
production to 3.91 million tons. The free 
world supply of metal, augmented by a 
39,000-ton producer stock drawdown, a 
38,000-ton reduction in U.S. Government 
stocks, and a 72,000-ton net import from 
communist areas, adequately provided for 
the 7.6-percent increase in metal consump- 
tion and the price of zinc remained stable 
in all of the free world markets. 

The domestic zinc industry experienced 


a substantial recovery from the 1967 slump 
in consumption with an increase of 9 
percent over the 1967 total but well below 
that achieved in 1965-66. Mine production, 
partially curtailed by labor stoppages, de- 
clined for the third successive year but 
smelter production, despite lost output at 
several plants in the first 4 months due to 
the continuing strike, increased almost 9 
percent and was only 7,500 tons below 
the 1966 high. The high level of smelter 
output, augmented by a 38-percent in- 
crease in metal imports, failed to meet 


1 Physical scientist, Division of Mineral Studies. 


Table 1.—Salient zinc statistics 


1964 1965 1966 1967 1968 
United States: 
Production: 
Domestic ores, recoverable 
content... short tons.. 574,858 611,153 572, 558 549,413 529, 446 
Value thousands $156,308 $178,284 $166,044 $151,562 $142,950 
Slab zinc: 
From domestic ores 
short tons 531,967 551,215 523, 580 438 , 553 499,491 
From foreign ores 
short tons. . 422,117 443,187 501, 486 500,277 521, 400 
From scrap...do.... 71,596 83,619 83,263 73, 505 79,865 
Total....do.... 1,025,680 1,078 ,021 1,108,329 1,012,835 1,100,756 
Secondary zinc !..do.... 27,718 71,694 277 , 967 247,254 276,092 
Exports of slab zinc... .do.... 26,5165 5,939 1,406 16,809 83,011 
Imports (general): 
Ores (zinc content) 
do.... 357,145 428,040 521, 320 534, 092 546,382 
Slab zine......... do.... 118,340 152,990 218,175 222,112 306, 540 
Stocks, December 31: 
At producer plants 
Once 31,178 28,622 64, 798 81,916 63,112 
At consumer plants 
o---- 108,411 150,763 129,593 102,535 102,438 
Consumption: 
ab zine do.... 1,207,268 1,854,092 1,410,197 1,236, 808 1,333,699 
All classes do.... 1,585,751 1,742,067 1, 806, 543 1,591,997 1,728,400 
Price, Prime Western, East | 
St. Louis. cents per pound 13.57 14.50 14.50 13.85 13.50 
World: 
Production: 
ine short tons.. 4, 440, 309 4,750, 887 4, 960, 613 5, 330, 519 5,471, 071 
Smelter.......... do.... 4,070,982 4,352,571 4,498,252 4,549,667 5,017,196 
Price: Prime Western, London | 
cents per pound 14.74 14.12 12.75 12.37 11.89 


! Excludes redistilled slab zinc. 
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United States percentage of world smelter production 
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Figure 1. Trends in the zinc industry in the United States. 


demand plus exports by some 65,500 tons 
as indicated by a 38,000-ton drawdown 
of Government stockpile inventory and 
27,500-ton decrease in producer-consumer 
stocks during the year. The base price for 
Prime Western zinc, f.o.b., East St. Louis, 
however, continued at 13.5 cents per pound 
throughout the year. 


Legislation and Government Programs.— 
The program under Public Law 89-238, 
to stabilize mining of lead and zinc by 
small producers through supplemental pay- 
ments on eligible production when the 
market price is less than 14.5 cents per 
pound, was operative throughout the year 


and payments totaling $144,661 were made 
in 1968 on qualified production of 13,151 
tons. Since inception of the program in 
1962 a total of $2.52 million has been 
paid on 104,790 tons of combined lead 
and zinc production to 85 producers in 
11 States. Oklahoma leads with about $1 
million followed by Idaho, Utah, Kansas, 
and Montana. This program continues 
under the present law through 1969. 
The General Services Administration 
continued sales of zinc to industry for 
domestic consumption under authority of 
Public Law 89-322 and transfers for Gov- 
ernment use under Public Law 89-9. The 
remaining tonnage authorized for sale at 


ZINC 


yearend was 39,700 tons for commercial 
sale and 42,401 tons for Government trans- 
fer. Commercial sales commitments in 1968 
amounted to 27,181 tons of which the 
Agency for International Development con- 
tracted for 24,763 tons, primarily for ex- 
port. The actual shipments and decrease 
in stockpile inventory during the year was 
37,516 tons, thus reducing total stocks to 
1,160,606 tons, all of which is surplus to 
present stockpile requirements. 

The International Lead and Zinc Study 
Group held its 12th session in Geneva on 
November 18—22, preceded by meetings of 
the various committees on November 13-15. 
Representatives of 29 member countries 
attended and reviewed the international 
supply-demand situation for lead and zinc 
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in 1968 and projections for 1969. The data 
avallable at the time of the meeting indi- 
cated a reasonable balance in zinc during 
1968 in contrast to the surplus supply 
situation indicated at the 1967 meeting. 
Projections of increases in mine and metal 
production in 1969, in excess of a rising 
consumption requirement, indicated the 
possibility of a supply surplus. The pro- 
jected supply was, however, believed overly 
optimistic and actual results in 1969 were 
expected to be in reasonable balance with 
demand. Other topics discussed at the 
meeting included liberalization of trade, 
trends in smelter capacity, sources of sup- 
ply of concentrates, pricing aspects, and 
coproduct-byproduct relationships in lead- 
zinc ore production. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Recoverable zinc produced at domestic 
mines totaled 529,400 tons, the third con- 
secutive decrease and approximately 82,000 
tons below that produced in 1965. The 
continuing strike at several of the Western 
mines plus abnormally low temperatures 
and snow in the Northern mining areas 
curtailed production in the first quarter. 
Missouri production increased as output 
of the higher zinc content ores of the new 
lead belt expanded. Tennessee mines pro- 
vided the largest amount of zinc in 1968 
and achieved a new record for the State, 
exceeding the previous high in 1965. The 
25 leading mines produced 76.5 percent 
of the domestic output compared to 795 
percent in 1967. The four largest mines 
again supplied 25 percent and the first 
eight mines contributed 41 percent. The 
States east of the Mississippi River pro- 
duced 60 percent of the zinc; Western 
States, 36 percent: and the Kansas-Missouri- 
Oklahoma area, 4 percent. 

The source of zinc in 1968 according to 
recoverable metal value was as follows: 
Zinc ores, 69 percent; lead-zinc ores, 19 
percent; lead ores, 3 percent; copper-lead- 
zinc ores, 5 percent; and all other sources, 
4 percent. A significant change in 1968 
was the 69 percent derived from zinc ores 
in comparison to 53 percent in 1967. This 
Is a measure of the continuing growth in 
importance of the Tennessee, New York, 
New Jersey, and Pennsylvania mines. 

Tennessee, the leading State, contributed 


23 percent of the domestic production and 
achieved an increase of almost 10 percent 
in comparison to 1967 figures. American 
Zinc Co. operated six mines: Coy, Grasselli. 
Mascot No. 2, North Friends Station, 
Young, and Immel. Company production 
for the period July 1967 to June 1968, 
was a record 124,520 tons of zinc con- 
centrates from 2.8 million tons of ore 
mined.” The Immel mine had its initial 
startup on March 1 and production in 
1968 placed the mine among the leading 
25. The Grasselli mine was permanently 
closed in February and the North Friends 
Station mine was also closed during the 
year. The New Jersey Zinc Co., a sub- 
sidiary of Gulf and Western Industries, 
Inc., operated the Jefferson City and Flat 
Gap mines and development was proceeding 
on a third mine. The company announced 
on January 7, 1969, a major zinc dis- 
covery in central Tennessee which should 
significantly increase the Tennessee zinc 
reserves. The Zinc Mine Works of United 
States Steel Corp., and the Copper Hill 
mine of Tennessee Copper Co., continued 
to be major zinc producers in 1968. 

St. Joseph Lead Co. operated the Balmat 
and Edwards mines in New York where 
the combined production totaled 124,500 
tons of zinc concentrates. Zinc production 
from company mines in New York and 
Missouri accounted for 46 percent of the 
concentrates used at the firm's Monaco, 
Pa. zinc smelter. The new mine shaft at 


? American Zinc Co. Annual Report. 1968, p. 6. 
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the Balmat reached 2,400-foot depth and 
will bottom at 3,200 feet. A new 4,300-ton- 
per-day mill was under construction to 
replace the present 2, 200-ton- per- day 
plant.“ Output from the Pennsylvania and 
New Jersey mines operated by The New 
Jersey Zinc Co. decreased in comparison to 
that achieved in 1967. 

Idaho continued to be the 
Western producing State and output in- 
creased slightly despite abnormally low 
temperatures and snowfall that curtailed 
operations in January and February. The 
Bunker Hill mine was the leading producer 
followed by the Star-Morning unit of 
Hecla Mining Co., and the Page mine of 
American Smelting and Refining Company. 
Output at the Star-Morning mine was 
affected by construction and development 
of the new No. 4 shaft, expected to be 
completed at the end of 1969.‘ Extensive 
exploration and development in depth was 
continued in the Coeur d’Alene area by 
the major mining companies during the 
year. 

The Eagle mine of The New Jersey 
Zinc Co., the Idarado mine of Newmont 
Mining Co., and the Sunnyside mine oper- 
ated by Standard Metals Corp., were the 
leading zinc producers in Colorado. Idarado 
mine output declined and ore reserves 
decreased slightly. Resurrection Mining 
Co., a joint project of Newmont Mining 
Co. and American Smelting and Refining 
Company, continued development of a 
mine at Leadville, Colo., and reserves have 
been estimated at 2.4 million tons contain- 
ing 5.13 percent lead and 9.95 percent 
zinc.” Sunnyside mine output was also 
curtailed and concentrates stockpiled dur- 
ing the strike period. 

Ore production at United States Smelt- 
ing, Refining and Mining Co.’s United 
States and Lark mines in Utah was ad- 
versely affected by a shortage of experi- 
enced miners although the grade of ore 
produced was higher. The Midvale Flota- 
tion Mill was idle for several short periods 
during the early part of the year due to a 
shortage of ore from shippers affected by 
the strike. Concentrates were stockpiled 
until reopening of The Anaconda Com- 
pany’s zinc smelter in April? The output 
of the Burgin mine of Kennecott Copper 
Corp. in Utah, was reduced significantly 
by the long strike settled on March 19 
and the delay in reaching full operation 
due to extensive mine rehabilitation. Con- 
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struction of a new concentrator was 
virtually completed and preparation for 
expanding mine capacity from 500 tons 
per day to 800 tons was underway. The 
surface plant for the new Trixie shaft was 
completed and sinking started in June with 
a depth of 400 feet achieved by the end 
of the year.’ 

Production in Arizona, Nevada, and New 
Mexico was adversely affected by the 8!A- 
month copper mine closure in 1967—68 
as illustrated by the decrease of 4,100 tons, 
compared with 1966 levels, in zinc re- 
covered as a byproduct of copper-base ores: 

Missouri was the only Central United 
States area reporting an increase in out- 
put, a reflection of the increased recovery 
of zinc in the new lead belt. These ores 
contain approximately 1 ton of zinc for 
each 5 tons of lead in contrast to the vir- 
tually zinc-free ores of the old Southeast 
lead belt. Activity in the Kansas-Oklahoma 
area declined with a resulting 36-percent 
decrease in zinc output. Illinois and Wis- 
consin output was affected by strikes at 
some of the mines. 

The Pend Oreille mine of Pend Oreille 
Mines and Metals Co. in Washington, 
adopted a more selective mining system 
with a resulting 32-percent decrease in 
tons of ore milled, a 14-percent decrease in 
output of zinc concentrates and almost 
triple the amount of lead concentrates 
compared with 1967 levels. Concentrate 
production at the Calhoun mine of Ameri- 
can Zinc Co. increased about 38 percent 
but ore grade at this property has been 
disappointing. 

The outlook for increased domestic zinc 
mine production in 1969 appears promising 
with no major labor problem except avail- 
ability of experienced underground labor. 
The full year's operation of the expanded 
Mascot mill and Immel mine in Tennessee, 
significantly increased production from 
Missouri as the new mines achieve full 
capacity, new developments in the Coeur 
d'Alene area, expansion of mill and mine 
capacity in Utah and New York, reopening 
of mines in New Mexico and Washington, 
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Co. Annual Report. 1968, 
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and full-scale operation of copper mines 
all indicate a continuing upward output of 
recoverable zinc in ore. 


SMELTER AND REFINERY PRODUCTION 


Domestic smelter production of slab zinc 
increased 8 percent. The continuing labor 
strike initiated in mid-1967 at the smelters 
operated by American Smelting and Refin- 
ing Company and The Anaconda Company 
was terminated in April and, with an 
accumulation of concentrates available, 
capacity operation was quickly reestab- 
lished. Production, averaging 73,400 tons 
of slab zinc for the first quarter, built up to 
a high of 101,900 tons in May and aver- 
aged 91,700 tons for the year. Shipments, 
averaging 80,500 tons for the first quarter, 
exceeded 100,000 in May, October, and 
November and averaged 91,700 tons for 
the year, indicating a drawdown of 1,400 
tons per month. 

Domestic slab zinc annual capacity was 
increased over 50,000 tons in 1968 with 
completion of expansion projects for metal 
processing and refining at the Monsanto 
plant of American Zinc Co., The Bunker 
Hill Co. electrolytic plant at Kellogg, 
Idaho, the New Jersey Zinc Co. plant at 
Depue, III., and the National Zinc Co. 
plant at Bartlesville, Okla. The Henryretta, 
Okla. horizontal retort plant of The Eagle- 
Picher Industries, Inc., was closed at 
yearend and company concentrates will be 
processed at the expanded plant of National 


Zinc Co. in 1969. 


Slab Zinc.—Primary slab zinc plants 
were operated by 10 companies at 14 
locations in 1968 with an annual capacity 
of over 1.3 million tons and 12 companies 
operated secondary slab zinc plants at 13 
locations with a 55,900-ton total annual 
capacity. Production of 1.1 million tons 
of zinc in 1968 was derived from domestic 
ores, 46 percent; foreign ores, 47 percent; 
and  redistilled secondary, 7 percent. 
Electrolytic zinc comprised 36 percent of 
the total; distilled zinc, 57 percent; and 
redistilled at primary and secondary plants, 
7 percent. Special High Grade represented 
41 percent of the total slab zinc produced 
in comparison to 43 percent in 1967. Prime 
Western, the basic grade, amounted to 36 
percent and all other grades, 23 percent. 
The most significant change in 1968 was 
the increase in intermediate grade and the 
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decrease in brass special in relation to that 
during prior years. 

The Zinc Smelting Division of St. Joseph 
Lead Co., increased production 9 percent 
to 206,200 tons at its Monaca, Pa., plant.“ 
American Smelting and Refining Company 
produced 124,000 tons of zinc, a 4-percent 
decrease in relation to the strike-curtailed 
1967 output and well below the 155,000- 
ton output in the preceding year." Ameri- 
can Zinc Co. produced 124,300 tons of slab 
zinc at the Dumas, Tex., retort plant and 
Monsanto, III., electrolytic plant. Produc- 
tion was voluntarily curtailed at the Dumas 
plant in the first half of the year and the 
electrolytic plant encountered startup diffi- 
culties in the newly installed roasting and 
casting facilities, although calendar 1968 
production slightly exceeded that during 
1967." The Blackwell Okla., plant of 
American Metal Climax, Inc., produced 
90,000 tons of slab zinc, slightly higher than 
the 1967 output.” The Anaconda Company 
resumed operations at its Anaconda and 
Great Falls, Mont., electrolytic plants on 
April 1 after settlement of the strike and 
operated at 75-percent capacity for the 
remainder of the year. Output was 148,443 
tons of zinc of which only 1,300 tons 
came from company mines. Approximately 
58 percent of the output was from mate- 
rial processed on toll.“ National Zinc Co. 
expanded its horizontal retort plant at 
Bartlesville, Okla., during the year and 
will process zinc concentrates from The 
Eagle-Picher Industries Inc., mines in 1969. 

Slag-Fuming Plants.—Processing of lead 
smelter slags to recover the contained 7 
to 13 percent zinc and small amounts of 
lead was continued at five plants—Ameri- 
can Smelting and Refining Company at 
El Paso, Tex., and Selby, Calif.; The 
Anaconda Company at East Helena, Mont.; 
The Bunker Hill Co. at Kellogg, Idaho; 
and International Smelting & Refining Co. 
at Tooele, Utah. Material processed dur- 
ing the year consisted of 572,400 tons of 
hot slag from smelters, 36,400 tons of old 
slag and 3,900 tons of crude ore, all of 
which yielded 113,600 tons of oxide fume 


containing 72,900 tons of recoverable zinc. 
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Secondary Zinc Smelters.—Zinc recov- 
ered from reprocessing new and old scrap 
amounted to 354,700 tons compared to 
319,800 tons in 1967. New scrap, princi- 
pally zinc-base and copper-base alloys from 
manufacturers and drosses from molten 
galvanizing and die casting pots, con- 
tributed 274,900 tons. Old scrap, consist- 
ing of die castings, engravers plate and 
other obsolete or wornout objects, amounted 
to 79,800 tons. The zinc was recovered 
in alloys, 53 percent, principally brass and 
bronze; in metal, 34 percent; and in chemi- 
cal products, 13 percent. 


Byproduct Sulfuric Acid.—Gases pro- 
duced in roasting zinc sulfide concentrates 
preparatory to retorting or electrolytic 
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reduction to zinc metal contain significant 
quantities of sulfur dioxide which are 
collected and processed to sulfuric acid. 
At several plants elemental sulfur is also 
burned to supplement output. Production 
of acid in 1968 was 990,000 tons compared 
with 900,200 tons in 1967. 


Zinc Dust.—Production of zinc dust 
resumed the upward trend of recent years. 
In 1958 production amounted to 26,500 
tons valued at $7.3 million in comparison 
to the 1968 output of 61,600 tons valued 
at $22 million. The statistics include only 
commercial grades ranging in zinc content 
from 95.0 to 99.6 percent and averaged 
98.53 percent during the year. 


CONSUMPTION AND USES 


Consumption of slab zinc amounted to 
1.33 million tons, 8 percent above the 1967 
total but lower than that used in 1965—66. 
The increase in requirements occurred in 
essentially all of the industrial uses with 
the exception of a few categories in 
galvanizing. 

Zinc-base alloy requirements represented 
42 percent of the total slab in comparison 
to 43 percent in 1967 and the record 47 
percent in 1965. Galvanizing requirements 
were 36 percent compared with the pre- 
vious year's 37 percent. Noteworthy was 
the continued uptrend in galvanizing of 
structural shapes indicating the installation 
and use of large hot-dip galvanizing pots 
capable of galvanizing assembled structural 
components. Consumption in brass products 
was 12 percent, despite the strike at several 
brass mills in the first quarter, compared 
with the 11 percent required in 1967, a 
year also beset by labor strikes. Rolled zinc 
requirements for slab zinc advanced 8 per- 
cent to 48,900 tons although well below 
the 52,600 tons used in 1966. Use in zinc 
oxide has steadily climbed from 13,300 
tons in 1958 to the 34,900 tons used in 
1968. 


Consumption of slab zinc by grades was 
as follows: Special High grade, 51 percent; 
Prime Western, 28 percent; Brass Special, 
10 percent; Intermediate, 9 percent; and 
High grade and remelt, 2 percent. Galva- 
nizing used mainly Prime Western although 
higher purity was required in the high- 
speed, continuous lines. Special High grade 
is required in high-speed die casting alloys 


with lower grades used in sand and slush 
casting alloys. Zinc used as an additive in 
copper-base alloys ranges through the vari- 
ous grades although Brass Special and 
Intermediate are relative minor commer- 
cial grades. 

Rolling mills used 48,900 tons of slab 
zinc and produced 47,500 tons of salable 
products, mainly as strip and foil. Imports 
of rolled products approximated 800 tons 
in comparison to exports of 3,000 tons and 
the apparent domestic consumption of 
45,300 tons was 10 percent higher than 
in 1967. In addition, rolling mills re- 
melted and rerolled 21,900 tons of scrap 
originating in manufacturing of end prod- 
ucts at the plants. 

Illinois was the leading State in total 
slab zinc consumption while Ohio led in 
galvanizing, Michigan in diecasting, and 
Connecticut in use in brass. Five States— 
Illinois, Michigan, Indiana, Pennsylvania, 
and New  York—each consumed over 
100,000 tons of slab zinc and combined 
accounted for almost 57 percent of the 
domestic total. 


ZINC PIGMENTS AND COMPOUNDS 


Production.—Output of zinc pigments 
and compounds, excluding lithopone, in- 
creased 13 percent to 336,100 tons, well 
above the recent high of 325,200 tons 
achieved in 1966. Shipments of zinc oxide 
and zinc sulfide exceeded production, and 
totaled 339,000 tons in 1968 compared 
with 291,800 tons in 1967 and 313,400 tons 
in 1966. 


ZINC 


Zinc oxide was processed from domestic 
and foreign ores, slab zinc, secondary mate- 
rials, and residues. Lead-free zinc oxide 
produced from ores and residues by the 
American Process contributed 63 percent 
of the total. The French Process using 
slab zinc accounted for 25 percent and 
12 percent was derived by various other 
oxidation processes using residues and 
secondary materials. Production of zinc 
oxide and zinc sulfate required an equiva- 
lent of 108,400 tons of zinc in ore of 
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which domestic sources provided 67 per- 
cent. The 66, 800 tons of zinc in ores used 
directly in these compounds represents 12.6 
percent of the domestic output of recover- 
able zinc in ore. 

Lithopone, a coprecipitate of zinc sulfide 
and barium sulfate, primarily used as a 
white pigment in paints, fabrics, paper, 
and rubber, was produced but data cannot 
be published without disclosing individual 
company confidential data. 
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Figure 2.— Trends in shipments of zinc pigments. 
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Consumption and Uses.—The leading 
use of zinc oxide was in rubber which 
required 52 percent of tonnage shipped. 
Consumption in rubber has increased sig- 
nificantly in the last decade, from 68,200 
tons in 1958 to 111,800 tons in 1968. A 
small increase in paints reversed the down- 
trend in this area and ceramics was, also, 
slightly higher. Use in chemicals has 
doubled since 1965 and photocopying since 
1966. Agriculture is rapidly becoming a 
major consumer of oxide as a plant and 
animal feed supplement. 

Leaded zinc oxide continued to decrease 
significantly as a paint pigment although 
increasing slightly in other areas, espe- 
cially in the low lead grades. Manufacture 
of zinc chloride and allied chloride com- 
pounds consumed 14,100 tons of zinc for 
industrial use in batteries, solder flux, 
fungicides, and vulcanizing. The chief uses 
for 54,100 tons, dry weight, of zinc sulfate 
shipments, a record amount, were in rayon 
and in agriculture. 


Prices.—The stability of the zinc price 
of 13.5 cents per pound throughout the 
year was reflected in the unchanged price 
of zinc pigments and compounds during 
the year. Lead-free zinc oxide prices in 
carload lots, freight allowed, in cents per 
pound, were as follows: 15.25 for Ameri- 
can Process, 17.50 for French Process, 
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Green Seal grade, 17.75 for French Process, 
White Seal grade. Leaded zinc oxide was 
quoted at 15.75 for the 35-percent grade 
and 16.50 for the 50-percent grade. 
Zinc sulfate (monohydrate, 36 percent) 
in carload lots, was quoted at 9.50 cents 
per pound throughout the year. Zinc 
chloride 50° Baumé, in tank cars, was 
quoted at 5.80 cents per pound until 
October 1 when increased to 6.20 cents. 


Foreign Trade.—Exports of zinc oxide 
were distributed among 40 countries with 
Belgium-Luxembourg, Canada, and Colom- 
bia the three largest recipients. Lithopone 
was shipped to 25 countries with Canada 
the major importer, folowed by South 
Vietnam. 

Imports of zinc pigments and compounds 
increased almost 10 percent in tonnage and 
22 percent in value. Zinc oxide imports 
of 15,600 tons represented almost 6 percent 
of the new supply as indicated by domestic 
shipments plus imports. Mexico was the 
largest supplier of zinc oxide followed by 
the Netherlands, United Kingdom, West 
Germany, and Canada. The leading sup- 
plier of zinc sulfide was West Germany 
who also supplied most of the lithopone. 
Zinc chloride was largely supplied by 
Belgium-Luxembourg and West Germany 
and Mexico was the predominant source of 
zinc sulfate. 


STOCKS 


Producer Stocks.—Stocks of slab zinc at 
producer plants amounted to 81,900 tons 
at the beginning of the year and after a 
drawdown during the first quarter to about 
63,000 tons at the end of March gradually 
built up to 85,000 tons at the end of 
August and then declined to 63,100 tons 
at yearend. Producer stocks, other than at 
plants, as reported by the Zinc Institute, 
ranged from a low of 7,200 tons in April 
to 15,500 tons at yearend. 


Consumer Stocks.—Slab zinc stocks held 
by consumers opened the year at 102,500 
tons but were reduced to about 74,000 tons 
at the end of November. À drop in con- 
sumption, increased metal imports, and 
continued high-level domestic production 
and shipment in December, however, in- 
creased stocks to 102,400 tons, only 100 
tons below that existing at the start of the 
year. 


PRICES 


The price of slab zinc in world markets 
was steady throughout the year after a 
downward adjustment in 1967. The quoted 
price of Prime Western grade, East St. 
Louis market, after a decrease from 14.5 
cents per pound to 13.5 cents, effective 
June 19, 1967, continued unchanged 
throughout 1968. The European producer 


price was also steady at 12.25 cents (U.S. 
equivalent). The London Metal Exchange 
(LME) monthly average range was narrow 
with a low of 11.7 cents in March and 
April and a high of 12.2 cents in August. 
The closing LME settlement price on 
December 29, 1968, was 12.01 cents per 
pound. 
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FOREIGN TRADE 


Exports of slab zinc increased to 33,000 
tons of which India received 98 percent, 
again reflecting deliveries of Government 
stockpile zinc in connection with contracts 
through the U.S. Agency for International 
Development. Export of rolled zinc items 
—sheets, plates, strip, etc.—continued to 
decline with shipment of 3,000 tons of 
which Canada imported 65 percent. Export 
of scrap and dross increased to 2,300 tons 
zinc content, and a major increase to a total 
of 15,000 tons in export of miscellaneous 
semifabricated zinc items was reported by 
the Bureau of the Census. 

General imports amounted to 546,400 
tons of zinc in ores and 306,500 tons of 
metal. The import of ore was believed to 
be a record high surpassing the 539,000 
tons received in 1943. The 306,500 tons of 
zinc metal imported was also a record 
surpassing the 269,000 tons received in 
1957 just prior to imposition of import 


WORLD 


Statistical summaries of world zinc pro- 
duction and consumption compiled by the 
Bureau of Mines, American Bureau of 
Metal Statistics (ABMS), and the Inter- 
national Lead and Zinc Study Group, vary 
in reporting base, sources, and scope of 
estimating. Free world mine production 
thus ranges from the 4.17 million ton total 
of ABMS through the 4.37 million ton 
total of the Bureau of Mines to the 4.39 
million tons of the Lead and Zinc Study 
Group. The addition of the Bureau of 
Mines estimate of 1.1 million tons mined 
in communist areas, excluding Yugoslavia, 
results in a world total of 5.47 million tons, 
an increase of almost 2 percent over the 
1967 total. Smelter output also varies 
widely with the Bureau of Mines reporting 
insofar as possible, primary metal while 
the Lead and Zinc Study Group reports 


slab zinc output from both primary and 
secondary sources. Free world smelter out- 
put of zinc thus ranges from 3.91 million 
tons reported by the Bureau of Mines 
through 3.96 million tons reported by 
ABMS to the 4.03-million-ton total of the 
Lead and Zinc Study Group. In addition, 
the communist areas, excluding Yugoslavia, 
are estimated to have produced 1.1 million 
tons, thus giving a world smelter output of 
some 5 million tons in 1968, an 11-percent 


quotas in 1958. 

Canada and Mexico contributed 83 per- 
cent of the total ore and Canada, Peru, 
and Japan provided 71 percent of the 
metal. 

Imports of zinc fume for consumption, 
all from Mexico, amounted to 18,509 tons 
(zinc content). A large part of the fume 
was previously imported under bond and 
entered with payment of duty in 1968. 

Lead and zinc were excluded in the 
Kennedy Round of tariff discussions under 
the General Agreement on Tariff and 
Trade and duties on unmanufactured zinc 
and zinc containing materials remained 
unchanged and were as follows: Slab zinc, 
0.7 cent per pound; zinc ores, concentrates, 
and fume, 0.67 cent per pound (on zinc 
content less certain allowable deductions 
for processing losses); zinc scrap, 0.75 
cent per pound; and zinc dust, 0.7 cent 
per pound. 


REVIEW 


increase. The Lead and Zinc Study Group 
reports metal production and metal con- 
sumption on the same basis and the free 
world consumption of 4.05 million tons of 
zinc compared with 4.03 million tons pro- 
duced indicates a shortage of 20,000 tons 
in new metal. This is supported by the 
producer stock drawdown of 35,600 tons 
during the year. 

Mine production expanded significantly 
in Finland, Ireland, Italy, Spain, and Yugo- 
slavia, and the overall increase for Europe 
approximated 75,000 tons in ore. European 
metal production also showed a major in- 
crease of 195,000. African output increased 
due to the larger output in Zambia. The 
increase in mine output in Canada and 
Peru was countered by the decrease in the 
United States to provide a net increase 
of only 4,000 tons in North and South 
America. Smelter production increased, 
however, in all of the metal producing 
countries. Mine production in Asia in- 
creased and, although Japanese mine out- 
put was only slightly higher, smelter output 
in Japan continued the upward trend with 
a 1/-percent increase based mainly on 
imported ore. Australia increased mine and 
smelter production at approximately the 
same rate. 
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Algeria.— Algerian zinc ore production, 
which declined drastically in 1966-67, due 
to nationalization and subsequent shutdown 
of the El Abed mine near the Moroccan 
border, increased in 1968 with resumption 
of operations. The Government announced 
plans to construct a concentrator of 
100,000-ton-per-year capacity at the El 
Abed mine and also equip the Kerzet- 
Yousof and Kef Oum Thebaul mines with 
concentrators. The development plan also 
included a zinc electrolytic plant of 10,000- 
ton capacity at Ghazouch. 


Argentina.—Cía. Minera Aguilar, S.A., 
a wholly owned subsidiary of St. Joseph 
Lead Co., proceeded with expansion of its 
mine and mill in Jujuy Province and 
despite interruptions due to the installation 
of new equipment, mined and milled ap- 
proximately the same tonnage as in 1967. 
Zinc concentrate production was 51,100 
tons. 

Compania Sulfacid, S.A., an Argentine 
corporation with a plant at Rosario and 
50-percent owned by Minera Aguilar, 
proceeded with plans to increase roaster 
and electrolytic tank capacity and even- 
tually double the plant capacity. Compania 
Metalürgica Austral's zinc smelter, located 
at Comodoro Rivadavia, also partially 
owned by Minera Aguilar, continued opera- 
tions at a satisfactory level in 1968.“ 


Australia.—Mine production was run- 
ning at a rate of 415,000 tons at the end 
of the first quarter but onset of labor 
difficulties at Broken Hill in mid-May 
lowered production drastically until normal 
operations were resumed at the end of 
August. Commissioning of the new K-57 
shaft at Mount Isa Mines Ltd. released 
the U-52 shaft for production of lead- 
zinc ore and while total ore production 
decreased slightly during fiscal 1967-68, 
production of zinc increased from 39,300 
tons to 54,900 tons.” The new slag fuming 
plant and electrolytic zinc refinery of The 
Broken Hill Associated Smelters Pty. Ltd., 
at Port Pirie, came on stream at the end of 
1967 with an annual capacity of 60,000 
tons of refined zinc. Plans to treat other 
dumps of zinc-bearing residues were an- 
nounced independently in November by 
Mount Isa Mines Ltd., and E. Z. Indus- 
tries Ltd. À continuation of power restric- 
tions due to water shortages in Tasmania 
curtailed production at the Risdon Works 
of E. Z. Industries Ltd. until June and 
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production in fiscal 1968 decreased from 
143,900 tons to 129,800 tons. 

Austria.—The one lead-zinc mine oper- 
ated by Bleiberger Bergwerksunion, A.G., 
produced about 9,000 tons of recoverable 
zinc. The company's electrolytic plant pro- 
duced 15,700 tons of zinc metal with 
additional concentrates obtained from the 
nearby Italian mine of Miniere Cave del 
Predil, S.A. Expansion of the Austrian 
mine is underway with a planned increase 
of 70 percent in output. 


Canada, Mine production of zinc estab- 
lished a new record for the seventh con- 
secutive year and as the world's leading 
zinc producer, the 1.27 million tons repre- 
sented 23 percent of the world total. 
Although the four Canadian primary smelt- 
ing plants operated below rated capacity, 
the 427,000 tons was 5 percent above the 
1967 output and rates Canada as the fourth 
largest zinc metal producer in the world. 
Exports of zinc in concentrates also in- 
creased by some 13 percent. 

Cominco, Ltd., continued to be the 
dominant zinc producer in Canada with 
large mines operating in British Columbia 
and Northwest Territories, and the world's 
largest electrolytic zinc plant at Trail, 
British Columbia. Output of refined zinc 
was 210,000 tons compared with 202,000 
tons in 1967. Ore purchased from Pine 
Point Mines Ltd. (69-percent owned by 
Cominco, Ltd.) provided 50 percent of 
the lead-zinc metal produced at Trial, 
British Columbia. The totally-owned Sulli- 
van and Bluebell mines proved 41 percent 
and the remainder came from slags, resi- 
dues, and ore purchased from other mines. 
High-grade ore shipments from Pine Point 
accounted for 47 percent of the total sales 
revenue in 1968 and were terminated in 
mid-December with exhaustion of presently 
available high-grade ore reserves. The ore 
body acquired from Pyramid Mining Co. 
Ltd., adjoining the Pine Point ore body, 
was prepared for production on schedule 
at the end of 1968 and the 3,000-ton-per- 
day concentrator addition to the Pine Point 
mill was completed and in startup testing 
in December.” 

Ecstall Mining, Ltd., a subsidiary of 
Texas Gulf Sulphur Co., completed the 
first full year of operation at the Kidd 

14 St. Joseph Lead Co. 
pp. 13-16. 

15 American Er a Bez: Refining Company. 
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Creek mine near Timmins, Ontario, and 
milled 3.6 million tons of ore to produce 
962,400 tons of 52-percent zinc concen- 
trates: for sale to smelters in the United 
States, Europe, and Japan.” 

Hudson Bay Mining and Smelting Co., 
Ltd., operated the Flin Flon, Chisel Lake 
and Schist Lake zinc-copper mines and 
produced 131,300 tons of 48-percent zinc 
concentrates. 

Brunswick Mining and Smelting Corp., 
Ltd., operated the No. 12 mine and No. 6 
mine throughout the year. Ore milled from 
No. 12 amounted to 1.7 million tons 
averaging 9 percent zinc and produced 
221,100 tons of zinc concentrates. Reserves 
are estimated at 60.8 million tons of ore. 
The No. 6 mine output was 867,000 tons 
averaging 6 percent zinc. Reserves were 
estimated at 17.8 million tons. The initial 
plan of producing low-grade, zinc-lead 
concentrate for the Imperial Smelting Fur- 
nace feed was modified to a higher grade 
to improve smelter operation. The East 
Coast Smelting and Chemical Company, 
Ltd., operated the Imperial Smelting plant 
at Belledune, New Brunswick, throughout 
the year and produced 25,160 tons of slab 
zinc.“ 

Plant construction and pit preparation 
continued at the property of Anvil Mining 
Corp., Ltd., 60- percent owned by Cyprus 
Mines Corp. and 40- percent by Dynasty 
Exploration, Ltd. Three million cubic 
yards of waste have been removed from 
the open pit. Approximately 50 percent of 
preproduction stripping has been completed 
and development of a townsite was started 
in late 1968. The road link from White- 
horse to the mine was completed during 
the year and development of power facili- 
ties were underway. Production is expected 
late in 1969 with an annual rate of 240,000 
tons of zinc concentrates expected at full- 
scale operations.” 


Finland.—The state controlled mining 
firm Outokumpu Oy increased ore produc- 
tion 13 percent in 1968 compared with 
the previous year’s level and zinc concen- 
trates amounted to 132,600 tons for the 
year. Construction of a zinc smelting plant 
at Kokkola with an annual capacity of 
90,000 metric tons of metal is underway 
and scheduled for completion in 1970. 


India.—Smelter production increased 
from 3,400 tons to 22,800 tons with the 
first full year of operation of the Cominco- 
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Binani Zinc Ltd. smelter, a joint venture of 
Metal Corporation of India, Ltd., and 
Cominco, Ltd. (Canada), commissioned 
in April 1967, and also, the Government- 
owned Hindustan Zinc Ltd. in Rajasthan 
commissioned in November 1967. 


Iran.—The new mill operated by Rio 
Tinto-Zinc Corp. Ltd., at the Kouchke 
mine, reached designed capacity of 600 
tons per day and production of 50,000 
tons of mixed lead-zinc sulfide concentrate 
per year will be exported to European 
smelters. The mine has developed 5 million 
tons of 16-percent combined lead-zinc ore 
and is owned by Rio Tinto, Société Miniere 
et Métallurgíque de Penarroya, and the 
Iranian company, Simiran. 


Ireland.—The Republic of Ireland in 
less than 3 years has become a major lead- 
zinc producer. The Tynagh mine in Galway 
which began production in December 1965, 
produced about 18,000 tons of zinc and the 
Mogul of Ireland operation in Tipperary 
began milling ore in May 1968. Concen- 
trates are smelted on the Continent but 
studies are underway relative to establish- 
ment of a lead-zinc smelter-refinery com- 
plex in Ireland. 


Japan.—The new Imperial Smelting Fur- 
nace of Hachinohe Smelting Co., owned 
by six Japanese metal producing com- 
panies, approached completion at the end 
of 1968. This smelter, with an annual 
capacity of 60,000 tons of zinc, will in- 
crease total capacity in 1969 to about 1.6 
million tons, divided among nine companies. 


Peru.—Mitsui Mining and Smelting Co. 
Ltd. of Japan began operations at the 
Huanzala mine with an expected monthly 
output of 5,000 tons of flotation concen- 
trates. Reserves were estimated at 2.2 
million tons containing 13 percent zinc 
and 7 percent lead. Companía Minerales 
Santander Inc., a subsidiary of St. Joseph 
Lead Co., completed the 700-foot shaft and 
related facilities during the year and trans- 
ferred ore production from the open pit to 
the underground mine. Production in 1968 
was 69,200 tons of zinc concentrates.” The 
output of zinc by Cerro de Pasco Corp., a 
subsidiary of Cerro Corp., was essentially 


p Texas Gulf Sulphur Co. Annual Report. 1968, 
18 Brunswick Mining and Smelting Corp., Ltd. 
Annual Report. 1968, pp. 6-9. 
jas FUE Mines Corp. Annual Report. 1968, 


E ER Joseph Lead Co. Annual Report. 1968, 


p. 
p. 
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the same as in 1967. Refined zinc, how- 
ever, increased to 72,600 tons from 68,000 
tons with a corresponding decrease in ex- 
port of zinc in concentrates. Zinc from 
purchased ores also decreased from 5 per- 
cent of the total to 4 percent in 1968. 


Poland. 
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at the integrated zinc-lead works of 
Zjednoczenie Gorniczo-Hutnicze Metali 
Nuzelaznych at Miasteczko, in Upper 
Silesia, was placed in operation in early 
November. A new lead-zinc mine at Olkusz 
near Iirakon, was placed in operation in 
December and construction continued at 
other mines in this district. 


TECHNOLOGY 


A comprehensive coverage of zinc tech- 
nology as reported in various scientific and 
technical publications was included in the 
jont monthly publication of the Zinc 
Development Association (London), and 
Zinc Institute Inc., New York, and pre- 
sented as a list in the annual index. This 
publication will be sent, free of charge, 
upon request addressed to Zinc Institute 
Inc., 292 Madison Ave., New York, N.Y. 
10017. 

The International Lead-Zinc Research 
Organization (ILZRO) sponsored numer- 


21 Cerro Corp. Annual Report. 1968, p. 4. 

22 Gabler, Robert C. Jr., and Maurice J. Peter- 
son. A Comparison of Five Spectrochemical 
Methods for the Analyses of High Purity Zinc. 
J. Appl. Spectroscopy, v. 22, No. 1, January- 
February 1968, pp. 19-23. 

Powell H. E. „ and Lee N. Ballard. Magnetne 
Susceptibility of Copper. Lead-, and Zinc- 
Bearing Minerals. BuMines Inf. Cire. 8383, 1968, 

pp 

23 Neumeier, L. A., J. T. Dunham, and P. G. 
Barnard. Evaluation of Rolling Slabs of Zinc- 
Copper-Titanium Alloys Cast Under Semicon- 
tinuous Conditions. BuMines Rept. of Inv. 7089, 


?4 Jolly, J. L., and A. V. Heyl. Mercury and 
Other Trace Elements in Sphalerite and Wall- 


ous projects to develop basic information 
on specific applications of zinc. Reports 
relating to these projects are published in 
the ILZRO Research Digest and are avail- 


able, also, upon request from the Zinc 
Institute, Inc. 

The results of Bureau of Mines research 
on analytical methods for zinc minerals? 
and on rolling of zinc alloys were 
published.” 

The U.S. Geology Survey published 
several reports relating to area geology of 
zinc deposits and zinc resources.“ 


rocks From Central Kentucky, Tennessee, and 
Appalachian Zinc Districts. U.S. Geol. Survey 
Bull. 1252-F, 1968, pp. F1—F29. 

Reed, B. L., and R. L. Eliott. Lead, Zinc, and 
Silver Deposits at Bowser Creek, McGrath A-2 
TA Alaska. U.S. Geol. Survey Circ. 559, 
1 1 

Segerstrori: Kenneth. Geochemical Prospect- 
ing for Copper, Lead, and Zinc in the West- 
Central Part of the Negaunee Quadrangle, 
Marquette County, Mich. U.S. Geol. Survey Map 


I-559, 1968 

Sharp, W. N., and J. L. Gualtieri. Lead, 
Copper, Molybdenum, and Zinc Geochemical 
Anomalies South of the Summitville District, 
Rio Grande County, Colo. U.S. Geol. Survey 


Cire. 557, 1968, 7 pp. 
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Table 2.—Mine production of recoverable zinc in the United States, by States 


(Short tons) 


State 1964 1965 1966 1967 1968 

ATIZ0h8 EE 24,690 21,757 15,985 14,330 5,441 
ier oe EA 143 225 335 441 8,525 
el EEN 53,682 53,870 54,822 52,442 50,258 
Idaho. EEN 59,298 58,034 60,997 56,528 57,248 
THI Ipo] u edle esse 8 13,800 18,314 15,192 20,416 18,182 
II Ee 4,665 6,508 4,769 4,765 3,012 
Kentucky. o lle vex Ee, 2,068 5,654 6,586 6,317 19,702 
MaDe et ⁵ ⁵ EE (1) 
Missouri. o toes sec ee ee eke 1,501 4,312 8,968 7,430 12,301 
Montags. 29,059 33,786 29,120 3,341 I 
E, TEE 582 8,858 5,827 3,035 2,104 
New Jers ß 82,926 38 , 297 25,287 26,041 25,668 
New Mexico 29,833 36,460 29,296 21,380 18,686 
New York... ³⁰ oh D us tes 60,754 69,880 13,454 70,555 66,194 
Oklahoma -aaa aaan 12,159 12,715 11,237 10,670 6,921 
Oregon- ns ken bees W LEE 
Pennsylvania... ....... 2 L2 l2 L2 L2 LL lll2.2- 30,754 27,635 28,080 35,067 30,382 
enn cdoccocentacssiec 115,943 122,887 103,117 113,065 124,039 
Utah- ereraa m ͤi md k LE 31,428 27,747 37,323 34,251 33,153 
MITEIDIH. uoces es Dude cci du 21,004 20,491 17,666 18,846 19,257 
Washington 24, 296 22,230 24,772 21,540 13 , 884 
Wisconsin- gg 26,278 26,993 24,775 28,953 25,711 

ill ete 574,858 611,153 512,558 549,413 529,446 


W Withheld to avoid disclosing individual company confidential data; excluded from total. 
! Production of Kentucky and Maine combined to avoid disclosing individual company confidential data. 


Table 3.—Mine production of recoverable zinc in the United States, by months 


(Short tons) 


Month 1967 1968 Month 1967 1968 
January 43,173 42,894 August 48,821 46,679 
February ---------- 43, 501 41,985 September 43,283 45,081 
ER la 50,817 41,667 October_______ 2-522» 43,779 47,038 
e ee 49,528 43,723 November..............-- 41,814 44,178 
May ae eee eee 50,493 45,297 December! 41,537 43,254 
^ LLL NR v 47 ,967 44,664 


July- 44,700 42,986 Totalll. 549,413 529,446 
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Table 4.—Twenty-five leading zinc-producing mines 
in the United States in 1968, in order of output 


Rank Mine County and State Operator Sou rce of zinc 
1 Balmat............ St. Lawrence, N.Y.... St. Joseph Lead Coo Zinc ore. 
2 Friedensville....... Lehigh, Pa The New Jersey Zinc Co........ Do. 
8 Sterling Hill....... Sussex, N. JI. „ rues d 7 Zum ua Sae Do. 
4 Young...........- Jefferson, Tenn American Zine Co.............. Do. 
5 Eagle Eagle, Colo.......--- The New Jersey Zinc Co Zinc ore, silver ore. 
6 Bunker Hill.. Shoshone, Idaho...... The Bunker Hill Co .--_....---- Lead-zinc, zinc 
ores, silver 
tailings. 
7 Zinc Mine Works... Jefferson, Tenn United States Steel Corp Zinc ore. 
8 ir o ie and Wythe, Va The New Jersey Zinc Co Do. 
vanhoe. 
9 New Market Jefferson, Tenn....... New Market Zinc Co Do. 
10 Edwards St. Lawrence, N. V... St. Joseph Lead Coo Do. 
11 Jefferson City...... Jefferson, Tenn....... The New Jersey Zinc Co Do. 
12 Star-Mornin g Shoshone, Idaho Hecla Mining Coo Lead-zinc ore. 
18 Idarado........... Ouray and San Idarado Mining Co Copper-lead-zinc 
Miguel, Colo. ore. 
14 U.S. and Lark..... Salt Lake, Utah...... United States Smelting Refining Lead-zinc ore. 
and Mining Co. 
15 Mascot No. 2 Knox, Tenn......... American Zinc Co.............- Zinc ore. 
16 Flat Gap Hancock, Tenn....... The New Jersey Zinc Coo Do. 
17 Shulilsburg......... Lafayette, Wiss Eagle-Picher Industries, Ine Do. 
18 Bur gin Utah, Utah.......... Kennecott Copper Corp........- Lead-zinc ore. 
19 Calhoun Stevens, Wash. ...... American Zinc Co. ............- Zinc ore. 
20 Copperhill......... Polk, Tenn.......... Tennessee Copper Co........... Copper-2inc ore. 
21 Immel............ Knox, Tenn......... American Zinc Co. ............- Zinc ore. 
22 Page Shoshone, Idaho 8 š ee Smelting and Refining  Lead-zinc ore. 
ompany. 
23 Elmo No. 1........ Grant, Wis.........- The New Jersey Zinc Co Zinc ore. 
24 Fletcher Reynolds, Mo St. Joseph Lead Coo Lead ore. 
25 Deardorff Group... Hardin and Pope, Ill.. Ozark-Mahoning Coo Fluorspar ore, 
zinc ore. 


Table 5.—Primary and redistilled secondary slab zinc produced in the United States 


(Short tons) 
1964 1965 1966 1967 1968 
Primary 

Fori domestic ores.......... 531,967 551,215 523 , 580 438,553 499,491 
From foreign ores. .........- 422,117 443,187 501, 486 500,277 521,400 
Ill! eaa 954, 084 994 , 402 1,025,066 938,830 1,020,891 
Redistilled secondary ............- 71,596 83,619 83, 263 73, 505 79, 865 

Total (excludes zinc recov- 
ered by remelting)....... 1,025,680 1,078,021 1,108,329 1,012,335 1,100,756 


Table 6.—Distilled and electrolytic zinc, primary and secondary, 
produced in the United States, by methods of reduction 


(Short tons) 

Method of reduction 1964 1965 1966 1967 1968 
Electrolytic primary.............- 889,383 408,128 433 ,576 371,267 398,265 
Distilled occ oon e e als e ech 564,701 586,274 591,490 567 , 563 622 ,626 
Redistilled secondary: 

At primary smelters.........- 57,546 70, 306 71, 560 58,341 67, 101 
At secondary smelters........ 14, 050 13,313 11, 703 15, 164 12, 764 


Total ⸗ 1,025, 680 1,078,021 1,108,329 1, 012,335 1,100,756 
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Table 7.—Distilled and electrolytic zinc, primary and secondary, 
produced in the United States, by grades 
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(Short tons) 
Grade 1964 1965 1966 1967 1968 

Specie High Grade 468 , 748 479 , 736 452,722 436 , 849 449 ,659 
igh Grade 112 ,056 112,451 139,814 92,956 117,224 
Intermediate 19,050 17,985 23, 555 26,522 56,686 
Brass Special................... 81,034 86,695 103,184 91,079 75,840 
Select Uinc eae 8 826 n1 Rt 
Prime Western 944,466 380, 845 389 ,054 364 ,929 401,347 
Total... 1,025,680 1,078,021 1,108,329 1,012,335 1,100,756 


Table 8.—Primary slab zinc produced in the United States, by States where smelted 


(Short tons) 


State 1964 1965 1966 1967 1968 

h est AA 91,761 91,000 90,988 92,134 102,946 
rü 88 114, 866 114,131 96,809 115,659 119,657 
Meili 88 125, 334 143,927 174,821 111,834 142, 929 
Oklahoa aaa 150, 356 154,187 165, 162 163, 826 172,174 
Pennsylvania and West Virginia 262, 981 278,870 291, 403 271,192 302,884 
EIERE 208,786 212,287 205,888 184,185 180,301 
;·öĩêÄ nE 954,084 994,402 1,025,066 938,830 1,020,891 


Table 9.—Primary slab zinc plants by group capacity in the United States in 1968 


Slab zinc 
Type of plant Plant location capacity 
(short tons) 
Electrolytic plants: 
American Smelting and Refining Company. .............- Corpus Christi, Tex........) 
American Zine ᷑]᷑ ᷑ ⅛ è ⁰x y Sauget, III 
The Anaconda Company. // Anaconda, Mont 538,000 
PPP asua mA LI u.... aL u: Great Falls, Mont. ` 
The Bunker Hill CO0Ooo0o. LLL LL cl eee Kellogg, Idaho. ........... 
Horizontal-retort plants: 
American Smelting and Refining Company. ............- Amarillo, Tex............- 
American Zine Co ee 2222222222 2- Dumas, Tex. ............- 
Blackwell Zine Co., Amax Lead and Zinc, Ine Blackwell, Okla. .......... 
The Eagle-Picher Industries, Ine Henryetta, Okla..........- 
Matthiessen & Hegeler Zine Co. lll LaSalle, Ill. .............- 
National Zine e l. ‚‚ GA ³ꝛ¹ zi esses Bartlesville, Okla.......... 780,200 
Vertical-retort plants: | 
Matthiessen & Hegeler Zine Co. Meadowbrook, W. Va | 
The New Jersey Zinc 0o eee Depue, Il! 
| Bs gee a let calet er Al 8 Palmerton, fra | 
St. Joseph Lead C o Josephtown, Da 


! Plant closed July 1, 1961. 
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Table 10.—Secondary slab zinc plants by group capacity in the United States in 1968 


Slab zinc 
Company Plant location capacity 
2 (short tons) 
American Smelting and Refining Company. ................- Sand Springs, Ok la ) 
c EAS ott Trenton, N. JJ. | 
American Zine CO OOOOOOMOOMOOMOO.0Oooo. - Hillsboro, III.. 
Apex Smelting COO0OoOoOoꝛwoꝛ . Chicago, Il............... 
Arco Die Cast Metals Co-.... 2000au Detroit, Mie 
W. J. Bullock, Ine. reco . dens Fairfield, Aa | 
General Smelting Co. Bristol, PP 55, 900 
Gulf Reduction Co... Houston, T 
FFP ³»OWAA((ſ ³Ü%àZ9ham. md eh eee E El Segundo, Cali 
Pacific Smelting Coooꝛꝛꝛꝛꝛꝛ ~~ eee Torrance, Cali 
Sandoval , y Siue Sandoval, III. aa 
Superior Zinc Corp Bristol, Pa | 
eeling-Pittsburgh Steel Cor dd Martins Ferry, Ohio 


Table 11.—Stocks and consumption of new and old zinc scrap in the United States in 1968 


(Short tons) 
Consumption 
Class of consumer and Stocks Receipftpyↄq . nv —Eo.—-—. ——o_ F—s Stocks 
type of scrap Jan. 11 New Old Total Dec. 81 
scrap scrap 
Smelters and distillers: 
New clippings...........- 85 851 TG ee 776 160 
Old zinc 479 5;047 ^ pe a 5,111 5,111 415 
Engravers’ plates 650 8.400. c. ve 3,610 8,610 462 
Skimmings and ashes 10,190 66,790 64,098 ......... 64,093 12, 887 
Sal skimming s 383 417 416 .......-. 416 384 
Die-cast skimmings 5 2,249 5,887 o 5, 579 2,507 
Galvanizers’ dros ss 18, 105 73,979 77,4333 77, 436 9,648 
Die casting 8,808 89,928  ........- 41,099 41,099 2,627 
Rod and die scrap........ 197 1.144 x s I 197 
Flue dust 1,642 5,496 4,86. — 4,861 2,277 
Chemical residues 3,063 12,472 9,254 ........- 9,254 6,281 
// ² A N 35, 846 215, 378 162,415 50,964 213,379 87,845 
Chemical plants, foundries and 
other manufacturers: 
Nip)!!! T 
LR 2 F 1 1 4 
Rngravers pi8ton...— ˙·XàXX !.. ſſ))ſ)fſdſſſ / A 8 
Skimmings and ashes 3,786 9,106 1150811 eeie 11,051 1,841 
Sal skimmings........... 5,100 10,169 9,377 uenzxiess 9,377 5, 892 
Die-cast skimmings aie? een oe. eee. meow ease: wicca we 
Gelvanizers’ dross- oum. vosesaceus ee ee a ?T— 
Die castings. ss 25 310 22.25:l122 321 821 14 
Rod and die scrap__..-.-- 20 Ta Ee 48 48 45 
Flue dust 894 8,056 3,2498 3,243 207 
Chemical residues 1,177 25,282 25,336 9 25, 336 1,128 
Total 2222222028 10,504 47,999 49, 007 370 49,377 9, 126 
All classes of consumers: 
New elippings - - 85 851 er DEE T16 160 
d ----------- 481 5,050 5,112 5,112 419 
Engravers’ plates 650 3,4222222 3,610 3,610 462 
Skimmings and ashes 13, 976 75, 896 75,144 ( . . . -. 75,144 14,728 
Sal skimmings. .......... 5,483 10,586 9,798 ......... 9,793 6, 276 
Die-cast skimmings TOME 2,249 5,837 6,079. ee ee 5,579 2,507 
Galvanizers’ dross. ....... 13,105 73,979 6s 77,436 9,648 
Die eastings ....------- 3,828 40,2338 41,420 41,420 2,641 
Rod and die scrap.......- 217 r 1,192 1,192 242 
Flue ddt 2,036 8,552 8,104 ......... 8,104 2,484 
Chemical residues 4,240 37,754 34, 590 34, 590 7,404 
ST ⁵ĩ A es 46,850 268,877 211,422 51,384 262, 756 46,971 
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Table 12.—Production of zinc products from zinc-base scrap in the United States 


(Short tons) 

Product 1964 1965 1966 1967 1968 
Redistilled slab zinc 71,596 83,619 83,263 73,605 79,865 
Zinc dus decenas nda Mu 29 , 742 83 ,512 94,326 32,801 87,908 
Remelt epelter 2. : 22-2 Lll 2 lll L222.2222- 8,646 5,824 6,970 4,881 8,58 
Remelt die-cast sab 8,984 14,760 13,008 14,520 14,570 
Zinc-die and diecasting alloys. ..................- 5,116 5,463 4,833 8,882 4,128 
Galvanizing stocks - 1,684 1,450 1,585 1,690 2,107 
Secondary zinc in chemical products. .............- 36,130 47, 997 39, 834 38, 289 45, 654 


Table 13.—Zinc recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 
Kind of scrap 1967 1968 Form of recovery 1967 1968 
New scrap: As metal: 
Zinc-base................- 129,774 144, 039 By distillation: 
Copper- base 106,637 127, 463 Slab zine II. 72,595 78,681 
Aluminum- base 2,895 8,100 Zinc dust: 32,309 87,884 
Magnesium-base. ......... 234 324 By remelting.............. 6, 866 5, 500 
Total. A 289,540 274,926 S EE 111,270 121,465 
Old scrap: In zinc-base alloys............- 17,278 17,532 
Zinc-base................- 40,862 41,408 In brass and bronze 146,441 168,490 
Copper-base. ............- 86,142 35,390 In aluminum-base alloys. .....- 6,145 6,041 
Aluminum- base 3, 165 2,900 In magnesium-base allo ys 431 
Magnesium- base 140 99 In chemical products: 
— T Zine oxide (lead-free). ..... 17,255 19, 816 
Delf 8 80,309 79,797 Zinc sulfate 9,536 11, 860 
—— .F. Zinc chloride 11,236 18,347 
Grand total. . 319,849 354,723 Miscellaneous 262 1,131 
r L L. ss. 208,579 233,258 
Grand total. 819,849 354,728 


1 Includes zinc content of redistilled slab made from remelt die-cast slab. 


Table 14.—Zinc dust produced in the United States 


Value Value 
Shortt ——————————-—-—————— Short ——8ə ə=— 
Year tons Total Average Year tons Total Average 
(thousands) per (thousands) per 

pound pound 
1964. 45,979 $15,725 $0.171 19617... —oMwm?ĩ 50,278 $18,098 $0.180 
1965........- 51,958 19,328 .186 1968........- 61,566 22,041 179 
1966 — 55, 485 20,418 .184 


Table 15.—Consumption of zinc in the United States 


(Short tons) 
1964 1965 1966 1967 1968 
S mhh 6m c Re cU d 1,207,268 1,354,092 1,410,197 1,236,808 1,333,699 
Ores (recoverable zinc content)!........ 105,948 122,892 126,696 114,801 ' 121,109 
Secondary (recoverable zinc content)?... 222,535 265 , 083 269 ,650 240,888 270, 592 
e andara 1,535,751 1,742,067 1,806,548 1,591,997 1, 728, 400 


1 Includes ore used directly in galvanizing. 
2 Excludes redistilled slab end remelt zinc. 
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Table 16.—Slab zinc consumption in the United States, by industry use 


Industry and product 


Galvanizing: 


Sheet and strip.............. 
Wire and waw rope 


Tubes and p 


Fittings (for “tube and pipe)... 
Tanks and containers 
Structural shapes 
Fenn 


Fencing, wire cloth, and netting.... 


Job galvanizing............. 
Other and unspecified uses 


Brass products: 


Sheet, strip, and plate 
Rod and wire 
Tube. sce Een dL 
Castings and billets 

opper-base in gots 
Ot er copper-base products... 


Zinc-base alloy: 


Die casting allo 
ies and rod alloy........... 


Rolled e SR 


Other uses: 


NA Not available. 


(Short tons) 
1964 1965 1966 

EE 207,828 270,826 264,312 
aoe 42,798 43,884 39,114 
SUR 62,166 63,224 68,848 
SE 8,802 8,641 10,150 
e NA NA 4,285 
Ee NA NA 17,838 
EOD NA NA 4,940 
SES NA NA 11,400 

NA NA 15,821 
SE 44,954 51,011 NA 
je 40,893 44,835 59,859 
FUN 456, 336 482,421 495, 967 
— 64,701 58,864 97,095 
pout 41,246 45,510 60,079 
mit 10,402 10,030 12,148 
Ee 3,258 3,050 3,378 
eec 8,565 7,402 9,352 
ES 923 1,992 3,500 
tous 135,095 126,848 185, 552 
ee 517,854 629, 809 596,871 
ees 604 535 495 
ES 6,624 7,626 9,170 
sucus 624,582 637,970 606.036 
ee 44,181 45,882 52,612 
usui 19,991 25,781 28,438 
p 1,168 1,188 1,529 
Kid 2,898 2,444 2,776 
Ms 4,169 8,124 10,239 
PENES 18,758 23,434 27,048 
"E 27,083 35,190 41,592 
RN 1,207,268 1,354,092 1,410,197 


131,537 


1967 


236, 135 


A 
58, 486 


458, 605 


525, 960 


420 
8, 788 


535,118 


45,443 
29,774 


1,236,808 


161,906 


1968 


256,319 


A 
58,074 
481,817 


551,896 
807 
10,243 
562, 946 


48,943 
34,937 


1,333,699 


1 Includes zinc used in ae zine dust, bronze powder, alloys, chemicals, castings, and miscellaneous uses 


not elsewhere mention 


Table 17.—Slab zinc consumption in the United States in 1968, by grades and industry use 


Special 

Industry high grade 
Galvanizing........- 25,574 
Brass and bronze 49,825 
Zinc-base alloys. ...- 559,767 
Rolled ne... 1,274 
Zinc oxide 5,919 
Other 20, 948 
Total.......- 683,307 


1 Includes select grade. 


122,516 


(Short tons) 


Inter- 
mediate 


Brass 
special 


111,225 


10,097 
135,571 


Prime ! 
western 


318,699 
33,453 


379, 048 


Remelt 


5,279 


Total 


481,817 


48, 150 


1,333,699 
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Table 18.—Rolled zinc produced and quantity available 
for consumption in the United States 


1967 1968 
Value Value 
Shortt  ——————————— Short, ——>— — ] ¼ —V–. 
tons Total Average tons Total Average 
(thou- per (thou- per 
sands) pound sands) pound 
Production:! 
Photoengraving plate 12,002 $9,004 $0.375 12,004 $8,708 30.3868 
Other plate over 0.375 inch thick W W W W W W 
Sheet zinc less than 0.375 inch 
e ero er masis W W w W W W 
Strip and foil... ..............- 29,028 13,225 .228 31,468 14,037 223 
Rod and wire W W W W W W 
Total rolled zinc.............. 44,240 24,652 279 47,524 25, 804 272 
Jmporta. . .. . . ..... 648 276 .213 754 290 . 192 
POX POPS 6s ec en 552 222-6 3,565 2,709 . 380 3,048 2,228 .965 
Available for consumption AL.034. u^ 8 C11·˙·o ͤ— Rcx 
Value of slab zine (all ergadesal. 2222222- -a-a CJ ` ge .135 
Value added by rolling 139 8 137 


W Withheld to avoid disclosing individual company confidential data, included in total. 
1 Figures represent net production. In addition, 18,672 tons in 1967 and 21,9836 tons in 1968 were rerolled 
from scrap originating in fabricating plants operating in connection with zinc rolling mills. 
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Table 19.—Slab zinc consumption in the United States in 1968, by industries and States 


(Short tons) 
State Galva- Brass Die Other 3 Total 
nizers milis } casters ? 
Abe -MMMM 39, 008 SS W 40,172 
CJ ˙Üt ⁰⅛˙ ñ⁊ ͤ O OM ð = oaa W 
0000000 m Vd ͥͥſßſ ³ / YSul sm SSS W 
Gee, ⁵ĩðU ðͤ . cue 36,725 2,675 18,208 2,418 55,026 
Colorgdo POPES W W W. ¿22 22 8,855 
Connectiſuhl !!! 3,133 48 ,163 W W 52,1 
W AAA W N 1,498 
FlIopidag ¹ꝗ . A ra ee 3,0742 ---. N kes 
Georgii- <5 202202 c ⁵rð kd mr , 8 W: ZZ uu us W 
AWA WEE, JJC ·³·Ü.A· ud CUERO Me W 
ee e e ß e eee W W 
ieee ß ee 46,302 35,235 86,006 W 196,715 
iti. ³ĩVA ĩð C He 69,249 45,834 W 152,409 
7//%ð ; ⅛ov m.. EEN Ir W 1,569 
ADDAN 22s oe ee eee Teton W „„ 
Kentucky.. kn oe econ W. xen W 18,894 
11 Ol. TI CIC... S. Ee jö; iR eet d re MAE 1,252 
J77/öÜ;˙dĩſ᷑]⅛;ĩ? m a ⁵BBP Ü; ß W 
e . 2222.22.22 29,058 W Z Z< Ta W W 
Massachusetts , W ee se W 8,490 
Menn! aue wolgoxtdi 4,882 15,781 132,245 W 153, 368 
Minnesota... .. .. 2,510 W W W 
I! ⁰ K We ĩðVV! ˙¹¹wmꝛꝛ K --.-.-.-.-..-.. W 
IMBOUTM o %¾ . 7,736 W W W 18,244 
V ˙ͥ—ᷓYmnm... ] 9-7 ec wm. . ⁊⅛⁊ m ð v cui ea nisus W W 
Nebraska... . 0000an 1,208 N EE W 2,063 
New Hampshire AN eebe ste eseee W 
New Jersey...........---...------------ 8,170 5,689 W 2,565 W 
New York-......... ..... . .. toate meds 13,252 11,807 72, 879 W 104,701 
North Carolina Wo eat Soest W W , 504 
))) ]˙Üäij i a ee E E 92,701 W 86, 425 1, 205 
e, . eee ees 1 W 10, 095 
Ger èð K 588 W W Senet 1,154 
PennsylvaniaanaKnnn 63 , 481 W 25,664 W 144,875 
Rhode Island..........................- W Wo xo; SU ss W 628 
South Carolina.... W. uud de ` Feet, 208 2 m Mc 
Si jo f a (ce EE 
ennessee ccc cc cc cea cese ee 7558 W W 2, 507 
JJJ!üõͤõĩ§;§«ͤ0C—. kt oe ie 15,031 W W W 41,281 
e EORR M. uos . Vo Soinhnia 761 
F SZ I SDS y 281 84 W W 1,325 
Washington... 5906. dees EE 1,139 2,035 
West A is pec DO ERN Sut PR e 10,864 W ` beer W 13,974 
C EE 1,215 6,371 9,968 10 17,564 
Undistributed UE eee ORI recs SAL 8 24,868 89 ,358 90,139 119,654 281, ,971 
Total WEE 479, 548 159,513 562, 868 126,991 1,828,420 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed. we 
1 Includes brass mills, brass ingot makers, and brass foundries. 

2 Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 

3 Includes slab zinc used in rolled zinc products and in zinc oxide. 

4 Excludes remelt zinc. 


ZINC 


Table 20.—Production and shipments of zinc pigments 
and compounds’ in the United States 


1967 1968 
Shipments Shipments 
Produc- —————————————————- Produc- = 
Pigment or compound tion Value 2 tion Value 2 
S (short Short (short Short —ə— —ͥðĩ§ — 
tons) tons Total Average tons) tons Total Average 
(thou- per (thou- per 
sands) ton sands) ton 
Zinc oxide 3. 187,208 181,486 $50,300 $277 209,963 218,826 $58,944 $276 
Leaded zine oxide 3. 9,699 10, 306 2, 596 252 11, 125 7,995 2,030 254 
Zinc chloride, 50? 8. 50,853 61,229 W W 657,914 57,508 W W 
Zinc sulfat 48,847 48, 800 8,437 178 57,131 59,647 10,357 174 
W Withheld to avoid disclosing individual company confidential data. 
1 Excludes lithopone; figure withheld to avoid disclosing individual company confidential data. 
2 Value at plant, exclusive of container. 
3 Zinc oxide containing 5 percent or more lead is classed as leaded zinc oxide. 
* Includes zinc chloride equivalent of zinc ammonium chloride and chromated zinc chloride. 
Table 21.—Zinc content of zinc pigments’ and compounds 
produced by domestic manufacturers, by sources 
(Short tons) 
1967 1968 
Zinc in pigments and com- Total Zinc in pigments and com- Total 
pounds produced from— zinc in pounds produced from— zinc in 
Pigment or ————————————————————— pig- ———————————————————- pig- 
compound Ore Sec- ments Ore Sec- ments 
——  — Slab ondary and ————— Slab ondary and 
Domes-  For- zinc mate- com- Domes- For- zinc mate- com- 
tic eign rial pounds tic eign rial pounds 
Zinc oxide 65,719 29,057 29,774 25,131 149,681 80,218 28,651 36,541 27,366 167,776 
Leaded zinc oxide. 3,235 7777 cedrus 6,157 3,231 38800 8 7,117 
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Total 68,954 31,979 29,774 25,131 155,838 83,449 27,537 36,541 27,366 174,893 
W W 12, 080 W W 14,07 


Zinc chloride . 


Zinc sulfate 3,430 4,07 W 16,015 3,809 3,955 10,701 18,465 


W Withheld to avoid disclosing individual company confidential data. 


1 Excludes zinc sulfide and lithopone; figures withheld to avoid disclosing individual company confidential 


ta. 
2 Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 
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Table 22.—Distribution of zinc oxide and leaded zinc oxide shipments, by industries 


(Short tons) 
Industry 1964 1965 1966 1967 1968 
Zinc oxide: 
Rubber ³ A 98 , 568 103,057 104,866 94,388 111,797 
FF K eee 31, 176 30,249 27,100 24, 547 25, 864 
nie naa 9,447 10, 009 12,147 9,850 10,226 
Chemicals. 2. o A 11,365 13,678 17,509 22,769 
Ariete” ; NA 977 1,559 5,048 5,044 
Photocopying............-..........-.- NA W 11,405 14,089 21,564 
Coated fabrics and textiles W W W W W 
Floor covering 438 363 W W W 
; ³· Z eee eke 89,674 80,550 22 ,910 16,105 16 , 562 
OUR do er ee eh ee eee 174,303 186 ,570 198 ,665 181,486 213,826 
Leaded zinc oxide: 
Pans JJ EAE NER AAS ESA I 13,124 10,951 10,462 8,644 6,356 
(Ce TEE 
Other and unspecified Si Sk ct aga ore Pe eo J 489 899 1 , 095 1,662 1 , 639 
NK, EEN 18,618 11,850 11,557 10,306 7,995 


NA Not available. 
W Withheld to avoid disclosing individual company confidential data, included with “Other.” 


Table 23.—Distribution of zinc sulfate shipments, by industries 


(Short tons) 
x Rayon Agriculture Other Total 
ear —— ———— o —ö'iV—̃ ƷDZPͤ M OO p 

Gross Dry Gross Dry Gross Dry Gross Dry 

weight basis weight basis weight basis weight basis 
1964. 18,066 16,108 11,248 9,807 17,292 11,231 46,606 87,141 
1965... 24s 21,204 18,886 14,331 12,449 15,009 10,637 50, 544 41,972 
1988988 8 18, 659 16, 562 19,334 16,891 13,705 9,372 51,698 42, 825 
193 25. 2-2 W W 17,156 14,803 81,644 24,742 48,800 89,545 
8 W W 20, 472 17,631 39,748 36,470 60,220 54,101 


W Withheld to avoid disclosing individual company confidential data, included with “Other.” 


Table 24.—U.S. exports of zinc pigment 


1967 1968 
Kind ——rD—N T F—=— — — 
Short Value Short Value 
tons (thousands) tons (thousands) 
el TEE 8,440 $1,064 8,640 $1,202 
Feeds ee BS 735 267 1,300 281 


fis mer AAA 4,175 1,831 4,940 1,483 
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Table 25.—U.S. imports for consumption of zinc pigments and compounds 


1967 1968 
Kind 
Short Value Short Value 
tons (thousands) tons (thousands) 

Zinc arsenat- LS TULLU eee see ͥ ⁰²mAA og s ë ë dins ed 2 $6 
Zeile dion eee 13 , 767 $2,567 15,651 3,072 
Zinc sulfide............. 2.2.2 LLL eee 431 143 534 176 
Lithopone.-... 22.22.9220 cnc memes 116 22 246 87 
Zinc chloride............ 2... 2222 2222. 1,167 197 2,063 412 
r . ae uie 3,291 351 2,196 285 
Zinc cyanide d 46 35 92 66 
Zine compounds n. s. p.). 170 89 154 148 
e EE 18,988 3,404 20, 838 4,152 


Table 26.— Stocks of zinc at zinc- reduction plants in the United States, Dec. 31 
(Short tons) 


1964 1965 1966 1967 1968 
At primary reduction polanta ------------ 30, 680 21,635 63,626 81,307 62,428 
At secondary distilling plants 498 987 1,172 609 684 
TOU MEME EMEN" 31,178 28,622 64,798 81,916 68 ,112 


Table 27.—Consumers stocks of slab zinc at plants, Dec. 31, by grades 


(Short tons) 
Date Special High Inter- Brass Prime Remelt Total 
high grade grade mediate special western 
Dec. 31, 196777 85,444 11,202 630 8,750 46,239 270 r 102,585 
Dec. 31, 196889898 48,180 6,418 454 6,567 40,577 242 102,438 
r Revised. 


Table 28.—Average monthly quoted prices of 60-percent zinc concentrate at Joplin, 
and common zinc (prompt delivery or spot), East St. Louis and London! 


1967 1968 
60-percent Metallic zinc 60-percent Metallic zinc 
Month zinc con- (cents per pound) zinc con- (cents per pound) 
centratesꝛy — ....  centrates 
in the Jop- East in the Jop- East 
lin region St. Louis London 23 lin region St. Louis London 23 
(per ton) (per ton) 
Januar ð . -....-.-- $92 .00 14.50 12.68 $84.00 13.50 12.08 
LK et EE 92.00 14.50 12.80 84.00 13.50 11.88 
March::u 2 sup s hee eee 92 .00 14.50 12.67 84.00 13.50 11.67 
F! PON 92.00 14.50 12.84 84.00 18.50 6 
AE 88.40 13.65 12.48 84.00 13.50 11.77 
VUNG S nac euo cua mensi Yus 2 86.00 13.57 12.44 84.00 13.50 11.75 
JJ 0 —ꝓ docu r 84. 00 13. 50 12. 03 84. 00 13. 50 12.03 
August... Lu u Zl 8 84.00 13.50 12.09 84.00 13.50 12.17 
September.......-.--.-.-__._.- 84.00 18 .50 11.91 84.00 13.50 11.90 
October- -2-2-2-2 84.00 13.50 11.88 84.00 13.50 11.83 
November 84.00 18.50 12.40 84.00 13.50 11.95 
December 84. 00 13. 50 12. 06 84. 00 13. 50 12.06 
Average for year 87.20 13.85 12.37 84.00 18.50 11.89 


1 Joplin: Metal Statistics, 1969. East St. Louis: Metal Statistics, 1969. London: Metals Week. 
A : conversion of English quotations into U.S. money based on average rates of exchange recorded by Federal 
eserve Board. 


3 Average of daily mean of bid and asked quotations at morning session of London Metal exchange. 
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Table 30.—U.S. exports of zinc by classes 


Slabs, pigs, Sheets, , plates, strips, Zinc scrap and Semifabricated 
or blocks or other forms, dross forms, n.e.c. 
n.e.c. (zinc content) 
. — —2. — —— — n — — A EE €—————— 
Year Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons Leer 
sands) sands) sands) sands 
Ez >, eee a rss s u 
1966 ... 1,406 $749 4,921 $3,198 4,469 $702 8,084 $1,894 
1967........--- . 16,809 4,287 8,565 2,709 1 665 530 2.161 1,177 
19688. — 88,011 9,797 3,048 2,228 2,298 886 15, 000 3, 840 


Table 31.— U.S. imports of zinc, by countries 


1966 1967 1968 
Country —— n A —nT— V — — c IU—a—a——əxD”]'. 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
— 164 $24 9,264 $1,258 

ria ——À tere te te te E , T = 
ed 4,884 842 4,896 2,267 $410 
Bolivia 5, 788 903 9, 576 1,450 9,027 1,510 
Canada 272, 950 36, 508 289,887 42,045 310, 586 46,625 
Germany, West „627 248 94 „942 881 
Gugtemah. 818 GO ule s cet ⁰ eru uA K 
Hondurag. 10,776 1,499 9,727 1,362 12,959 1,759 
Mexico-------- ste tees ce 114,677 13,346 119,185 13,889 142,313 16,852 
Moroceeooooo 7,407 1,177 6 516 862 15,715 1,426 
Nena Naas le BOR he PIENE 8,198 580.: EEN 3,813 418 
T PE ͤ EA 78,254 11,081 69,357 9,646 39,899 6,071 

South Africa, Republic of 12,565 2,261 8,419 1,686 4,287 
Yugoslavia- ..--..-------------- 769 be 
Other... ß 435 66 1,627 220 74 15 
rr ( 521,320 70,098 534,092 74,010 546,382 76,110 

BLOCKS, PIGS, OR SLABS 

Australia 27,007 7,588 7,187 1,708 19,915 4,627 
Belgium- Luxembourg 27,469 7,012 16, 100 3, 995 16, 500 4,080 
Canada. erter 116,778 82,591 80,487 21,784 118,701 80,489 
Congo (Kinshasa) 12,814 3,357 2,921 728 8,146 1,850 
Germany, Weste 6,062 1,562 939 Ü -; VSS us 
JRDA GE 19, 805 5,274 41,621 10,488 45,735 11,115 
Mexieo Ņina 22, 702 5, 368 18,673 4,985 19,084 4,150 
Norway 4,082 1,077 3,753 951 j 1,556 
OP EE m 5m EE 30, 805 8, 556 33, 568 8, 873 53, 729 13, 655 
, ee Lek 5,421 1,452 9,870 2,607 9,454 2, 866 
D JJ ͤ ⁵ SRM. 926 145 2,094 564 2,871 691 
ited KingdowHmmↄm1 268 16 1,146 251 3,398 803 
Yugoslavia. __.......-..-.-.--- 551 146 474 h; 8 
OP Ge ö K ĩðͤ maq u 3, 545 827 3,280 789 2,779 675 
dk EE 278, 175 75,026 222,112 57,502 806,540 76,006 


Table 32.—U.S. imports for consumption of zinc, by classes 


Ore (zinc content) Blocks, pigs, and slabs Sheets, plates, strips, 
and other forms 
Year ——  —OOsI —  ——ÑhOə-oxc<—_ L“WY— v 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1966............... 896,875 351,698 280,307 $75,624 1,708 3670 
19061... oo ¿uu 481,319 58,075 222, 002 57,531 648 276 
196889. 481,787 68,466 806,651 76,035 754 290 
Old and worn out Dross and skimmings Zinc dust To 
————— — — n V — T TT -— hA value 
Short Value Short Value Short Value (thousands) 
tons (thousands) tons (thousands) tons (thousands) 
19666 2,032 $402 4,531 $893 1,286 $398 $129,683 
199 8 1,465 240 2,498 438 8,771 1,211 117,766 


1968... ee 2c2 878 119 581 63 8,100 2,443 147,416 
1 In addition, manufactures of zinc were imported as follows: 1966, $545,008; 1967: $318,287; 1968: $446,555. 
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Table 33.—U.S. imports for consumption of zinc, by countries 


1966 1967 1968 
Country — eee 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
ORES 
Jeo m unum u s 164 $24 9,264 $1,258 727 $122 
EUREN ]́⅛ ]² ̃ 3,334 1,236 235 
Bolivia 321 65 187 18 5,603 950 
(Canada. l l... OL... ¿SS 233 , 093 80,842 274,854 38, 584 301, 306 44,459 
Germany, West 5, 945 964 24 F)) 
Guatemala , 818 GS -————Á—— 9 1 
Honduras 677 143 1,612 268 6,531 925 
Mexico.....................- 87,112 9,588 83, 653 9,228 101, 554 11,204 
Moroccb oo 2, 784 536 3,318 414 15, 675 1,897 
Netherlands... l. ¿l ] ꝶ VVV d eet 8,318 418 
EE vy y 8 52,718 7,113 45,274 6,074 40,237 7,368 
South Africa, Republic of- 12 ,440 2,241 9,584 1,845 5,466 851 
HE 803 117 265 28 130 30 
d WEE 896,375 51,696 431,319 58,075 481,787 68,466 
BLOCKS, PIGS, OR SLABS 
Australia.................... 27 ,007 7,588 7,187 1, 703 19,915 4,627 
Belgium-Luxembourg......... 27,469 7,012 15,989 4,016 16,611 4,109 
anada... Â... 116,758 82 ,588 80 , 482 21,791 118,701 30,489 
Congo (Kinshasa). ..........- 12,814 8,357 2,921 8,146 1,850 
Germany, West 6,068 1,562 939 37 Secu s 
/ ˙·¹¹ eke Uns rA ES 21,712 5,818 41,621 10,483 45, 735 11, 115 
rr Suess owes 22 ,773 ,383 18,673 : 19,034 4,150 
Norway sss „08 1,077 3,753 951 6,272 1,555 
.. 30, 854 8, 568 88,568 8,873 53,729 13,655 
Poland; u cl su cs su 2 ; 1,452 9,870 2,607 9,454 2 886 
pum Eur C 1,050 188 2,094 564 2,877 691 
nited Kingdom 258 16 1,145 250 3,398 803 
Yugoslavia.................- 551 146 474 130... 21222.225. 8 
EEN 8,545 819 8,286 791 2,779 675 


2 280 , 807 15,624 222 ,002 57,581 806 ,651 76,085 
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Table 34.—World mine production of zinc (content of ore), by countries 


(Short tons) 
Country ! 1964 1965 1966 1967 1968 p 
North America: 
Canada 729, 939 910,928 1,046, 968 1,248,965 1,273,249 
Guatemala (exports)....... ..........- r 956 r 995 r 478 NA 
enduras 3 EC 9,445 12,265 13,661 14,425 16,295 
Mexico 259,708 247, 888 241, 604 r 265,891 264, 575 
United States (recoverable). 574, 858 611,153 572 , 558 549,413 529,446 
South America: 
Argentina 25,257 32,715 r 29,151 29,981 e 80,000 
Boltvia ------------- 10,523 14,999 17,646 18,468 12,991 
erte ß Laici 5,750 NA NA e 5,300 
GIII. ⁵ĩðͤ 8 1,108 1,524 r 1,486 1,238 1,383 
Colombia e `... --------- 110 50 33 r 600 600 
Ecuador.................- 42 260 149 177 26 
e EE 260, 873 280, 533 284, 196 r 985,980 340, 720 
Europe: 
Austria 8,004 7,609 8,568 8,952 9, 894 
Bulgaria 70,775 73,036 e 90,000 e 88,200 e 88,200 
Einleng 69, 436 76,070 59,938 67,020 72,090 
France..............-..-- 18,564 23, 040 25, 677 27,193 e 24, ` 800 
Germany: 
East 95... 12222022222 11,000 11,000 13,000 13,200 13,200 
WV C80 e 8 122,699 120,284 r 117,910 126,252 121,471 
Greece -omunan 11,410 11, 660 8,600 11, 500 11,700 
Hungary 3,100 3,600 3,600 NA NA 
Ireland... ³Ü¹2»üA ics 1,584 27,300 33,069 58,422 
yE k - om:mq Sea eias r 180,414 r 127,316 r 128,308 137,457 154,102 
Norway 13,771 14,261 14,673 13,417 e 12,800 
Poland: lan cV Tuau 166,100 167 , 700 165,700 172,620 e 174,200 
Portugal...........-.....- 1,049 3,254 2,585 559 504 
SDA Nee cet ete 97, 509 43,283 r 63,079 65,154 88 , 389 
Sweden 85, 070 r 87,214 r 92,084 90, 168 89,617 
PC 470, 000 520, 000 550, 000 589 , 700 595,200 
i Vugosla via 101, 193 101,213 96,121 99,226 e 110,200 
rica: 
Alger! 38,932 42, 334 e 13, 000 e 11, 000 e 11, 000 
Congo (Brazzaville) ` ` ` 5,578 e 7,600 e 7,600 e 6,600 NA 
Congo (Kinshasa) 116,338 131,345 126, 600 133,981 139, 473 
Morocceoo . . . . 46,678 56,458 59,218 50,178 85,032 
South-West Africa, 
Territory of 85,311 82,936 31,132 r € 44,100 e 66,100 
Tunisia 3,68 5,222 6,387 4,577 5, 622 
" Zambia 52, 000 52,200 70,100 49,476 59, 304 
sia: 
BU —“e 8,438 8,579 e 7,000 e 5,100 4,409 
China, mainland e. 110,000 110,000 110,000 99,200 110,200 
Iii ³ 6,520 ,861 ,986 r 5,808 7,681 
CCC 17, 000 17, 000 19,000 26,500 27,600 
gapan EEN 238, 602 248, 633 279, 577 r 289,551 291, 300 
orea: 
North 110, 000 115, 000 115, 000 126, 800 126, 800 
Sikk 2,800 ,844 12,889 r 15,046 21,318 
Philippines 2,355 2,270 1,817 1,706 2,472 
Thailand................. 1,520 2,926 rr ee 
Turkey...............-.-. 6,268 8,000 3,770 4,066 5,377 
Oceania: Australia 385, 953 391,139 413 ,655 447, 528 463, 409 
Total? E r 4,440, 309 74,750,887 74,960,613 5,330, 519 5,471,071 
e Estimate. P Preliminary. r Revised. NA Not available. 


! Czechoslovakia produces concentrate for export, and Rumania and North Vietnam also produce zinc, but 
data are not available. 
? Year ended March 20 of year following that stated. 
3 Totals are of listed figures only. 
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Table 35.—World smelter production of zinc, by countries 


(Short tons) 
Country ? 1964 1965 1966 1967 1968 p 
North America: 
anada. . . ee eer 887,728 r 858 ,494 882 ,612 405,094 426 ,929 
Mexico 65, 506 69, 158 78,909 78,110 88,226 
United States 954,084 994 , 402 1,025,066 938,880 1,020,891 
South America 
Argentina...............- 24,500 26,000 24,563 e 25,400 e 28,100 
BBl; ² —Z—T—A— ée r 1,481 r 1,975 5,291 
Lu 6 ( 68,016 68,829 69,033 ; 75,085 
Europe: 
n ke Sooo ees 14,215 14,455 15,654 15,605 16,859 
Belgium dd 245, 308 264, 300 277, 500 50, 584 280,315 
Bulgaria 64, 657 72, 492 66, 000 ° 81,500 e 80, 
France................... 209,706 211,683 216,043 204 ,697 228 , 507 
Germany: 
East °... . cece ee 1,000 11,000 13,000 15,400 15,400 
West. 117, 988 118,724 135,558 118,154 184,481 
Ttaly eet ,488 89, 175 85, 130 „133 123, 760 
Netherlands 41, 559 44,997 45, 588 r 42,663 47,514 
Norway. ...........---..- 58 ,804 57 ,955 56,350 60,407 66,161 
Poland... cin 206 , 000 209, 900 218,000 216,051 223, 216 
pam Ricco M CE 71,028 58,991 r 59,227 11,610 83,0 
S.S. R. (primary) ..- zr 490, 590, 000 r 562, 200 595, 200 595, 200 
United Kingdom 122, 896 117,742 111,715 114, 970 157,491 
. Yugoslavia. .............. 49,066 50,778 56,316 58,629 87,059 
rica: 
Congo (Kinshasa) 61,237 62,853 67,800 67,7838 68,974 
1717 mus 51,491 52 ,289 46,600 49,035 58,574 
China, mainland (refined) *.. 100,000 100,000 100,000 88,200 99,200 
T eae Ku du eee case, aga Mame naf a 25 i r 3,350 22,817 
Japan JJC sete 848 , 420 405,433 489 , 598 r 569, 028 667, 504 
orea: 
North e h 75,000 80,000 80,000 88,200 88,200 
iw toe, MOD u 1,570 2,809 2, 709 
Oceania: Australia 207, 795 222, 867 217,789 217,807 230,138 
Pt! es * 4,070,982 * 4,852,671 * 4, 498, 252 4, 549, 667 5,017, 196 
* Estimate. p Preliminary. r Revised. 


! Data derived in part from the International Lead and Zinc Study Group Monthly Bulletin; Yearbook 
of the American Bureau of Metal Statistics; the United Nations Monthly Bulletin and Statistical Yearbook; 
Statistical Summary of the Mineral Industry (Overseas Geological Surveys, London); and Metal Statistics 
(Metallgesellschaft), West Germany. . 

2 Czechoslovakia, North Vietnam, and Rumania also produce zinc, but production data are not available. 
3 Includes production from rec scrap. 


* Totals are of listed figures only. 
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Zirconium and Hafnium 


By John G. Parker ! 


The domestic production of zircon in 
1968 was only slightly less than it was in 
1967. Consumption, however, rose almost 
7 percent and consumers had to draw on 
their stocks. 

Metal sponge production advanced by 
nearly 60 percent, owing to increased orders 
for zirconium alloys for nuclear reactors. 
Zircon usage in foundries also increased, 
as did production of milled zircon. Net 
imports of zircon increased about 2 per- 
cent to nearly 58,000 tons; Australia sup- 
plied 98 percent of the total. 

Legislation and Government Programs.— 
Stocks of non-objective zirconium mineral 
concentrate in the national stockpile re- 
mained at 16,514 tons of Brazilian bad- 
deleyite, with a content of 11,162 tons of 
zirconium dioxide (zirconia) and 1,721 
tons of low-grade material, with a content 
of 398 tons of zirconium dioxide. The 
Atomic Energy Commission had a yearend 


inventory of 1,150 tons of zirconium sponge 
and 38.5 tons of hafnium crystal bar. 


Table 1.—Salient zirconium and hafnium 
statistics in the United States 


(Short tons) 
1967 1968 
Zircon: 
Production..............- W W 
Eper eec 2,729 2,026 
Imports 59,303 59, 900 
Consumption 29 184,000 148,000 
Stocks, yearend, dealers 
and consumers 11. 48,000 46, 000 
Zirconium oxide: 
Production 222 r 8,865 8,864 
Producers’ stocks, 
yearend ?.............. r 1,267 1,077 


e Estimate. 1 Revised. 

W Withheld to avoid disclosing individual com- 
pany confidential data. 

1 Excludes foundries. 

2 Excludes that used in metal manufacture. 

3 Excludes that used in metal manufacture and the 
equivalent zirconia content of refractories. 


DOMESTIC PRODUCTION 


Byproduct zircon from the processing of 
titaniferous mineral sands was obtained 
from two dredges and a milling facility 
owned and operated by E. I. du Pont de 
Nemours & Co., Inc., on the Trail Ridge 
deposit, Florida. Additional output came 
from a dredge and mill run by Humphreys 
Mining Co. for Du Pont near Folkston, 
Georgia. Carpco Research and Engineer- 
ing, Inc. recovered a small quantity of 
zircon from tailings at the old Skinner 
mines, owned by National Lead Co. near 
Jacksonville, Fla., early in the year and 
then ceased operations. 

Five companies produced 44,100 tons of 
milled (or ground) zircon, an increase of 
11 percent from the revised 1967 figure of 
39,800 tons. The production of zirconium 
dioxide by four companies for other than 
metal manufacture amounted to almost the 
same as the corrected total of 3,865 tons 
for 1967. Output of refractories containing 


an average of about 50 percent zirconium 
dioxide (zirconia) remained at nearly 
25,000 tons. 

Owing to proprietary restrictions, pro- 
duction of zirconium sponge metal cannot 
be published, but it showed an increase of 
nearly 60 percent from that of 1967, thus 
reflecting an increased demand for the 
metal by the nuclear industry. 

Ingot production was 1,902 tons, an 
increase of 50 percent over 1967, but 
powder output dropped to 73 tons. Mis- 
cellaneous milled and fabricated products, 
exclusive of tubing, more than doubled. 
Scrap recovery increased over 8 percent 
to 314 tons. Zirconium alloys exclusive of 
Zircaloy but including large quantities of 
ferrozirconium, rose 15 percent to 4,309 
tons. 


1 Physical scientist, Division of Mineral Studies. 
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Producers of zirconium materials (in- 
cluding zircon and finished products) in 
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1968 were as follows: 


Company Location Materials 
Amax 55 Metals, Ine................... Akron, N. . . . . .- Oxide, ingot. 
EE Parkersburg, W. Va. Sponge metal. 
Continentil Mineral Processing Co Sharonville, Ohio Milled zircon. 
Corhart Refractories Co..................-...-- Buckhannon, W. Va Zircon and zirconia 
refractories. 
) —— 8 Corning, N. 1. Do. 
7 ³ JAV Louisville, Ky .. ... Do. 
Foote Mineral Cc oo Exton, fa Metal powder, alloys. 
E. I. Sur ont de Nemours & Co., Ine Pu Ridge, Fla-.  . . Aircon, 
D. E: GE on, Ga 
Frank Samuel & Co., Ine. -2--------- Camden, N.J............ Milled 2 zircon. 
A. P. Green Refractories Co., Remmey Division... Philadelphia, Pa.. Zircon and zirconia 
refractories. 
Harbison-Carborundum Cor Falconer, N. ). Do. 
Harbison-Walker Refractories Coo Mount Union, fa Do. 
Harvey Aluminum, Inc. ...................... Torrance, Cal if Ingot. 
M & T Chemicals, Ine 2-2-2-2- Andrews, South Carolina.. Milled zircon 
Doz ĩ³ K ĩ EE way, N. JJ. Chloride. 
National Lead Co., Titanium Alloy Manufacturing Jacksonville, Fla Zircon. 


"vision ( TAM). 


uos ue c Mud EE mg uad E Niagara Falls, N. V.... Milled zircon, oxide, com- 
pounds, metal powder, 
alloys. 
Norton COS. ccomazbeceuswe ⁵ C Huntsville, Ala Oxide. 
Nuclear Materials & Equipment Corp. («NUMEC). Apollo, Pa Metal powder. 
Ohio Ferro-Alloys Cord Canton, Ohio OyS. 
Shieldalloy Corp... -.-.- Newfield, N.J...........- Milled zircon, alloys. 
Stauffer Chemical Co......................... Niagara Falls, N.Y....... Chloride. 
The Chas. Taylor Sons Coo Cincinnati, Ohio.........- Zircon and zirconia 
refractories. 
DO EE South Shore, KH EE Do. 
Tizon Chemical Corp....-........-........... Flemington, N. J . Oxide, compounds. 
"Transeleo, “““ eC swa Penn Yan, N.Y.......--- Compounds, alloys. 
Union Carbide Corp Niagara Falls, N. X Alloys. 
%öĩõĩ⁊[[ũU ͤ Alloy, W. v aaaa ---- Do. 
Ventron Corp., Metal Chemicals Division 2 Beverly, Masses Do. 
Wah Chang Albany Corp Albany, Oreg-.........-. Oxide, sponge metal, ingot, 
metal powder. 
Walsh Refractories Cord St. Louis, Mo Zircon and zirconia 
refractories. 
Zirconium Corporation of America (ZIRCOA)... Solon, Ohio————— Oxide, zircon and zirconia 
refractories. 
Producers of hafnium materials in 1968 were as follows: 
Amax EOD M Metals, Inc Parkersburg, W. Va.....- Oxide. 
3) ⁰ZK0⁵³Ä 8 on, N.Y............-. Sponge metal, crystal bar. 
nne . . s Apollo, j|. oct seus Crystal bar. 
Wah Chang Albany Corp....................- any, Oreg............ Oxide, sponge. 


1 Formerly Howmet Corp., Minerals Division. 


? Formerly Ventron Corp., Metal Hydrides Division. 


Commensurate with the increase in 
zirconium sponge production, output of 
hafnium oxide increased nearly 50 percent, 
but output of the sponge dropped nearly 
25 percent. 

During the year, ZIRCOA was acquired 
by Pickands Mather & Co. and will be 
operated as a wholly owned subsidiary 
affiliated with the parent company's Chemi- 
cal Division. 

Wah Chang Albany Corp. expected to 
eliminate its old zirconium carbide plant 
in Albany, Ore. with the 1969 installation 
of a new operation which uses direct 
chlorination of zircon sand to produce 


zirconium tetrachloride. Also in Albany, 
Zirconium Technology Corp. planned to 
start construction in 1969 of a new plant 
for producing seamless zirconium, titanium, 
and other specialty metal tubing, using a 
tube reduction rather than the usual draw- 
ing method. Sandvik Specialty Metals 
Corp., Kennewick, Wash., a joint venture 
of United Nuclear Corp. and the Sandvik 
Steel Works of Sweden, opened a new 
45,000-square-foot plant which had an 
initial annual capacity of over 1 million 
feet of zirconium alloy and titanium tubing 
for the nuclear and aerospace industries. 
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CONSUMPTION AND USES 


In 1968, the estimate for zircon con- 
sumption in the United States was 143,000 
tons, considerably higher than in 1967, 
with the increase due mostly to depletion 
of consumer stocks. Consumption by found- 
ries, for such applications as foundry sand 
facings, was estimated at about 80,000 tons 
or 56 percent of the total. 

From data received from the principal 
dealers and consumers of zircon, it was 
indicated that the ceramic and refractories 
industries each consumed 16 percent of 
the total, metals and alloys used 8 percent, 
and chemicals and other applications re- 
quired about 4 percent. 

Until recently, zircon sand molding 
material had found increased use, par- 
ticularly in steel foundries, but price in- 
creases plus the availability of lower cost 
materials such as chromite sand has had an 
adverse effect. The main advantages of 
zircon as a molding medium are its prop- 
erties of high refractoriness, low thermal 
expansion, chemical stability, high thermal 
diffusivity, and good bonding. 

Finely ground zircon (flour) is used in 
refractory paints for coating molds, there- 
by increasing the mold's resistance to metal 
penetration and giving a good casting sur- 
face finish.“ 


In zirconium-bearing refractories, bricks 
and shapes made from zircon and zirconia 
are predominate. For statistical purposes, 
shipments of these materials are expressed 
in terms of equivalent 9-inch bricks. Pre- 
liminary data for 1968 indicated an in- 
crease of 16 percent to 1.722 million bricks 
valued at $5.48 million.’ 

In ceramic enamels and glazes, zirconium 
compounds, particularly the oxide, are used 
as opacifiers because of their high light 
reflectivity and thermal stability. 

The output of sponge and the domestic 
consumption of zirconium metal and alloy 
increased. The greatest demand was for 
Zircaloy for cladding fuel tubing owing to 


where 


its high resistance to corrosion and its 
transparency to thermal neutrons. In 1968, 
zirconium sponge requirements for domes- 
tic nuclear reactors were 1.3 million 
pounds, most of which was for government 
production and Navy reactors, and the 
rest for commercial light-water reactors. 
A comprehensive report on zirconium and 
its alloys was published recently.* 

The metal was also used as finely 
shredded foil in camera flash bulbs. An 
improved, rolled zirconium foil of high 
purity provided quicker flash ignition and 
greater and longer light intensity.“ 

Increasing but still relatively small quan- 
tities of metal were used as construction 
materials in various processing plants where 
its high cost is offset by its excellent anti- 
Corrosion properties. 

Other applications for zirconium com- 
pounds were in the polishing of optical 
glass where a slurry of zirconium oxide in 
water is used; in preventing tooth decay, 
stannous hexafluorozirconate was 
said to be more effective than stannous 
fluoride? and in new polymeric floor 
finishes, which are resistant to ammonia- 
less detergents, retaining their original gloss 
through repeated washings and scrubbings." 


2 Middleton, J. M. Zircon: Its Application in 
the Foundry. Industrial Minerals (London), No. 
16, January 1969, pp. 29-31. 

3 U.S. Department of Commerce, Bureau of 
the Census. Current Industrial Reports. Refrac- 
tories, First Quarter 1968, Series MQ-32C (68) -1, 
July 9, 1968; Second Quarter 1968, Series MQ- 
320 (68)—2, Oct. 11, 1968; Third Quarter 1968, 
Series MQ—32C(68)-3, Dec. 17, 1968; Fourth 
mid 1968, Series MQ-32C(68)-4, Mar. 28, 

4U.S. Atomic Energy Commission. The Nuclear 
Industry-1968. Nov. 14, 1968, pp. 70-73. 

5 American Metal Market. Foil Users Seeking, 
Getting Tighter Control of Quality. V. 75, No. 
36, Feb. 21, 1968, pp. 4A-5A. 

6 National Glass Budget. Antifoamer Safe- 
guards Quality in 153 eg pence Glass. V. 
84, No. 4, May 11, 1968, p. 17. 

7 Chemical & Engineering News: V. 46, No. 11, 
Mar. 11, 1968, p. 31. 

8 Wertenberger, M. D., Jr. Research Expands 
the Components of Tomorrow's Floor Finishes. 
Building Maintenance and Modernization, v. 15, 
No. 4, April 1968, pp. 30-32, 34. 


STOCKS 


At yearend, zircon stocks held by dealers 
and consumers (excluding foundries) 
totaled 39,500 tons in crude form and 
6,500 tons as milled. Total stocks of zir- 
conium oxide were 1,480 tons, slightly less 
than the revised figure of 1,525 tons for 
1967. Yearend stocks of zirconium metal 


and alloys included the following: 241 
tons of sponge, 163 tons of ingot, 659 tons 
of scrap, 5 tons of powder, and 1,650 tons 
of alloys (about one-half of which was 
ferrozirconium) as compared with a re- 
vised 1967 total of 1,500 tons of alloys. 


Yearend stocks of zirconium-bearing re- 
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fractories increased to 9,550 tons of mate- 
rial with an equivalent oxide content of 
4,600 tons. Hafnium oxide stocks were 115 
tons, compared with revised stocks of 68 
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tons of the oxide at yearend 1967. Stocks 
of hafnium sponge remained almost con- 
stant, but those of hafnium crystal bar 
increased slightly to 5 tons. 


PRICES AND SPECIFICATIONS 


Little effect was noted on the possible 
weakening of zircon prices owing to in- 
creased use of chromite sand as a molding 
medium in foundries. On the other hand, 
continued expansion of Australian produc- 
tion capacity might provide a surplus of 
zircon in a few years. To overcome this, 


producers might be expected to permit a 
moderate decline in prices in the near 
future. 


Quotations on zircon, zirconium metal, 
alloys, compounds, and hafnium metal dur- 
ing 1968 were as follows: 


Price 

Zircon: 

Domestic, containing 66 percent ZrO», f.o.b. Starke, Fla. bags, per short ton. $56 to 57 

Imported, sand, containing 65 percent, ZrO», c.i.f. Atlantic ports, in bags, per long ton 1. 70 

Domestic, granular, 1- to 5-ton lots, from works, in bags, per pound? . 04875 

Domestic, milled, 1- to 5-ton lots, from works, in bags, per pound 2 3. .055 
Zirconium oxide:? 

Chemically pure white ground, barrels or bags, works per pound 1. 

Milled, bags, 5-ton lots, from works, per Dound. «4j .645 

Glass polishing grade, 100 pound bags, 94-97 percent ZrO», works, per pound .92 

Opacifier grade, 100 pound bags, 85-90 percent ZrO», per pound..................... .41 

Stabilizer oxide, 100 pound bags, 91 percent ZrO», milled, per pound 75 to 0.85 


Zirconium hydride:? 
Electronic grade, powder, drums, from works, per pound. ............................ 
Zirconium: 


14.50 to 16.00 


Reactor-grade sponge, per pound ‘___....__--..---------------------------------- 5.00 to 7.00 
Reactor-grade ingot and alloy ingot, per pound PU! 6.00 to 8.00 
(Commercial grades about $1 per pound less) 
Strip, hot rolled, per pooungqgqgqgqgqgagqgassess enun d edes 11.00 to 15.00 
Strip, cold rolled, per pound h););zazzzzza: 2... . eee 13.00 to 18.00 
Plate, per pound, nominal %s______ ..... . . Is Rm Ee ME ME 10.00 
Bars and rod, forged or hot rolled, per pound, nominal 5............................ 12.00 
. Powder, commercial, per peng... uu dees ease eva mess ce 10.00 
Zirconium compounds (f.o.b. warehouse „ N. J.), single-drum prices: 
Basic sulfate, per pound of contained ZrOů 2 eee .91 
Carbonate, per pound of contained ZrO!ꝶůlU:Uꝑnt „ .945 
Hydroxide, per pound of contained ZrOz- P UU hn 1.00 
Oxide. per pound 88 TEE 95 
Acetate, per pound as is--_-. . l... yd d 367 
FF ·o A/ oe ³ Add d 8 . 565 
Hafnium: 
Sponge, over 1,000 pound lots, per pound EE 72.50 
Bar and plate, rolled, per pound *..................-. eee nee ee 120.00 


1 Metals Week. V. 89, Nos. 1-58, January-December 1968. 

2 Oil, Paint and Drug Reporter. V. 194, No. 27, Dec. 80, 1968. 

3 Carload lots 14 cent less per pound. 

4 Quoted by a leading producer. 

5 Steel. V. 162, Nos. 1-26, Jan. 1-June 24, 1968; V. 168 Nos. 1-27, July 1-Dec. 30, 1968. 


FOREIGN TRADE 


Exports of zirconium ores and concen- 
trates totaling 2,026 tons valued at $360,- 
960 were made to 18 countries with the 
five major recipients being Canada (33 
percent), Colombia (25 percent), Mexico 
(10 percent), Argentina (9 percent), and 
Chile (7 percent). The considerable dif- 
ferences in declared values from the aver- 
age of $178.16 per ton ranged from $62.20 
and $81.63 per ton for materials shipped 
to Bolivia and Canada, respectively, to 


$369 per ton for a small quantity shipped to 
Belgium-Luxembourg. Unwrought zirco- 
nium and zirconium alloys plus waste and 
scrap shipped to 10 countries, mainly the 
United Kingdom, weighed 230,154 pounds 
valued at $1,083,727. Wrought zirconium 
and zirconium alloys, shipped mostly to 
Canada (58 percent), United Kingdom, 
Sweden, West Germany, and France and 
to 13 other countries, totaled 463,773 
pounds worth $7,624,986. The unit value 
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of the shipments to France was extremely 
low, indicating the possibility that it may 
have been scrap or some other low-priced 
material, but a small quantity shipped to 
India was high-priced, indicating that it 
may have been composed all or mostly of 
specialized forms. 

Imports of zircon, 98 percent from Aus- 
tralia, increased 1 percent to 59,900 tons 
while the unit value increased 5 percent 
to $33.60 per ton. Shipments of zirconium 
oxide from four countries but predomi- 
nantly from the United Kingdom, totaled 
257,081 pounds worth $121,591, a 50- 
percent increase in weight of material but 
a drop of 30 percent in unit value. A 
small quantity of a high-priced zirconium 
oxide again was imported from Switzer- 
land. Other zirconium compounds totaling 
2,670,699 pounds valued at $663,383 were 
imported from the United Kingdom (76 
percent), Japan (23 percent), West Ger- 
many, the Netherlands, and Canada. The 
sizable quantity from Japan had a low 
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unit value similar to that of previous 
years. 

Imports of unwrought zirconium and 
waste and scrap totaling 300,000 pounds 
and valued at $1,128,378 were received 
almost exclusively from France with a 
minute quantity from the United Kingdom. 
Unwrought alloys from France (82 per- 
cent), West Germany (16 percent), and 
the United Kingdom weighed 22,163 
pounds worth $125,601. Wrought zirco- 
nium, mostly from Sweden (72 percent) 
and also from France, Japan, Canada, and 
the United Kingdom, totaled 11,463 pounds 
valued at $130,423. Ferrozirconium, total- 
ing 583,082 pounds worth $105,239 came 
from France (70 percent), Japan (20 per- 
cent), and West Germany (10 percent). 
Unwrought hafnium, apparently mostly 
waste and scrap from Japan and some more 
valuable material from West Germany and 
Belgium-Luxembourg, weighed 169 pounds 
and was valued at $6,142. 


Table 2.—U.S. imports for consumption of zircon, by countries 


1966 1967 1968 

Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Argenting ~~ eee 225 I TW A OSueU a 
Australia_______ -MMMM 56,281 1,606 57,908 $1,878 58,812 $1,968 
Canada 1... once Ee 1,236 2 1,111 18 904 85 
Ethiopia II ⅛ y ĩði d — 8 
LLN, o 88 11 (2) 56 „FFF 
Noreax l... CJ) ³ Ah a: AS Z as ns 
South Africa, Pl id 28 8 
8 n Arab Republic 228 8 45 3 
nited Arab Republic............... 23 L eee MEM cw 
United Kingdom II eee eee eee eee 2.222222 eee eee 111 5 
TOtal.si ————TT—TTTT——T 2 er 57,976 1,652 59,303 1,891 59,900 2,014 

1 Believed to be country of shipment rather than country of origin. 

2 Less than 1⁄4 unit. 
WORLD REVIEW 
ia.— im 1 Associated Minerals Consolidated Ltd 1,500 
Australia.—New estimates of Australian EE 200 


zircon reserves are shown in the accompany- 
ing table, in thousand long tons:? 

In March, the Stradbroke Island dredg- 
ing plant of Associated Minerals Consoli- 
dated Ltd. was commissioned. Its mineral 
sand capacity of 1,200 cubic yards per 
hour makes this operation the largest of 
its kind in the world. The company sepa- 
rated heavy minerals at dry plants at 


? Industrial Minerals (London). 


No. 8, May 
1968, pp. 19-22 


Coastal Mining Desde -opment Pty. Ltd .80 
Consolidated Rutile Lg 


Cudgen R.Z. Ltd. ......................- 640 
Mineral Deposits Pty. Ltd 1,230 
Murphyores Holding 1,800 
Naracoopa Rutile Ltd...................- 8 


Northern Rivers Rutile Pty. Ltd... ....... 50 

Queensland Titanium Mines Pty. Ltd 

Rutile and Zircon Mines (Newcastle) Ltd... 

Peo and Zirconium Industries Pty. 50 
td 2 AA Las Lu E E 


Western Mineral Sands Pty. Did... se 200 
Western Titanium N.L.1..............-.-- 550 
Westralian Oil Ltd. II. 850 


1 West Coast operation. 
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Table 3.—F ree world production of zirconium concentrates by countries 
(Short tons) 


Country 1964 1965 1966 1967 1968 » 

A ³˙¹¹iꝛmA ˙¹ͤ ⁰ os 206,173 254,085 1 268,925 330, 120 847,099 
Hrüzilez. d uuu tee e AE r 2.504 r 1,818 r2,700 P2,984 8,088 
Te EE 55 40 167 180 28 
Kore South... 22229-l2 08. c wm Ate cee 2,057 90 6 NA 
Malagasy Republic 564 710 777 280. _....-.-- 
Malaysia (zircon exports) ................- 162 629 866 520 1,241 
Nigella eet IT] ees NA NA NA 
Senegal____ cae GIL am ssa. xxx ĩðx d ĩè³ÄAA ³² mR ae 
Ih ⁵³ð”w¹i m. ⁰¹Ü¹wwwr... ĩð2 ðↄĩ2 ]ð] x ⁵ ⁵—dw!n 8 1,687 8,549 
United Arab Republic AG. i121. ce 429 NA 
United Staten... w W W W W 

KEEN r 210,285 *259,889 *268,954 335,627 355, 000 

p Preliminary. r Revised. NA Not available. 


W Withheld to avoid disclosing individual company confidential data, 


1 Total is of listed figures only. 


Southport, Queensland, and at Byron Bay, 
Hexham, and Wyong, New South Wales. 
At Naracoopa on King Island in Bass 
Strait, Tasmania, a new company, Nara- 
coopa Rutile Ltd., was building a plant 
with an annual capacity of 10,000 tons 
each of zircon and rutile. At this rate 
zircon reserves would last 8 to 10 years. 
Murphyores Inc. Pty. Ltd. started mining 
at Gladstone, Queensland, late in the year 
with a processing plant for zircon, rutile 
and ilmenite scheduled to go on stream in 
early 1969. The operation is described in 
the Titanium chapter of this volume. 


Canada.—It was expected that by Janu- 
ary 1969 Eldorado Nuclear Limited, 
formerly Eldorado Mining & Refining 
Ltd., would be using a new method to 
produce directly a zirconium alloy ingot 
at its new Port Hope, Ontario plant. An 
initial rate of 200 tons per year will be 
expanded to 300 tons. The company’s 
“Zingot” (bomb reduction) process will 
produce 1,000-pound zirconium alloy 
cylinders which can readily be welded, 
arc melted, and formed into billets for 
rolling or tube extrusion. 


France.—U gine-Kuhlmann Company 


had an annual production capacity of 
over 700 tons of zirconium sponge, 400 
tons of ingot, and the ability to produce 
plates, strips, bars, and wire. 


Japan.—The only firm producing metal- 


lic zirconium, the Japan Mining Co., was 


reported to have a 360-ton-per-year capac- 
ity, although domestic demand was much 
less. Two companies, Kobe Steel Works 
Ltd., and Sumitomo Metal Industries, Ltd., 
announced plans to fabricate zirconium 
products. Kobe planned to complete a 1.3- 
million-foot-per-year Zircaloy tubing plant 
at its Chofu Kita works in western Honshu 
by the end of 1971. Sumitomo completed 
a pilot plant with a capacity of 50,000 
meters of Zircaloy tubing per year in 
Amagasaki City, Hyogo Prefecture. By 
1970, the firm expected to complete a plant 
south of Biwa Lake, Shiga Prefecture, able 
to make 500,000 meters of Zircaloy tubing 
per year. 


South Africa, Republic of.—Baddeleyite 
(zirconium oxide) concentrates were ex- 
tracted from apatite (phosphate) ores by 
the Government-controlled Phosphate De- 
velopment Corp. Ltd. (FOSKOR). 


TECHNOLOGY 


Although heavy concentrates containing 
zircon are extracted commercially from 
beach and stream placers, byproduct re- 
covery from other sources may prove 
feasible as well as profitable. Studies 
showed the potential of waste products 


resulting from the beneficiation of Florida 
phosphate rock, particularly as a source 
of zircon, monazite, and ilmenite.” 


10 Stow, Stephen H. The Heavy Minerals of 
the Bone Valley Formation and Their Potential 
Value (Seientifie Communications). Econ. Geol., 
v. 63, No. 8, December 1968, pp. 973-975. 
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The Bureau of Mines, with industry 
participation, studied possible means for 
recovering marketable grade concentrates 
of zircon, monazite, ilmenite, and rutile 
from Florida phosphate plant operations. 
Likewise, the Bureau investigated the eco- 
nomic separation of heavy minerals from 
sand and gravel operations. Other Bureau 
metallurgy research in zirconium and haf- 
nium consisted of measuring vapor pres- 
sures of molten binary systems, preparing, 
evaluating, and observing the properties 
of metal carbide-carbon alloys, and study- 
ing the nature of thermal balance in the 
consumable electrode arc melting of zirco- 
nium and hafnium.” 

Owing to its low thermal neutron cross 
section and resistance to water and steam 
corrosion, a constantly growing application 
of zirconium is as a construction material, 
particularly as alloys, in nuclear reactors. 
The creep rates of zirconium alloys, an 
important consideration in nuclear re- 
actors, were described in several papers.” 
Sometimes in-reactor creep rates are five to 
ten times as high as out-of-reactor rates 
with radiation dose, temperature, alloy, heat 
treatment, and stress as contributing factors. 

In chemical processing, zirconium was 
shown to be more resistant than titanium 
to caustic alkalies and also very resistant 
to hydrochloric acid at almost all strengths 
and temperatures." The passivity of zirco- 
nium and titanium is not affected by heat 
transfer and they were believed to be more 
efficient than stainless steel in applications 
such as heat exchangers.* For over 3 
years the British dye industry has been 
using small zirconium pressure vessels. 

Zirconium hydride is being used in 
reactors for aerospace activities. The new 
S8DR flight prototype reactor using the 
hydride is designed for 10,000 hours of 
operation at 600 kwt. An advanced design 
study was made for a 20,000-hour reactor 
using a thermoelectric conversion system.” 

Stabilized zirconia has received increased 
attention in ceramics. Evaluations of the 
refractory qualities of fused cast zirconia- 
alumina in blast furnaces were made.“ 
A chemically bonded zirconia foam, still 
in a developmental state, showed promise 
as a thermal insulation material at 3,000°F; 
it had low density and thermal conduc- 
tivity, good thermal shock resistance, high 
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melting point, and good mechanical 
strength.” 

Of all the refractory binary compounds, 
hafnium carbide has the highest melting 
point, around 3,890° C. Because its poten- 
tial applications are of interest to the aero- 
space industry, production by vapor deposi- 
tion of single-crystal whiskers of hafnium 
carbide was investigated.” Other diboride 
composites of hafnium, zirconium, and 
titanium were prepared and evaluated; 
the best oxidation resistance observed was 
for a hafnium diboride-silicon carbide 
composite.” 

Tests made during the operation of the 
first core of the Shippingport reactor 
showed that hafnium was adequate as a 
long-life neutron absorber because of its 
additional properties of corrosion and 
fatigue resistance.” 


u Adams, R. P., M. I. Copeland, D. K. 
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ARSENIC ? 


Domestic Production.—Arsenic trioxide 
was produced domestically only at the 
Tacoma, Wash., copper smelter of Ameri- 
can Smelting and Refining Company, as 
a byproduct. Source of the arsenic was not 
only copper ores and concentrates, but also 
speiss, flue dust, and sludges from other 
smelting plants that were treated for re- 
covery of arsenic and other metals. Produc- 
tion figures cannot be published, but 1968 
sales were substantially less than those of 
1967. 


Consumption and Uses.—Apparent con- 
sumption of arsenic, as measured by im- 
ports plus domestic sales, decreased 8 
percent. Calcium and lead arsenate chemi- 
cals were the major end products; how- 
ever, significant quantities of sodium arse- 
nate were used in organic herbicides. 

Arsenic chemicals were used primarily 
as pesticides in agriculture for control of 
rodents, insects, and weeds and as a 
defoliant to aid in harvesting of certain 
crops such as cotton which is defoliated 
prior to mechanical harvesting. 

Arsenic metal was used in small quan- 
tities in nonferrous alloys of copper and 
lead. The hard lead used for casting elec- 
tric storage battery posts and plates is an 
alloy of lead, antimony, and arsenic. The 
arsenic content ranges from 0.2 to 0.75 
percent. Annual use of hard lead amounts 
to about 50 percent of the total lead used 


in batteries, or some 1.5 million tons. 
Therefore, 3,000 to 11,250 tons of arsenic 
per year are used for this purpose. Arsenic 
was also added to lead used in shot casting 
to increase the sphericity of the shot. 
White arsenic was used in glass as a 
decolorizer and also in opal glass and in 
enamels. Arsenic compounds were used 
for parasitic control in stock and poultry 
feeds. They also were used in chemical 
reagents such as those used in flotation of 
minerals and wood preservatives. 


Prices.—The price of refined white 
arsenic, 99.5 percent, at New York docks, 
in barrels, small lots, was 6 to 61⁄4 cents 
per pound throughout the year. Refined 
white arsenic in bulk carload lots at Laredo, 
Tex., was $87 per ton, and crude white 
arsenic remained at $69 per ton at Laredo, 
Tex., and Tacoma, Wash. 

The price of arsenic metal in London 
increased from £445 to £518 per long 
ton coincident with the 1967 devaluation 
of the pound sterling so the equivalent New 
York price remained 55.6 cents per pound. 

The yearend price of lead arsenate in 
50-pound bags was 26 cents per pound. 
Sodium arsenate, 60 percent arsenic pent- 
oxide, in 200-pound drums was quoted at 
30 cents per pound; and sodium arsenite, 
94 percent soluble pink powder, 75 per- 


1 Physical scientist, Division of Mineral Studies. 
2 Prepared by John W. Cole. 
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cent arsenious acid, in 100-pound drums, 
was quoted at 23 cents per pound. 


Foreign Trade.—U.S. imports of white 
arsenic declined 7 percent but the value 
increased 5 percent. The quantity of 
metallic arsenic imported increased 39 per- 
cent to 819,000 pounds and the value 
increased 94 percent. Imports of arsenic 
sulfide and sodium arsenate dropped sharply 
from the levels of imports in 1966-67. 
Sweden continued to be the major supplier 
of arsenic metal (99 percent) and white 
arsenic (36 percent). Mexico and France 
supplied 28 and 26 percent, respectively, 
of white arsenic, and the remaining 10 
percent was supplied by six other countries. 

No exports of arsenic metal or white 
arsenic were reported. Data were not avail- 
able on exports of arsenical compounds. 
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World Review.—Sweden was the world’s 
largest producer of arsenic and largest 
foreign supplier to the U.S. market. Mexico 
was second and France third in production. 
These three countries supplied about 80 
percent of world production of white 
arsenic in 1968. 


Table 1.—Consumption of arsenic wood 
preservatives in the United States 


(Short tons) 
Consumption of wood 
preservatives 
Year Wolman salts 
(25 percent Other 
sodium 
arsenate) 
1966... f 2,880 2,256 
Ü ess 1,961 2,515 
1968 P. 8 1,247 2,775 


P Preliminary. 
Source: U.S. Forest Service. 


Table 2.—U.S. imports for consumption of white arsenic ( As203) content, by countries 


1966 
Country 


1967 1968 


Value Value Value 
Short tons (thousands) Short tons (thousands) Short tons (thousands) 


Belgium- Luxembourg (1) () 1,107 $160 254 $41 
%%% ²˙ / ³ AAA ĩð v EA 90 11 8 2 
e Duy Se ed 4,315 3331 5, 557 466 6,424 600 
Germany, , ] ]ꝰi]iWVUQUd , y eet es 14 8 
PPE“T iind x è 199 14 
EE e Ä de 11,828 945 11,453 1,017 7,159 716 
EE, ð m Seri ` eee ce 18 1 644 52 
South Africa, Republic of 6 (1) 968 82 1,134 105 
Sweden 2, 526 201 6,245 616 9,315 1,090 
SSR MIC 1,626 149 44 
United Kingdom............- „„ 1 I. sete uai. 
Total: sehe teles 18,675 1,477 27,075 2,508 25,195 2, 626 
1 Less than 14 unit. 
Table 3.—U.S. imports for consumption of arsenicals, by classes 
(Thousand pounds and thousand dollars) 
1966 1967 1968 
Class z 
Quantity Value Quantity Value Quantity Value 
White arsenic Ag03) .................- 87,850 $1,477 54,149 $2,503 50,390 $2,626 
Metallic arsenie .-.--- 862 194 590 801 819 588 
Sulhd@ r T a ae 60 5 578 85 50 12 
SheeDdiD- secure . ß . E! eee 10 222 adc 
Calcium arsenate...........--..-..---- 200 d 'ulcunzoco ~cesshes) ⁵ᷣͤ . 8 
Sodium arsenate -------20-2 864 31 253 22 15 6 
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Table 4.—World production of white arsenic (arsenic trioxide), by countries: 


(Short tons) 


Country 1964 1965 1966 1967 1968 » 
FI; ³ AAA —— I— 207 282 r 852 245 844 
C/: ̃ꝙꝛ* ͤ ß ke . t A us 162 202 351 378 346 
France...... EE Rr ama 8 r 12,509 r 18,871 13,220 15,588 15,000 
Germany, West... N N r 1,090 588 882 

je C MODERNO MEN ' : qr CON 550 528 608 709 756 
EE EE r 16,256 r 15,183 17,311 16,498 14,915 
o a i Een EE 685 55 40 298 „352 
FFC ell AA Emus o E 410 r 205 r 214 278 220 
Rhodesia, Soutbhern -0a -aaan 206 e 70 NA NA NA 
EIER eebe Ee 158 131 123 142 143 
hn EE C ees 19 ,809 18,188 16,204 22,266 23,210 
USS Re ee Ip DER NM 7,200 7,500 7,600 7,716 7,716 

United States 
Total r 58,152 756,210 * 57,470 64,701 64,884 


e Estimate. P Preliminary. r Revised. 
individual company confidential data. 


NA Not available. 


W Withheld to avoid disclosing 


1 Arsenic may be produced in Argentina, Austria, Belgium, China (mainland), Czechoslovakia, East 
Germany, Finland, Hungary, Territory of South-West Africa, United Kingdom, and Yugoslavia, but there is 


too little information to estimate production. 


2 Including calculated trioxide equivalent for output reported as elemental arsenic and arsenic compounds. 


3 Total is of listed figures only. 


CESIUM AND RUBIDIUM ? 


Domestic Production.— The source of all 
cesium and rubidium produced in the 
United States in 1968 was imported pol- 
lucite and ALKARB, a residue from past 
lithium production. 

Cesium and rubidium compounds and 
rubidium metal were produced by Penn 
Rare Metals Division of Kawecki-Berylco 
Industries, Inc., Revere, Pa. The only 
cesium metal produced was 1 pound by 
a research company. The American Potash 
& Chemical Corp. consumed a small quan- 
tity of cesium compounds and supplied their 
customers with cesium compounds from 
stocks. The Dow Chemical Co. shipped 
cesium metal from stocks. 


Consumption and Uses.— Statistical data 
on the consumption and uses of cesium and 
rubidium compounds were not available. 

Various forms of cesium had applications 
in photomultiplier tubes, infrared lamps, 
scintillators, counters, and spectrophotom- 
eters. 


Pollucite consumption was small and 
none was imported during the year. 


Prices.—Prices of cesium and rubidium 
metal and compounds were unchanged 
from those of the previous year. 


Foreign Trade.—Imports of cesium chlo- 
ride, principally; from West Germany, 
amounted to 1,159 pounds valued at 
$45,000. Imports of other cesium com- 
pounds, also principally from West Ger- 
many, amounted to 1,958 pounds valued 
at $66,162. | 

Imports of rubidium amounted to 81 
pounds valued at $2,063, all from Canada. 

Imports of pollucite, cesium metal, and 
rubidium compounds and exports of cesium 
and rubidium and their compounds are 
not classified separately by the Bureau of 
the Census and are available only by 
special request. 


GALLIUM * 


Domestic Production.—Gallium metal 
was produced by the Aluminum Company 
of America at its Bauxite, Ark., plant as a 
byproduct of alumina production. Gallium 
metal, oxide, and trichloride were pro- 
duced by Eagle-Picher Industries, Inc. at 


its Quapaw, Okla., plant as a byproduct 
of production of zinc from sphalerite. 


Consumption and Uses.—The largest 


single use of gallium was reportedly in 


3 Prepared by John W. Cole. 
4 Prepared by John W. Cole. 
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green phosphors used in phosphorescent 
tubes such as the activating tubes in dupli- 
cating machines using the xerography proc- 
ess. Gallium is used in semiconductor alloys 
of the Groups III-V type where it usually 
is alloyed with arsenic or phosphorus. A 
smaller quantity was used in doping ger- 
manium crystals used in radiation detec- 
tion devices. Minor uses of the metal were 
in high-temperature thermometers, sealant 
for glass joints, as a constitutent of solders 
and in research. 


Prices.—Market prices, per gram, of 
gallium from bauxite sources were un- 
changed from those of 1967 and were as 
follows: 
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It was reported that gallium was being 
offered by producers at discounts as high as 
35 percent under quoted prices. 


Foreign Trade.—Imports of gallium (un- 
wrought, waste and scrap) as reported by 
the Bureau of the Census were as follows: 


Country of origin Pounds Value 
pon .. . erc 24 $9,307 
Switzerland dd 12,255 868,593 
United Kingdom..........- 65 5,861 
West Germany.......-..-- 16 2,152 

Total. o. sS. uu. 12,360 885,918 


99.99 99.999 99.9999 
Quantity percent percent percent T f f Swi 

he quantity of imports from Switzer- 

Up to 999 grams..... 1. Z š à 
1,000 to 4,099 grama. 81.20 KS ' land in December appeared to be excep- 

5,000 to 24,999 grams. 1.10 1.15 1.35 tionally high. Either the material was ve 

Over 25,000 grams... 95 1.00 1.20 5 | ed 
low grade or there was an error in reporting. 

GERMANIUM 5 


Domestic Production.—Primary germa- 
nium output was derived from smelter 
residues resulting from retorting and re- 
fining of zinc concentrates from the Kansas- 
Oklahoma area and from fluorspar-zinc- 
lead ores of the Kentucky-Illinois area. 
Eagle-Picher Industries, Inc., operated a 
refinery at Miami, Okla. 

Kawecki-Berylco Industries, Inc., Revere, 
Pa., and Sylvania Electric Products, Inc., 
Towanda, Pa., operated refineries princi- 
pally to reprocess domestic scrap supple- 
mented by imports of germanium dioxide 
and scrap. | 


Consumption and Uses.—The principal 
domestic market for germanium still was 
In transistors and semiconductor diodes. 
Although the use of silicon is growing, the 
use of germanium is expected to continue 
at the present levels. Factory shipments of 
transistors and semiconductor diodes were 
up 16 percent and 21 percent, respectively, 
from those of 1967. Shipments of germa- 
nium transistors, however, were down 26 
percent; shipments of germanium semi- 
conductor diodes were about the same as 
in 1967. 

Significant quantities of single crystal, 


gallium-doped germanium were used in 
production of radiation detectors. This is 
expected to become a rapid-growth use of 
the metal. 

Although not used domestically, germa- 
nium catalysts have gained extensive use 
in Japan and Europe in textile (polyester) 
manufacture. 


Prices.—Prices for germanium and ger- 
manium dioxide remained firm throughout 
the year. The price of purified ingot was 
$175.25 per kilogram, and the price of 
electronic grade germanium dioxide was 
$88.40 per kilogram. Gallium-doped single 
crystal germanium was reported to have 
been sold at $1 to $1.50 per gram. 


Foreign Trade.—U.S. imports of ger, 
manium, germanium dioxide, and scrap 
inrceased 21 percent in quantity to 4,100 
pounds, and 61 percent in value to $430,- 
000. Included were over 700 pounds of 
material from Belgium-Luxembourg valued 
at $450 per pound, 5 to 6 times the value 
of intrinsic ingot. Imports are tabulated 
as follows: 


5 Prepared by John W. Cole. 
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Pounds Value 
Country of origin 


Unwrought, and waste 


and scrap 
Belgium- Luxembourg 818 3340, 448 
Germany, West 714 : 
VC LEE 995 26,595 
United Kingdom 1,543 81,883 
Total. veux 4,070 418,718 
Wrought 
Belgium- Luxembourg 32 11,317 
Germany, West 1 416 
Total...--.-.------ 83 11,738 
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World Review.—The major foreign pro- 
ducer of germanium was the Société 
Générale Métallurgique de Hoboken, utiliz- 
ing base metal ores and concentrates im- 
ported from African mines. Germanium was 
also produced from imported materials in 
West Germany, United Kingdom, Italy, 
and Japan. 


INDIUM * 


Domestic Production.—The American 
Smelting and Refining Company produced 
indium metal and chloride at its Perth 
Amboy, N.J., plant and indium metal at its 
Denver, Colo., plant. The Anaconda Com- 
pany produced 85,640 troy ounces of 
indium at its Great Falls, Mont., plant 
compared with 61,000 ounces in 1967. 
Source material for indium was certain 
smelter flue dusts and residues in which 
the trace quantities of indium in zinc 
minerals were concentrated. 


Uses.—Indium was used in electronic 
devices in a variety of ways, such as a 
component of solder for connecting lead 
wires to germanium in transistors, and as 
a property-modifying component of the 
intermetallic germanium semiconductor. 
The compounds, indium arsenide, indium 
antimonide, and indium phosphide were 
also used in semiconductor applications. 


Stocks.—Producer stocks of indium in- 
creased substantially during the year. 


Prices.—The market quotations for in- 
dium at the beginning of the year were 


$2.75 per troy ounce for 30 to 90 ounces 
in stick shapes: ingots were $2.30 per troy 
ounce in 100-ounce lots and $2 in plus 
10,000-ounce lots. All quotations were 
lowered $0.25 per ounce September 19 and 
remained the same at yearend. The lower 
prices were caused by increased imports, 
particularly from Japan. 


Foreign Trade.—Imports for consump- 
tion of indium (unwrought, waste and 
scrap) totaled 280,421 troy ounces valued 
at $484,528, a slight decrease from 1967 
levels both in quantity and value. Canada 
supplied 183,642 ounces ($308,631), down 
33 percent from 1967 imports. Japan sup- 
plied 51,235 ounces ($113,949), up from 
less than 1,000 ounces in 1967, the first 
year in which imports of indium were 
recorded from Japan. West Germany sup- 
plied 14,684 ounces ($18,246), and 13,327 
ounces ($16,109) was imported from the 
U.S.S.R. The remainder was supplied by 
Peru, United Kingdom, Netherlands, and 
Belgium-Luxembourg. 

A total of 636 ounces of wrought indium 
was imported, principally from Japan. 


RADIUM * 


Domestic Production.—As in former 
years no primary radium was produced 
in the United States but Radium Chemical 
Co. Inc. New York, continued to offer 
radium salts recovered from Congolese 
(Kinshasa) ores by the Belgian company 
Union Miniére du Haut-Katanga. Other 
domestic firms which handled radium mate- 
rials, primarily radium salts, during 1968 
were United States Radium Corp., Morris- 


town, N.J.; and Canadian Radium & Ura- 
nium Division, Canrad Precision Industries, 
Inc., New York. Radioactive isotopes 
(radioisotopes) were the primary interest 
of both of these companies and radium 
continued to represent only a relatively 
minor share of their business. 


6 Prepared by John W. Cole. 
7 Prepared by Richard F. Stevens, Jr. 
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Table 5.—U.S. exports of domestic cobalt- 
60, radium, and other radioisotopes, 
by major country 


1967! 
Country of Value 
destination Millicuries (thou- 
sands) 
Cobalt-60: 
Belgium 7,581,000 $42 
BHrazib ⁵ ,000 1 
Canada 7,954,000 43 
Columbia 1, 836, 000 11 
Israel 11, 609, 000 66 
Japan 15, 881, 200 132 
Korea, South....... 2,735, 000 15 
Sies 4,000 (2) 
Philippines 30, 000 1 
Taiwan. 520 4 
Total......------ 47,650, 720 315 
Radium, its salts and 
compounds: 
Argentina 
elgiu .......... 12, 065 178 
Brazil!!! (2) 
Canada 950 15 
Ecuador........... 90 
Iran 10 (2) 
Mexico............ 20 (2) 
Netherlands 30 1 
Spain 29 2 
United Kingdom 549 4 
Venezuela 90 
Vugosla via 26 (2 
F 13,918 207 


ota 
Other radioisotopes 2. 298, 283, 056 2,370 
Total exports—all 
domestic radio- 


isotopes. ...... 945,947 ,694 2,892 


1 Data for 1968 not available. 

? Less than 14 unit. 

s Includes americium-241, calcium-47, carbon-14, 
cesium-137, cobalt-57, hydrogen-3, iodine-125, iodine- 
181, iridium-192, iron-59, molybdenum-99, nickel-63, 
phosphorus-32, strontium-85, strontium-90, tech- 
netium-99, zinc-65, and isotopes not separately 
identified. 


Table 6.— U.S. exports of foreign cobalt-60, 
radium, and other radioisotopes, 
by major country 


1967 ! 
Country of 
destination Value 
Millicuries (thou- 
sands) 
Cobalt-60: Canada.... 10,150,000 $31 
Radium, its salts and 
compounds: Canada. 527 10 
Other radioisotopes: 
anada............- 5,000,000 10 
Total exports— 
all foreign 
radioisotopes.. 15,150,527 51 


! Data for 1968 not available. 
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Uses.— Because of the penetrative power 
of its gamma radiation the major use of 
radium continued to be in therapeutic 
treatment of cancer even though the use 
of the man-made radioisotope cobalt-60 in 
this application grew significantly during 
the year and may eventually replace radium 
completely. Other gamma-producing radio- 
isotope substitutes for radium in medical 
treatment included cesium-137, iridium- 
192, and gold-198. Radium used in medical 
applications may be returned to laboratories 
for conversion or to be changed from one 
container to another after being purchased 
and used by physicians or hospitals. Radium 
for these uses continued to be available on 
a lease or rental basis. 

Use of radium in luminous paints for 
instruments, clocks, and watches was almost 
completely replaced by the radioisotopes 
krypton-85 and tritium  (hydrogen-3) 
which are less expensive, produce brighter 
luminescence, and are safer since they emit 
few or no high energy gamma rays. 
Neutron sources of radium-beryllium in 
the 300- to 600-millicurie range are being 
replaced by sources which have no asso- 
ciated gamma radiation such as plutonium- 
beryllium. 

Because radioisotopes have been devel- 
oped which are less expensive and more 
efficient than radium, the demand for this 
material has decreased substantially. As 
a result, plans are being made to dispose 
of most of the excess radium salts in such 
a way that the public will be protected 
from the gamma radiation which is emitted 
from radium materials. 


World Review.—Because radium is cur- 
rently recovered primarily from the resi- 
dues resulting from uranium milling opera- 
tions, no specific figures are available on 
world production. 


Belgium.—Union ‘Minière du Haut- 
Katanga, through its subsidiary company 
Metalurgie Hoboken S.A., operated a ura- 
nium ore refinery at Olen. Radium re- 
covered from the resulting uranium sludges 
was used as the starting material for the 
preparation of the radioisotopes actinium- 
227 (Ac?) and thorium-228 (Th™) by 
neutron irradiation. The use of radium by 
Hoboken at the Olen plant will reach an 
industrial scale as a result of the announced 
plans for full-scale production of AC in 
1969. 
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Table 7.—U.S. imports of radium, cobalt-60, and other radioisotopes, by major country 


1966 
Country of destination 
Millicuries 
Cobalt-60: 

Canada = c. SZ S TDS Duo 197,455,000 
United Kingdom 88,000 
Subtotal...................- 197, 543, 000 

Radium, its salts and compounds: a 
elveum menen NA 
Canada... clc. ag See ere NA 
United Kingdom NA 
Subtotal... eot . NA 
Other radioisotopes !............... NA 


ENEE ocu sC Eier 


NA Not available. 


1967 1968 
Value Value Value 
(thou- Méillicuries (thou-  Millicuries ` (thou- 
sands) sands) sands) 

* 379,575,000 $1,005 807,789,000 $1,390 
808 379,575,000 1,005 807,789,000 1,390 
NA 5,274 73 NA NA 
NA 538 14 NA NA 
NA 677 8 NA NA 
NA 6,489 95 NA NA 
NA 49,910,853 1,877 NA NA 

2808 429,498,831 3,072 2 807,789,000 21,890 


1 Includes carbon-14, iodine-128, iodine-131, iridium-192, phosphorus-32, sodium-22, strontium-85, sulfur-35, 


and isotopes not separately identified. 
2 Represents cobalt-60 imports only. 


RHENIUM * 


The demand for rhenium in high-tem- 
perature tungsten-Crhenium and  molyb- 
denum-rhenium alloys decreased as the 
research contracts on alloy development 
and properties sponsored by the Atomic 
Energy Commission (AEC) were success- 
fully completed. This decline was partially 
offset by the development and use of 
rhenium and rhenium-platinum catalysts 
in the petroleum industry. It has been 
estimated that rhenium demand, primarily 
in these applications, could total about 
20,000 pounds annually by 1972. 


Domestic Production. Production of 
rhenium, a secondary byproduct recovered 
from the molybdenite (Mos) associated 
with Southwestern porphyry copper ores, 
increased during 1968 to some 2,400 pounds 
of rhenium contained in rhenium alts. 
Cleveland Refractory Metals (CRM), 
Solon, Ohio, a division of Chase Brass & 


Copper Co. (a subsidiary of Kennecott 
Copper Corp.) remained the only domestic 
producer of rhenium metal powder during 
the year. Rhenium salts were recovered 
for CRM at Kennecott’s molybdenite roast- 
ing facility near Garfield, Utah, following 
settlement of the copper strike early in the 
year. Shattuck Chemical Co., Denver, Colo., 
also recovered rhenium salts for CRM. 
In addition, Shattuck reportedly processed 
some rhenium-bearing material of foreign 
origin. 

Porphyry copper deposits in Chile, Congo 
(Kinshasa), the United States, and the 
U.S.S.R. represented the only significant 
sources of rhenium. Rhenium metal was 
recovered at roasting plants in Belgium, 
the Soviet Union, the United Kingdom, 
the United States, and West Germany. 


s Prepared by Richard F. Stevens, Jr. 


Table 8.—Rhenium statistics 


(Pounds of contained rhenium) 


1964 1965 1966 1967 1968 
Production (in rhenium salts) .................. 1,000 1,200 1,620 1,725 2,400 
Consumption (metal) )))) 1. 500 1,010 1,040 850 775 
Imports (metal 212 469 84 96 486 
Stocks (metal) (December 31). 560 620 600 40 180 


* Estimate. 
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Consumption and Uses.—Approximately 
775 pounds of rhenium metal powder 
was consumed during the year, down 9 
percent from that of 1967. Although a 
significant amount of this consumption was 
in high-temperature, high-strength tungsten- 
rhenium (W-Re), tungsten-molybdenum- 
rhenium (W-Mo-Re), and molybdenum- 
rhenium (Mo-Re) alloys, usage in these 
applications decreasd during the year as 
AEC-sponsored alloy development and 
evaluation work was completed. This de- 
crease was partially offset by the develop- 
ment of rhenium and rhenium-platinum 
catalysts as replacements for more expen- 
sive platinum catalysts used in the cracking 
of petroleum hydrocarbons. Other applica- 
tions continued to be in electrical contacts, 
flashbulb filaments, heating elements, and 
coatings. It was estimated that about 65 
percent of total rhenium consumption was 
in the form of high-temperature refractory 
metal alloys, about 15 percent was in the 
form of catalysts, and about 20 percent was 
consumed in other applications. 

The relative percentage of rhenium con- 
sumed as catalysts will increase substantially 
in future years and is expected to account 
for more than half of the anticipated 
market of 20,000 pounds per year foreseen 
by CRM in 1972.” To pave the way for 
this growth, CRM increased its rhenium 
processing capacity to 8,000 pounds per 
year. 


A report on the use of rhenium was re- 
leased during the year which discussed 
the availability and use patterns for this 
metal." 


Prices.—During the year Cleveland Re- 
fractory Metals (CRM) continued to quote 
the following prices for rhenium materials, 
minimum order $50: 


Per pound 

Ammonium perrhenate (NH: ReO:), up 

to 5 pounds. ....................- $425 
Ammonium perrhenate, over 5 pounds. $400 
Potassium perrhenate (KReO;), up to 

5 pounds $395 
Potassium perrhenate, over 5 pounds. . $370 
Rhenium metal, grade I, up to 1 pound. $650 
Rhenium metal, grade I, 20 or more 

Pune e cuu ee oai $580 
Rhenium sintered bar (melting stock), 

up to 1 pound $800 
Rhenium sintered bar (melting stock), 

5 or more pounds... $750 
Rhenium rod stock, 0.2 inch in diam- 

CEO ENERO POLES $900 
Rhenium rod stock, 0.025 inch in diam- 

lo DEP 8 $1,260 
Rhenium strip, 0.6 inch thick... $815 
Rhenium strip, 0.001 inch thick... $1,580 
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Rhenium metal powder continued to be 
available at about $500 per pound when 
credit for returned rhenium alloy scrap 
was allowed. CRM, using special patented 
processes, recycled this scrap material to 
recover the rhenium content. High-purity 
rhenium metal was produced from a mix- 
ture of rhenium salts and rhenium scrap 
starting materials. 


Foreign Trade.—Imports of high-purity 
rhenium metal powder increased by a 
factor of over four during the year to 436 
pounds, rhenium content, valued at $149,- 
208. This significant increase, almost en- 
tirely from West Germany, approached the 
import level of 1965. Imported rhenium 
metal powder continued to be sold for 
approximately $20 per pound less than 
comparable domestic rhenium despite the 
duty (9 percent ad valorem) paid. There 
were no imports of wrought rhenium dur- 
ing the year. 

As part of the 5-year program of tariff 
reductions agreed upon at the Kennedy 
Round Tariff Negotiations, the duties on 
unwrought and wrought rhenium were 
further reduced. Effective January 1, 1969, 
the duty on unwrought rhenium was re- 
duced from 9 percent to 8 percent ad 
valorem, and that for wrought rhenium 
from 16 to 14 percent. 


Technology. Deposition studies were re- 
ported which indicated that coherent, high- 
purity rhenium deposits could be obtained 
by the hydrogen reduction of rhenium 
hexafluoride (ReFg) from the vapor phase.” 
A technical progress review of rhenium 
alloy development, fabrication techniques, 
oxidation and corrosion resistance, and 
mechanical properties was conducted for 
the AEC with special emphasis on high- 
temperature reactor material application.” 


. ° Spelman, Jon W. Where Rhenium Is Grow- 
ing. Metal Prog., v. 93, No. 2, February 1968, 
pp. 103-114. 

10 Chemical Week. Rhenium's Big Chance. V. 
103, No. 12, Sept. 21, 1968, p. 67. 

11 National Research Council. Trends in Usage 
of Rhenium—A Report by the Materials Advisory 
Board. MAB-251, National Academy of Sciences/ 
National Academy of Engineering, Washington, 

C., December 1968, 9 pp. 

12 Donaldson, J. G., F. W. Hoertel, and A. A. 
Cochran. Preliminary Study of Vapor Deposition 
of Rhenium and Rhenium-Tungsten. J. Less- 
Common Metals, v. 14, No. 1, January 1968, 
pp. 93-101. 

13 Simons, E. M., S. W. Porembka, Jr. and 
D. L. Keller. Reactor Materials. Battelle Memo- 
D Inst., Columbus, Ohio, v. 11, Nos. 1-4, 1968, 

pp. 
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Table 9.—U.S. imports for consumption of rhenium, by countries 


1964 1965 1966 1967 1968 
Country 
Pounds Value Pounds Value Pounds Value Pounds Value Pounds Value 
France.......... ...... -.----- 5 $2,624 . .... ....-- 29 $10,206 17 $6,722 
Germany, West 208 $94,033 460 208,523 84 337,371 72 31, 142 419 142,217 
United Kingdom 4 3,374 4 1,988 ...... ....-- 1 1,164 (4) 269 
Total..... 212 97,407 469 213,085 84 37,371 96 42,512 436 149,208 


1 Less than 1⁄4 unit. 


The development and evaluation of rhe- 
nium and rhenium-platinum catalysts re- 
celved considerable attention because of 
the potentially large rhenium usage which 
could result.“ 

Several significant patents were granted 
covering the recovery of rhenium from 
scrap, rhenium extractive metallurgy, and 
rhenium alloy preparation.” 

Studies on tungsten-technetium (W-Tc) 
alloys indicated that alloys of the W-Tc 
system, like those of the tungsten-rhenium 
(W-Re) system, had a ductilizing effect.“ 


As part of the evaluation of technetium 
as a replacement for rhenium in tungsten 
alloys, the W-Tc phase diagram was 
studied.” 

As a result of preliminary studies con- 
ducted on the separation of palladium, 
rhodium, and technetium from fission waste 
products, the AEC requested expressions 
of commercial interest from the domestic 
industry for the recovery of these materials 
from waste fission products generated in 
the Hanford (Washington) reactors.” 


SCANDIUM ° 


Domestic Production.—During the year 
scandium was recovered in small quantities 
from imported Norwegian thortveitite and 
euxenite and from sludges recovered from 
uranium and tungsten processing opera- 
tions. The principal domestic scandium 
producers, refiners, or dealers in 1968 were 
Alfa Inorganics, Inc., Beverly, Mass.; 
Atomergic Chemetals Co., Division of 
Gallard-Schlesinger Chemical Manufactur- 
ing Corp., Carle Place, N.Y.; King Prod- 


ucts, Inc., Arlington, N.J.; Research Chemi- 
cals, Division of Nuclear Corporation of 
America, Phoenix, Ariz.; Semi-Alloys, Inc., 
Mount Vernon, N.Y.; and Semi-Elements, 
Inc., Saxonburg, Pa. 

Since most uranium ores contain trace 
quantities of scandium, it is possible to 
recover the scandium by first allowing it 
to accumulate in the organic solvent used 
in uranium solvent extraction. To be reused 
in the uranium circuit, this organic solvent 


14 Corrigan, Mary H., William H. Davenport, 
and Jon W. Spelman. A Bibliography on the 
Catalytic Applications of Rhenium (1930-1967). 
5 Refractory Metals, Solon, Ohio, 1968, 

pp. 

Davenport, William H., Valerie Kollonitsch, 
and Charles H. Kline. Advances in Rhenium 
Catalysts. Ind. and Eng. Chem., v. 60, No. 11, 
November 1968, pp. 10-19. 

Klusksdahl, Harris E. (assigned to Chevron 
Research Co., San Francisco, Calif.). Reforming 
a Sulfur-Free Naphtha With a Platinum-Rhe- 
Tv Catalyst. U.S. Pat. 3,415,737, Dec. 10, 


15 Davenport, William H. (assigned to Chase 
Brass & Copper Co., Inc., Cleveland, Ohio). 
Method of Recovering Rhenium Values From 
Rhenium-Containing Scrap Material. U.S. Pat. 
3,407,127, Oct. 22, 1968. 


Peters, John E. (assigned to Chase Brass 
& Copper Co, Inc. Cleveland, Ohio). Process 
for Preparing Rhenium Refractory Alloys. U.S. 
Pat. 3,375,109, Mar. 26, 1968. 


Zimmerly, Stuart R., and Martin E. Messner 
(assigned to Kennecott Copper Corp, New 
York). Extraction of Rhenium and Production 
of Molybic Oxide From Sulfide Ore Materials. 
U.S. Pat. 3,376,104, Apr. 2, 1968. 

16 Nelson, R. F., and D. P. O’Keefe. Conclud- 
ing Progress Report—A Study of Tungsten- 
Technetium Alloys—October 1, 1966-August 1, 
1968. Clearinghouse for Federal Scientific and 
Technical Information, Springfield, Va., BNWL- 
865, September 1968, 53 pp. 

17 Johnson, Roger Niles. Solid-Liquid Phase 
Equilibria in the Tungsten-Technetium Alloy 
System. M.S. Thesis, Washington State Univ., 
Pullman, Wash., 1968, 66 pp. 

18 Panesko, J. V. Quarterly Report—Develop- 
ment Program for Recovery of Palladium, Rho- 
dium, and Technetium (MFC-8). Atlantic Rich- 
field Hanford Co., Richland, Wash., ARH-461, 
Apr. 1, 1968, 22 pp.; ARH-644, June 28, 1968, 
14 pp. 

19U.S. Atomic Energy Commission. Press Re- 
lease L-252, Oct. 31, 1968, 2 pp. 

20 Prepared by Richard F. Stevens, Jr. 
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must bé periodically purified at which time 
the resulting sludge is recovered and treated 
for its scandium content (approximately 
0.10 percent). 

Production of both scandium metal and 
scandium compounds increased during the 
year but continued to remain small as most 
of the material in industrial transactions 
came from accumulated stocks. 


Uses. — Although scandium demand in- 
creased during the year, the major require- 
ment for scandium metal and compounds 
continued to be primarily for use in labora- 
tory scale experimental work. While several 
producers offered scandium in pound lots, 
most consumption was measured in quan- 
tities of a few hundred grams. The greatest 
demand for scandium was from university 
and other groups which were engaged in 
government research projects studying the 
physical, mechanical, and radionuclear 
properties of scandium, its alloys, com- 
pounds, and isotopes. 


Prices.— Because of variations in purity 
and quantity the price of scandium and 
scandium compounds continued to cover 
a wide range during 1968. Owing to the 
low volume of business and lack of standard 
specifications, almost all orders were con- 
ducted on a custom basis. 

The following prices were quoted for 
scandium material during the year: 
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Per 
gram 
Scandium metal, ingot form, in 10- 
n ---------------- $32.00 
Scandium metal, foil, 60 mils (0.060 
inch) thick..................-..- $23.00 
Scandium metal, foil, 5 to 10 mils 
thick o oon c o 2 ae ee $75.00 
Scandium oxide, 99.9 percent purity, 
25-gram to 1-pound lots D 
Scandium salts, anhydrous—chloride, 
nitrate, sulfate, oxalate, and acetate 
—over 100 grams. ..............- $6.50 to 
$7.50 
Scandium salts, hydrous—chloride, 
nitrate, sulfate, oxalate, and acetate 
—over 100 grams. ..............- 553660 
Scandium compounds —selenide or 
tellur idle 350.00 


In addition, scandium-46, a radionuclide, 
was offered as the chloride in a hydro- 
chloric acid solution having a specific 
activity of 10 curies per gram, at $20 
per millicurie decreasing to $35 for 10 
millicuries. | 


Technology.—Interest in scandium was 
indicated by the number of items indexed 
in Nuclear Science Abstracts“ which rose 
20 percent to 346 items in 1968. Of this 
total, 142 concerned scandium isotopes, 
135 reviewed the chemistry, mechanical 
properties and extractive metallurgy of 
scandium metal, 43 evaluated the prop- 
erties of scandium compounds, and 19 re- 
viewed the preparation and properties of 
scandium alloys. 

A study of the phase diagram of the 
Ni-Al-Sc system conducted for the U.S. 
Air Force identified two unknown binary 
Sc-Ni compounds (ScoNi; and ScNis), 
one ternary phase (AlScNiz), and the Sc 
solid solubility limits in Ni, NiAl, and 
NisAl.” 


SELENIUM 2° 


Although strikes in the copper industry 
continued to depress production of sele- 
nium during the first half of 1968, in- 
creased output during the last half raised 
the year’s total selenium production to a 
level comparable with 1966 and 1967 
levels. Shipments and imports of selenium 
were at record levels. 

The Government inventory of selenium 
was increased by the addition of 49,035 
pounds to the Commodity Credit Corpora- 
tion stockpile inventory during the first half 
of the year, (27,000 pounds from Canada 
and 22,035 pounds from Japan) thus 
raising the inventory up to the objective 


of 475,000 pounds. At yearend the inven- 
tory amounted to 97,100 pounds in the 
national stockpile and 377,674 pounds in 
the supplemental stockpile for a total of 
474,774 pounds. 


Domestic Production.—Of the five plants 
in the United States reporting production 
of selenium, four were situated at major 
electrolytic refineries as follows: American 


2 U.S. Atomic. Energy Commission. Nuclear 
Science Abstracts. V. 22, Nos. 1-24, 1968. 

22 Goebel, J. A., and S. Rosen. Phase Equili- 
bria in the Nickel-Aluminum-Scandium System 
at 1,000° C. J. Less-Common Metals, v. 16, 
No. 4, December 1968, pp. 441—446. 

23 Prepared by John W. Cole. 
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Metal Climax, Inc., Carteret, N.J.; Ameri- 
can Smelting and Refining Co., Baltimore, 
Md.; International Smelting & Refining 
Co., Perth Amboy, N.J.; and Kennecott 
Copper Corp., Garfield, Utah. The fifth 
producer, Kawecki-Berylco Industries, Inc., 
Boyertown, Pa., produces selenium from 
purchased material from primary and 
secondary sources. Phelps Dodge Refining 
Corp., Maspeth, N.Y., sells a crude sele- 
nium product to other companies for 
refining. 


Consumption and Uses. Demand for 
selenium was strong throughout the year. 
About one-third of the selenium consumed 
was used in the glass industry as a de- 
colorizer and also, in larger percentages, 
to impart tints and colors from dark shades 
to ruby red. About one-quarter of the total 
was used in power distribution and specialty 
transformers and in electronic devices. 

Another one-third was used about equally 
in duplicating machines and inorganic pig- 
ments. The remainder was used in steel, 
rubber, dandruff-suppressing preparations, 
explosives, and agriculture. Shipments to 
consumers plus imports (apparent con- 
sumption) were higher than in any previous 


year and increased more than 50 percent 
from 1967 levels. 


Stocks.—Stocks were reduced signifi- 
cantly during the year to a yearend total 
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of about one-half of annual shipments. 


Prices. Selenium prices remained steady 
at $4.50 per pound for commercial grade 
and $6 per pound for the high-purity grade. 


Foreign Trade.—Of the total imports, 
Canada supplied 88 percent, Japan supplied 
7 percent, Norway supplied 4 percent and 
the remainder came from West Germany 
and the United Kingdom. 


World Review.—The estimated world 
production of selenium was about the same 
as in 1966 and 1967. Canada was the 
largest producer with the United States a 
close second and Japan third. These three 
countries accounted for 85 percent of the 
production. 


Technology.—More than 2,000 articles 
on selenium and tellurium were abstracted 
by the American Chemical Society for the 
Selenium-Tellurium Development Associa- 
tion. Many of the articles describe experi- 
ments that add to the evidence that 
selenium may be an important trace ele- 
ment in animal feed. 

Research by manufacturers of duplicating 
machines was directed toward discovering 
more versatile mediums than amorphous 
selenium. Amorphous selenium crystallizes 
at rather low temperatures and looses its 
effectiveness. 


Table 10.—Salient selenium statistics 


(Thousand pounds of contained selenium) 


1964 

United States: 

Production 929 

Shipments to eonsumer --- 646 

Imports for consumption 293 

Stocks, Dec. 31, producers 1,305 

Price per pound, commercial grade... 54. 50-56 
World: Production. .................. r 2,162 


r Revised. 


1965 1966 1967 1968 
540 620 598 633 
824 845 659 941 
251 286 301 583 
1,021 797 73 428 
54. 50-86 84. 50-56 34. 50-86 $4.50-$6 
1,799 r 1, 973 r 2,118 2,045 
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Table 11.—World production of selenium by countries 


(Thousand pounds of contained selenium) 


Country 1964 1965 1966 1967 1968 P 
Australia €... . . UON eR Ed WE 4 5 4 4 4 
elgium-Luxembourg (exports) .--...-.....------------ 87 93 91 90 54 
RTL TEE 466 512 575 752 708 
inland Lu; S pitu eI ³˙¹—ͤ uni. 8 15 18 12 15 e 15 
CT EE 826 848 421 422 894 
IP ose aa a susan e EE ma 7 18 d: luno 2 
OP eee ß EE 17 19 13 11 13 
SWedelh-. ucl re o ua Ss fe ee ted 181 176 r 154 r 158 e154 
United Staëateg; cs. u... Luc T EE 929 540 620 598 688 
IJ) ĩ ĩ˙ ( 8 8 17 21 r 10 10 
lr cuentos ⁵³ ⁵ 122 58 e 58 e 58 e 58 
eie dp r 2,162 1,799 1,9738 72,118 2,045 

e Estimate. P Preliminary. 


r Revised. 
! Compiled mostly from data available May 1969. 
2 Contained 


3 Total is of listed figures only. 


ed in c e del y slimes exported for treatment. 


TELLURIUM *?* 


Domestic Production.—Production of tel- 
lurium during 1968 was reported by the 
following companies: American Metal Cli- 
max, Inc., Carteret, N.J.; American Smelt- 
ing and Refining Company, Baltimore, Md.; 
International Smelting & Refining Co., 
Perth Amboy, N.J.; United States Smelting 
Lead Refinery, Inc., East Chicago, Ind.; 
and  Kawecki-Berylco Industries, Inc,; 
Boyertown, Pa. Phelps Dodge Refining 
Corp., Maspeth, N.Y., sells a crude tel- 
lurium product to other refineries. 


Consumption and Uses.—About 55 per- 
cent of the total tellurium consumed was 
used in steel to improve machinability; 15 
percent was used in copper alloys and 10 
percent was used in cast iron to control 
the crystallization of carbon; the remaining 
20 percent was used in rubber, as catalysts 
in chemical processes, and in explosives. 


Foreign Trade.—U.S. exports of tellu- 
rum are not classified separately by the 


Bureau of the Census and are available 
only by special request. 

Imports of tellurium totaled 70,600 
pounds valued at $404,000. Canada sup- 
plied 40,600 pounds and the remainder 
was imported from Peru. Eleven pounds of 
tellurium compounds valued at $256 was 
imported from West Germany. 


World Review.—The United States pro- 
duced about 45 percent of the free world 
production of tellurium, Canada was second 
and Peru was third. Since tellurium and 
selenium are byproducts of the electrolytic 
refining of copper, probably such large 
copper producers as Chile and Zambia 
export crude selenium-tellurium containing 
slimes to other countries for refining. 


Technology.— Tellurium was alloyed with 
sulfur and germanium to form a glass that 
has excellent optical properties in the 


2 Prepared by John W. Cole. 


Table 12.—Salient tellurium statistics 


(Thousand pounds of contained tellurium) 


1964 1965 1966 1967 1968 

United States: 
Production, primary and secondary...... 145 195 199 185 121 
Shipments to consumers-........._....-. 122 146 215 172 201 
Stocks, Dec. 81, producers 162 212 195 186 167 
C e — E £ Ë 

rice per pound, commercial grade 

World: Production 218 821 884 284 270 
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infrared region,” and superior physical 
properties such as mechanical strength and 
higher thermal stability. The glass, which 
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contains 40 percent germanium, 53 percent 
sulfur, and 7 percent tellurium, is especially 
useful in the field of detector systems. 


Table 13.—Free world production of tellurium by countries’ 


(Thousand pounds of contained tellurium) 


Country 2 1964 

%% ĩ•uur --- mA O 78 
7 ³ðW˙¹iA d tote 8 
JFC ³ĩðWA. K sa ³ 47 
United States 145 
Total EE 278 


1965 1966 1967 1968 v 
70 72 82 65 
20 23 30 31 
3 40 3 53 

195 199 135 121 
321 834 284 270 


P Preliminary. 
1 Compiled mostly from data available May 1969. 


2 Small quantity also recovered in Australia by Electrolytic Refining and Smelting Co. of Australia Pty. Ltd. 


3 Total is of listed figures only. 


THALLIUM °° 


Domestic Production.—American Smelt- 
ing and Refining Company produced thal- 
lium and thallium compounds at its Denver, 
Colo., plant. It was the first year since 
1964 that thallium metal was produced. 
Shipments of thallium and thallium com- 
pounds increased substantially over those 
of 1967. 


Uses.—Thallium was used in pesticide 
preparations, electronic components, solders, 
fusible alloys, and other minor applications. 


Price.—The quoted price for thallium 
metal in less-than-100-pound lots was $7.50 
per pound. 


Foreign Trade.—Imports for consump- 
tion of thallium (unwrought (except al- 
loys), waste, and scrap) consisted of 141 
pounds, valued at $1,253, from Belgium. 


25 Brau, Maurice J. (assigned to Texas Instru- 
ments, Inc.). Germanium-Sulfur-Tellurium Glass 
Compositions and Infrared Detection Systems. 
U.S. Pat. 3,371,211, Feb. 27, 1968. 

2 Prepared by John W. Cole. 
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GREENSAND 


Domestic production of greensand (glau- 
conite) increased almost 4 percent in 
quantity and declined 1 percent in value 
compared with that of 1967. The average 
annual production for 1964—68 was 3,023 
short tons valued at $185,000. Soil con- 
ditioning and water softening were the 


uses for which this material was marketed. 

As in 1967 only two firms, Kaylorite 
Corp. of Maryland and Iversand Co. of 
New Jersey, produced greensand. Informa- 
tion on production and sales for 1968 is 
withheld to avoid disclosing individual com- 
pany confidential data. 


IODINE ° 


The Nation’s growing demand for iodine 
was met by a substantial increase in im- 
ports of crude iodine and a lesser increase 
in the domestic output. Consumption of 
crude iodine in the United States estab- 
lished a record high in 1968. 

Prices of iodine and iodine compounds 
remained firm except for an increase in the 
price of crude iodine announced late in 
the year by the Nation’s only producer. 
Additions of crude iodine to the Govern- 
ment stockpile more than doubled those 
of 1967. 


Legislation and Government Programs.— 


Government stocks of crude iodine on 
December 31, 1968, were 8,011,839 pounds, 


of which 2,955,692 pounds was in the 
strategic stockpile, 4, 778,791 pounds in 
the supplemental stockpile, and 277,356 
pounds in the Commodity Credit Corpora- 
tion stockpile. The stockpile objective for 
iodine, established by the Office of Emer- 
gency Planning, is 8 million pounds. 

About 654,000 pounds of crude iodine, 
all from Chile, was delivered to the Govern- 
ment stockpile in 1968 under the barter 
program as authorized by the Agricultural 
Trade and Assistance Act of 1954, as 
amended (Public Law 480, 83d Congress), 
and the Commodity Credit Corporation 
Act, as amended. 


1 Physical scientist, Division of Mineral Studies. 


3 Prepared by Keith S. Olson, Industry econo- 
mist, Minneapolis Office of Mineral Resources. 
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Table 1.—Crude iodine consumed in the United States 


1967 1968 
Products Crude iodine consumed Crude iodine consumed 
Number ——————————————— Number 

of plants Thousand Percent of plants Thousand Percent 

pounds of total pounds of total 
Resublimed iodine 6 120 8 6 186 
Potassium iod ide 11 1,301 86 8 1,715 39 
Sodium iodide................ 5 W W 2 W w 
Other inorganic compounds 19 790 22 15 862 19 
Organic compounds........... 25 1,363 88 25 1,789 89 
l!!! u; 142 3, 574 2100 188 2 4,451 100 


W Withheld te avoid disclosing individual company confidential data; included with “Other inorganic 


compounds.’ 


1 Nonadditive total because some plants produce more than 1 product. 
3 Data do not add to total shown because ot independent rounding. 


Domestic Production.—Crude iodine out- 
put in the United States increased both in 
quantity and value. The entire domestic 
output was recovered at Midland, Mich., 
by The Dow Chemical Co. from natural 
well brines as* a coproduct with bromine, 
calcium and magnesium compounds, and 
‘potash. 


Consumption and Uses.—Domestic con- 


Prices. Effective December 24, 1968, 
the price of crude iodine was increased 
from $1.18 to $1.24 per pound by The 
Dow Chemical Co. These prices applied to 
sales of crude iodine in lots of five or more 
200-pound drums. Increased manufacturing 
costs were cited as the reason for the price 
increase. Quoted prices of iodine and iodine 
compounds follow: 


sumption of crude iodine was nearly 4.5 Per pound 
million pounds, an increase of about 25 
percent over that of 1967. The crude iodine Crude iodine, drums... $1.24 
was consumed at 38 plants in the produc- pics e eg 
; : os ; .S.P., drums, f.o.b. 
tion of resublimed iodine and lodine com- VF 2.20- 2.22 
pounds. Leading consuming States, in Calcium iodate, drums, 
descending order of magnitude, were delivered........... 1.45- 1.60 
Missouri, New York, and New Jersey. Calcium iodide, 25- 
Collectively, plants in these States ac- pound jars, f.o.b. 
counted for about 74 percent of the crude works. dE 4.27 
iodine consumed in the Nation. Increases ici geen 
were reported in crude iodine used in the drama. 500 ada 
À ee : ; pounds or 

manufacture of resublimed iodine, organic more, delivered...... 1.45 
compounds, potassium iodide, sodium Potassium iodide, 
iodide, and miscellaneous inorganic com- U.S.P., crystals, 
pounds. drums, smaller lots, 

Major uses for iodine and iodine com- delivered........... 1.47 
pounds included photographic chemicals, ee ei d 
household and industrial disinfectants, drums frei x be 

° ° ° j gnt 

pharmaceutical preparations, animal feeds, equalized........... 2.13 


and photolithographic supplies. Other uses 
included production of high-purity metals, 
motor fuels, iodized salt, smog inhibitors, 
swimming pool sanitizers, and catalysts in 
chemical processes. Iodine compounds were 
also added to lubricants used for titanium, 
stainless steel, and other metals which are 
difficult to lubricate and hard to machine. 
Stocks. stocks of crude 
iodine held by consumers were approxi- 
mately 737,000 pounds, compared with 
726,000 pounds at the end of 1967. 


Source: Oil, Paint and Drug Reporter. 


Foreign Trade.—Imports of crude iodine 
in 1968 increased 68 percent in quantity 
and 76 percent in value over those of 
1967. Crude iodine imported for the Gov- 
ernment stockpile under the barter pro- 
gram increased from 252,000 pounds in 
1967 to 654,000 pounds in 1968. Imports 
of resublimed iodine in 1968 were about 
14,000 pounds, compared with 9,000 
pounds in 1967. 
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Table 2.—U.S. imports for consumption of crude iodine, by countries 


(Thousand pounds and thousand dollars) 


1966 1967 1968 
Country — 9 Gü— : „ 8 

Quantity Value Quantity Value Quantity Value 

Canna... a. cu ects, ˙ A 80 $29. ¿usura usus 

CHG wis hs uuu Sas eL as 4,404 $8,676 2,174 1,884 2,298 $2,088 
many, West em e> q o Q < Q q q o u e om ee es zm rm — | ge e o e e li wm em om e e ge 13 mq e ze vn em em — ess e e e e e e 

Ong KOhP.....l. ewe d 1111; ͥ ꝶ Tt 

Japan cs E qeu HR 2,718 2,245 1,255 1,814 8,454 8,514 

Pep RSEN CREE $ TUE TRE 49 41 

Sweden. ↄ⁵˙”—ũ1.¾0̃ũĩ½⅝ ꝛ˙d d: ] ͤ . ͤ ß Io dL d (1) CC 

// uu ct u 222 bec oe 7,188 5,934 8,459 8,177 5,798 5,594 


On January 1, 1968, tariff rates on re- 
sublimed iodine and potassium iodide were 
lowered from 10 cents to 9 cents per 
pound and from 25 cents to 22 cents per 
pound, respectively. By January 1, 1972, 
yearly reductions will have lowered tariff 
rates on resublimed iodine to 5 cents per 
pound and on potassium iodide to 12 cents 
per pound. 


World Review.—Chile.—Crude iodine 
production in 1968 was 2,120 short tons, 
compared with 2,443 tons in 1967. This 
decline was due to a lesser output by the 
Chilean nitrate industry, which produces 
crude iodine as a byproduct. 

Iodine was produced at three plants 
owned and operated by Sociedad Quimíca 
y Minera de Chile, S.A. This company was 


formed by a merger of Anglo-Lautaro 
Nitrate Co., Chiles major nitrate pro- 
ducer, and the Government agency Cor- 
poración de Fomento de la Producción. 


Japan.—For the second consecutive year, 
Japan was the world's leading producer 
of crude iodine. Production in 1968 was 
3,958 short tons,* compared with 3,208 
tons in 1967. 


Technology.—The effectiveness of iodine 
compounds used as additives to lubricants 
and cutting fluids was described. A patent 
was granted for a process of manufactur- 
ing iodine of very high purity by passing 
iodine over hot tungsten to remove oxygen- 
containing compounds and extracting the 
free iodine by fractional sublimation.? 


LITHIUM 


Domestic Production.—The major por- 
tion of lithium minerals production was 
nrovided by the Foote Mineral Co. at its 
Kings Mountain, N.C., operation where 
pegmatites were mined and beneficiated 
by flotation to obtain spodumene and other 
accessory minerals. Lithium carbonate was 
recovered from brines at Trona, Calif., by 
American Potash & Chemical Corp.; and 
at Silver Peak, Nev., by Foote Mineral Co. 
A small quantity of lepidolite and ambly- 
gonite was produced by Keystone Chemical 
Corp., Keystone, S. Dak. 


Processors of lithium raw materials to 
lithium primary products were Foote Min- 
eral Co., Sunbright, Va., and Silver Peak, 
Nev.; American Potash & Chemical Corp., 
Trona, Calif.; and Gulf Resources and 
Chemical Corp., Bessemer City, N.C. 


Government stocks of lithium hydroxide 


monohydrate, remained at about 6,500 
short tons. 

Consumption and Uses.—Domestically 
produced lithium minerals were processed 
into numerous lithium chemicals for a wide 
variety of applications. Major uses were 
in ceramics, greases, air conditioning, poly- 
mers, alloying, and organic synthesis; there 


was some use in aluminum metal produc- 
ton. Lithium was still under consideration 


for the manufacture of automobile batteries. 


3 U.S. Embassy, Santiago, Chile. State Depart- 
ment Airgram, A-144, May 15, 1969, p. 4. 

4 U.S. Embassy, Tokyo, Japan. State Depart- 
ment Airgram, A-353, Apr. 17, 1969, p. 4. 

5 American Chemical Society, Division of 
Petroleum Chemistry, Development of Non- 
Corrosive, Non-toxic Iodine Containing Lubri- 
cant and Cutting Fluid. V. 18, No. 12, Apr. 
5, 1968, pp. B5-B14. 

8 Jurgen Tillack (assigned to North American 
Philips Co., Inc., New York, N. V.). Process for 
Manufacturing Iodine of Verv High Purity. 
U.S. Pat. 3,419,357, Dec. 31, 1968. 
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Prices.—At yearend 1968 prices of 
lithium metal and compounds were quoted 
in the Oil, Paint and Drug Reporter as 
follows: 


Per pound 
$7.50 


Lithium metals, 100- 
pound lots, delivered. . 
Lithium carbonate, 
carlots, truck loads, 
delivered, in drums... .45 
Lithium chloride, 
anhydrous, carlots, 
truck loads, delivered, 


Lithium fluoride, 
10,000 pounds mini- 
mum, delivered...... 
Lithium hydride, car- 
lots, truck loads, 
delivered. .......... 
Lithium hydroxide, 
monohydrate, carlots, 
truck loads, delivered, 
in drums............ .54 
Lithium nitrate, tech- 
nical 100-pound lots, 
in drums............ 
Lithium stearate, 50- 
pound cartons, carlots, 
works.............. 49 
Lithium sulfate, 100- 
pound lots, in drums. . 


1.25- 1.55 


1.20- 1.30 


Foreign Trade.—Imports of lithium min- 
erals declined sharply in 1968. Southern 
Rhodesia supplied almost all of the min- 


7 Reeves, J. 
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erals imported. Imports of other lithium 
materials were as follows: lithium metal, 
3 pounds valued at $341 from West Ger- 
many; and lithium compounds, 34,036 
pounds, primarily from France, with small 
quantities from Switzerland, the United 
Kingdom, and Denmark. 


World Review.—Canada.—Some produc- 
tion of low-iron spodumene concentrate 
can be expected in the near future as a 
coproduct of tantalite output by the 
Tantalum Mining Corporation of Canada 
from the lithium-bearing pegmatite on the 
north shore of Bernic Lake in southeastern 
Manitoba.’ 

South-West Africa, Territory of—The 
controlling interest of S.W.A. Lithium 
Mines (Pty.) Ltd. has been acquired by 
Klockner and Co. K.G. S.W.A. Lithium 
owns the Helicon and Rubicon mines 
southeast of Karibib and produces most of 
the lepidolite and petalite and almost half 
the amblygonite exported from South-West 
Africa. A new flotation plant is being in- 
stalled to process reserves estimated at 
17,000 tons suitable for hand cobbing and 
an additional 1 million tons suitable for 
concentration by flotation techniques.® 


E. Preprint from Canadian Min- 
erals. Lithium Minerals. No. 29, 1967. 

8 Metal Bulletin (London). Klockner Buys 
SWA Lithium. No. 5288, Apr. 5, 1968, p. 26. 


Table 3.—U.S. imports for consumption of lithium ore, 
by country of origin and U.S. customs district 


Country and customs district 


Brazil: Baltimore 
Canada: St. Alban 
Rhodesia, Southern: 

altimore 


1967 1968 
Short Value Short Value 
tons (thousands) tons (thousands) 
45 1 MEMO 
2,888 TTT 
22, 424 669 11,016 $360 
1,181 öö;öÜ⁊¹zʒ 8 
77 sees 377 22 
25,983 766 


11,898 882 
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Table 4.—Free world production of lithium minerals, by countries 


(Short tons) 
Country Mineral produced 1964 1965 1966 1967 1968» 
North America: ! Canada Spodumene (Li:O content)... 528 507 127 269 ... 
South America: 
rgentina.__........-_....-. Lithium minerals 799 686 7298 P265 NA 
Brazil to EE EE, TEE 7,640 110 6,745 NA 
ca: 
Mozambique g- Lepido lite 83 NA 276 824 
| Eueryptite g- 806 e 705 NA NA NA 
Rhodesia Lepidolite. ...............- 22,948 *17,747 NA NA NA 
gue eem NE s s 86,449 * 29,878 NA NA NA 
Spodumene................ 6,965 ¢ 15,822 NA NA NA 
Rwanda Amblygonite . . . . . 325 NA NA NA NA 
South Africa, Republic of Lithium minerals..........- 179 958 887 ..... 44 
| Amblygon ite 13 39 80 NA NA 
South-West Africa Lepidol ite 407 298 865 NA NA 
[Pet It .. conoce seems 798 1,882 1,344 NA NA 
Uganda Amblvgonite ...--------- 22 2 278 49 49 
Petalite 3 233 
Oceania: Australia. Amblygonite . 347 1,112 747 828 
Spodumene 58 
° Estimate. P Preliminary. r Revised. NA Not available. 


1 U.S. figure withheld to avoid disclosing individual company confidential data. 


? Exports. 


Technology.—Eucryptite and  bikitaite 
crystals, which previously had been re- 
ported in only a few locations in the world, 
have been found in lithium-rich pegmatites 
at Kings Mountain, N.C. The minerals 
occur as single crystals in seams. The 


eucryptite crystals were free growing and 
bounded with crystal faces. The bikitaite 
was deeply etched. The optical and physi- 
cal properties, unit cell dimensions, and 
chemistry of the specimens were given.“ 


MEERSCHAUM 


Domestic meerschaum consumers re- 
mained dependent on imports to supply 
their demand. Imports increased slightly 
from 11,707 pounds valued at $19,443 in 
1967 to 12,005 pounds valued at $38,344 
in 1968. Turkey supplied 8,722 pounds 
valued at $33,852. The remaining imports 


QUARTZ 


were received from Kenya, India, France, 
and Iran. 

Meerschaum continued to be used pri- 
marily for pipes and cigarette holders. 
Additional meerschaum is imported in the 
form of finished manufactures for which 
no statistics are collected. 


CRYSTAL 


ELECTRONIC-GRADE 


The consumption of raw quartz crystal, 
both natural and manufactured, declined 
almost 26 percent from that of 1967. The 
consumption of manufactured quartz de- 
creased 18 percent. The production of 
finished units increased about 5 percent. 


Domestic Production.—No domestic pro- 
duction of natural electronic-grade quartz 
crystal was reported to the Bureau of Mines 
in 1968. At yearend five companies re- 
ported the production of manufactured 
quartz for use by the electronic industry. 
These companies were P. R. Hoffman Co., 


Carlisle, Pa.; Quality Crystals, Inc., Cort- 
land, Ohio; Sawyer Research Products, 
Inc, Eastlake, Ohio; Thermo Dynamics, 
Corp., Shawnee Mission, Lan.; and Western 
Electric Co., Inc., North Andover, Mass. 
The major domestic producers were Sawyer 
Research Products, Inc, and Thermo 
Dynamics Corp. Sawyer reported sales of 
67,000 pounds of manufactured quartz and 
Western Electric continued to produce 
quartz for its own affiliated companies use. 

9» American Mineralogist. Eucryptite and Biki- 


taite from King's Mountain, North Carolina. 
V. 53, No. 7-8, July-August 1968, pp. 1202-1207. 
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Table 5.—Salient electronic- and optical-grade quartz crystal statistics 


1966 1967 1968 
Imports of electronic- and optical-grade quartz crystal. . thousand pounds 265 220 286 
Ven TEE housands. . $596 $498 $339 
Consum tion of raw electronic-grade quartz crystal - thousand pounds 868 882 247 
Production, piezoelectric units, number........-..........-- thousands.. 27,4638 28,340 24,586 


Consumption and Uses.—Consumption 
of raw quartz crystal declined from 332,028 
pounds in 1967 to 246,673 pounds in 1968. 
The consumption of manufactured quartz 
decreased from 102,636 pounds in 1967 
to 83,945 pounds in 1968. About 21.3 
million finished quartz crystal units were 
produced from raw quartz crystal con- 
sumed during the year. 

The data reported in table 5 are based 
on reports received in 1968 from 35 crystal 
cutters in 14 States. Finished piezoelectric 
units were produced by 30 of the cutters; 
the others produced only  semifinished 
blanks. Of these cutters 8 cut natural 
quartz only, 11 cut synthetic only, and 11 
cut both natural and synthetic. 

Eighteen consumers in four States used 
72 percent of the total raw quartz con- 
sumption. Pennsylvania was the leading 
quartz consumer with 38 percent of the 
total, followed by Kansas, Illinois, and 
Massachusetts. Piezoelectric units were 
manufactured by 51 producers in 19 States. 
Of these 14 worked from partially proc- 
essed quartz crystal blanks and did not 
consume raw material. Seventeen plants 
in four States supplied 75 percent of the 
total output of finished crystal units. 
Oscillator plates comprised 74 percent of 
production. The remainder included filter 
plates, telephone resonator plates, trans- 
ducer crystals, and miscellaneous items. 


Prices.—Final selling price of quartz 
crystal is subject to negotiation between 
buyer and seller. Price ranges, which have 
not changed for several years, follows: 


Weight class Price 
(grams) per pound 
100-200............ 92.00-33.50 
201-300............ 4.00-12.50 
301-500............ 8.00-14.00 
501-700............ 12.00-20.00 
701-1,000.......... 18.00-24.00 

1,001-2,000.......... 24.00-35.00 


The price of manufactured quartz crystal 
was quoted by one large producer at 
$27.50 per pound in any quantity. Lasca, 
used for manufacturing clear fused quartz 
and as feed material for manufactured 
quartz crystal, sold for about $0.50 per 
pound for first-quality material. The price 
of second-quality lasca was about $0.25 
per pound. 


Foreign Trade.—Imports of electronic 
and optical-grade quartz crystal increased 
30 percent in quantity to 285,665 pounds, 
but declined 32 percent in value to 
$339,472. The average value of imports 
was $1.18 per pound, a decline of almost 
50 percent from that of 1967. This would 
indicate that smaller and less costly quartz 
crystals were imported to meet domestic 
demand. Brazil maintained its status as the 
major world producer, supplying almost 
all of U.S. imports for consumption. Less 
than 2 percent was received from Argen- 
tina, Japan, and West Germany. Imports 
of quartz crystal valued at less than $0.50 
per pound, generally referred to as lasca, 
totaled 894,488 pounds valued at $268,327. 
This material was used for the manufacture 
of fused quartz and as a nutrient material 
for the production of manufactured quartz 
crystal. 


Exports of raw quartz, both natural and 
manufactured, increased from 112,935 
pounds valued at $968,907 in 1967 to 
172,352 pounds valued at $1,649,396. 
About 70 percent of the material was 
shipped to Canada, Mexico, United King- 
dom, West Germany, India, and Israel. 


World Review, Brazil. The nation ex- 
ported 9.5 million pounds of raw quartz 
crystal during 1967, valued at $2.0 million. 
About three-fourths of the material ex- 
ported consisted of low-value lasca. 
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STAUROLITE 


Sales of staurolite, a complex silicate of 
iron and aluminum, increased very slightly 
in quantity and value in 1968. This min- 
eral continued to be used primarily as a 
sand blast abrasive and, to a minor extent, 
as an ingredient in certain portland cement 
mixes. U.S. production of staurolite was 


confined to Florida where the material 
was one of the products recovered from 
Clay County sand in the Highland and 
Trail Ridge plants of E. I. du Pont de 
Nemours & Co., Inc. Production of this 
commodity increased 5 percent in 1968. 


STRONTIUM 


Domestic Production.—Strontium min- 
erals have not been produced in the 
United States since 1959. However, im- 
ports of strontium minerals were more 
than double those of 1967 in both quantity 
and value. Quantitative data were not 
available on the production of strontium 
metal, alloys, and compounds. Firms that 
consumed imported celestite and produced 
various compounds included E. I. du 
Pont de Nemours & Co., Inc., Grasselli, 
N.J.; Foote Mineral Co., Exton, Pa.; and 
FMC Corp., Modesto, Calif. 


Legislation and Government Programs.— 
The Government continued to maintain 
its stockpile of celestite for emergency use. 
At yearend the inventory contained 15,116 
tons of stockpile-grade and 27,725 tons of 
non-stockpile-grade material. During the 
year about 3,000 tons was sold by the 
Government. 


Consumption and Uses.—Strontium meta! 
and alloys of strontium continued to be 
used as getters for the removal of gas in 
vacuum tube manufacture. Strontium com- 
pounds were used to impart a brilliant red 
color in various types of pyrotechnic de- 
vices. Strontium compounds were also used 
in ceramics, medicines, greases, and plastics. 
Consumption data were unavailable. 


Prices.—Prices at yearend appeared in 
the Oil, Paint and Drug Reporter: Stron- 
tium sulfate (celestite) —air floated, 90 
percent, 325-mesh, bags, works, at $56.70 
to $66.15 per ton; strontium carbonate— 
pure, drums, 5-ton lots or more, works, at 
35 cents per pound, and technical, drums, 
works, at 19 cents per pound; and stron- 
tium nitrate—bags, car'ots, works, at $12 
per 100 pounds. Final prices are generally 
subject to negotiation between seller and 
buyer. 

The average value of imported stron- 
tium minerals at foreign ports was about 
$22 per ton. 


Foreign Trade.—Imports of strontium 
minerals climbed to 12,896 tons in 1968 
from 5,612 tons in 1967. The material 
was imported primarily from the United 
Kingdom, Spain, and Mexico. Other im- 
ports for consumption follow: Strontium 
carbonate, precipitated—411 pounds valued 
at $1,713 from the United Kingdom; stron- 
tium carbonate, not precipitated—35,071 
pounds valued at $4,533 from the United 
Kingdom and Italy; other strontium com- 
pounds—1.507 pounds valued at $4,822 
from the United Kingdom, 1,323 pounds 
valued at $2,203 from France, and 10,000 
pounds valued at $3,050 from West 
Germany. 


Table 6.—U.S. imports for consumption of strontium minerals,’ by countries 


Spain 
i 


Ü ] mm mtr DS oleae ese 
United Kingdom KH 


1967 1968 

Short Value Short Value 
tons (thousands) tons (thousands) 

14 %%%%ͤ́ ] Gabais 

6 1 17 $5 

8,148 87 8,879 51 

3 4,448 97 

2,444 75 4,557 137 

5,612 118 12,896 290 


1 Strontianite or mineral strontium carbonate and celestite or mineral strontium sulfate. 
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World Review.—Canada.—Strontium 
carbonate will be produced in Nova Scotia 
from celestite deposits in Cape Breton 
Island. The Cape Breton Development 
Corp. and Cape Chemical Corp. concluded 
an agreement to construct a plant near 
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Sydney to produce strontium carbonate. 
Initial production is planned for mid-1969." 


10Canadian Mining Journal Nova Scotia 
Celestite To Be Mined. V. 61, No. 674, June 
1968, p. 781. 


Table 7.—Free world production of strontium minerals, by countries 


(Short tons) 


Country ! 


C AAA e 
United Kingdom. ...........-...-...--.-------- 


e Estimate. p Preliminary. r Revised. 


1964 1965 1966 1967 1968 » 
a o ———— 
34 659 408 NA NA 
r 827 705 659 728 e 614 
6,020 r 2,880 6,267 2,803 3,806 
297 497 590 418 e 400 
19,077 10,695 10, 533 10,472 15, 000 
r 26,255 715,436 18,457 14,421 19,820 


NA Not available. 


1 Strontium minerals are produced in Germany, Poland, and the U.S.S.R., but data on production are not 


available. 
2 Total is of listed figures only. 


WOLLASTONITE 


Wollastonite sales rose 6 percent in quan- 
tity and 3 percent in value over those of 
1967. The Cabot Corp. (Oxides Division), 
principal domestic supplier, mined and 
processed paint- and ceramic-grade wollas- 
tonite in Essex County, N.Y. Two other 
firms supplied smaller quantities of the 
mineral from deposits in Riverside and 
Inyo Counties, Calif. 

Nominal per-ton prices for wollastonite 
were recorded in Oil, Paint and Drug 
Reporter, unchanged from October 1960 


through December 1968, as follows: Fine, 
paint-grade, bags, carlots, ex warehouse, 
$51; medium, paint-grade, bags, carlots, 
works, $29; less than carlots, ex warehouse 
$39. Ceramic Industry Magazine, January 
1968, page 43, quoted $37 and $22.50 
per ton as the respective high and low 
1968 prices for wollastonite. As is custom- 
ary for most industrial minerals, actual 
sales were negotiated at prices agreed upon 
by buyer and seller without public dis- 
closure. 


AU. S. GOVERNMENT PRINTING OFFICE: 1969 O— 344-050/197 


OF ILLINOIS-URBAN 


i I Mi 


3 01120 


